
ate

pic. DNA
ates must
es linking
es of DNA
ith respect
eractions
s as

. A model
It has been
ouble layer.
S-treated
ss slides.

y;
Journal of Colloid and Interface Science 260 (2003) 49–55
www.elsevier.com/locate/jcis

Molecular interactions between DNA and an aminated glass substr

Alain Carré,∗ Valérie Lacarrière, and William Birch

Corning S.A., Fontainebleau Research Center, 7 bis, Avenue de Valvins, 77210 Avon, France

Received 3 July 2002; accepted 7 November 2002

Abstract

With the development of DNA arrays, the immobilization of DNA strands onto solid substrates remains an essential research to
arrays have potential applications in DNA sequencing, mutation detection, and pathogen identification. DNA bound to solid substr
still be accessible and retain the ability to hybridize with its complementary strands. One technology to produce these arrays involv
DNA molecule probes to a silanized substrate in microspot patterns and exposing them to a solution of fluorescently labeled sampl
targets. The behavior of both the target and probe DNA and their interactions with each other at the substrate surface, particularly w
to molecular interactions, are poorly understood at the present time. The objective of this work is to model simply the interface int
between DNA and glass slides modified with an aminosilane (γ -aminopropyltriethoxysilane, APTS). In aqueous solutions, DNA behave
a polyacid over a wide range of pH. A glass substrate treated with APTS is positively or negatively charged, depending on the pH
of the surface charge of APTS-treated glass has been developed from results of wetting experiments performed at various pH.
demonstrated that the surface charge of APTS-treated glass is well described by a model of constant capacitance of the electrical d
A good correlation between experimental data on DNA retention at various pH’s and the variation of the surface charge of the APT
glass is obtained. This provides an indication of the role of ionic interactions in the adsorption of DNA molecules onto aminated gla
 2003 Elsevier Science (USA). All rights reserved.

Keywords: DNA; Glass; Aminosilane; Aminopropyltriethoxysilane; Surface charge; Point of zero charge; Ionic interaction; DNA retention; Wettabilit
Contact angle; Water; pH
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1. Introduction

Over the past years, nucleic acid probes have been e
sively used to detect human pathogens in molecular re
nition tests. With the development of DNA microarrays,
immobilization of these molecules onto solid substrates
mains an essential research topic. When bound to a
substrate, the DNA molecules must still be accessible
retain the ability to hybridize with their complementa
strands. Hybridization of the fluorescently labeled probe
a specific DNA sequence generally indicates that the g
represented by this sequence is expressed. DNA arrays
potential applications in DNA sequencing, mutation det
tion, and pathogen identification. Preparation of DNA arr
involves binding of DNA molecules to silanized glass su
strates in the shape of microspots, or synthesizing DNA
the substrate and exposing the DNA array to a solutio
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fluorescently labeled samples of DNA targets. This proc
which is sometimes called heterogeneous hybridization
lows conducting many different tests in parallel, using v
small amounts of expensive DNA probe material. Howe
the behavior of both the target and probe DNA and their
teraction with each other at the liquid/substrate interface
at the present time poorly understood, particularly with
spect to specific and nonspecific molecular interactions.

Modified and bare silica or glass substrates are curre
used in many fields of technology to immobilize genetic m
terial. Bare silica has been found to be reactive but pron
rapid contamination. Modification of silica or glass surfac
by covalent binding of silanes with surface silanol grou
has been extensively studied. Silanization of glass subst
with an aminosilane provides an amine-rich surface whic
ideal for attachment of DNA to the solid substrate.

It is generally known that both electrostatic and h
drophobic interactions are major driving forces for prot
adsorption at solid/liquid interfaces. However, relatively
tle is known about how these interactions affect the inte
cial behavior of single- or double-stranded DNA molecul
eserved.

http://www.elsevier.com/locate/jcis
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It has been demonstrated that DNA oligonucleotide
solution interact with aminopropyl silane treated substr
via ionic interactions [1]. The pH of the medium in whic
oligonucleotides are present has a strong impact on
amount of material adsorbed and retained on aminated
strates [2].

The objective of this work is to model simply the inte
action between DNA molecules and an aminated glass
as a function of the pH and to use experimental techniq
to support the model. The surface charge of the subs
will be studied with the evolution of the wettability of th
aminated glass as a function of the pH of the contac
water. The variation of the DNA retention on the substr
as a function of pH will be quantified using fluoresce
detection.

2. Theory

2.1. Charge of DNA in solution

DNA is a polymer with an alternating sugar–phosph
sequence. The monomer units of DNA are nucleotid
Each nucleotide consists of a deoxyribose sugar, a nitro
containing base attached to the sugar, and a phosphate g
There are four different types of nucleotides found in DN
differing only in the nitrogenous base: adenine, guan
cytosine, and thymine.

Native DNA is a double-stranded structure that may
denatured into two single strands in a chaotropic solven
at high pH values or by heating (melting). The denatura
is a reversible process.

When a single-stranded DNA molecule is in water, io
ization of sites on the linkages and bases results in a ch
that is pH-dependent. The electrostatic characteristics
single-stranded DNA molecule are derived from the ion
tion of the phosphodiester linkages, resulting in one nega
charge per nucleotide, and from ionization of bases, re
ing in a charge that is base-dependent.

A phosphodiester is a strong acid whose pK is around
1 [3]. Adenine (A) and cytosine (C) bases can be found
neutral or positive forms, whereas thymine (T) is neutra
negative, and guanine (G) can exist in all three states [3].
ionization of the bases and their corresponding dissocia
constants may be described by the equilibria repo
in Table 1.

Table 1
Ionization equilibria for the four different bases found in DNA [3]

Base Equilibrium Equilibrium constant

Adenine AH+ ↔A + H+ KA =10−3.5

Cytosine CH+ ↔C+ H+ KC =10−4.2

Thymine TH↔T− + H+ KT =10−9.2

Guanine GH+2 ↔GH+ H+ KG1=10−2.1

GH↔G− + H+ KG2=10−9.2
-

-
p.

e

2.2. Ionization of glass and of amine groups of
silanized glass

For the description of charge and potential at the ox
electrolyte interface, different models can be used. A c
mon feature of these models is the notion of charging f
dissociation of surface groups and a formulation of mass
tion laws applied to the solid/liquid interface. In the co
text of electrokinetic potential measurements, the triple la
model, which comprises a well-confined electric dou
layer close to the surface and a diffuse layer describe
the Gouy–Chapman theory, is considered to be the bes
for a quantitative description [4]. Close to the solid s
face, a well-confined electric double layer, also known
the Helmholtz layer, is formed. This is followed by a diffu
layer of counter charges between the outer Helmholtz p
and the neutral bulk of the solution. While the Helmho
planes are strongly adsorbed, the diffuse layer is consid
more mobile.

Several studies show that a simple thermodynamic an
sis of the adsorption or desorption of protons allows us to
late the change in the solid/electrolyte interface free en
to the charge density at the oxide surface [5,6]. The w
confined electric double layer close to the solid surfac
apparently sufficient to interpret contact angle titration me
ods, where the point of zero charge of the solid is the
known parameter. However, simple Helmholtz double-la
description appears to be particularly well adapted to
case of a silanized glass substrate, as shown in this stud

As a first approximation, we assume that a glass sur
behaves similarly to an amorphous silica surface. The
mated maximum coverage of silanols on a silica surfac
about 4.5 SiOH groups/nm2 [7]. When silica is submitted to
a heat treatment, the number of free surface silanol grou
reduced [7].

SiOH groups are positively or negatively charged, acco
ing to the pH. The point of zero charge, pzc, defines the
at which the surface density of positive charges is equa
the surface density of negative charges [8]. The pzc of s
is around pH 2 to 3 [8,9]. The pKa of silanol groups is in the
range from 5 to 7 [10,11].

We may calculate the ionic species present on a bare
surface as a function of pH from the average pKa value of
6 and from the pzc value. These lead to the following eq
tions for the relative density of negative and positive spec

(1)SiOH↔ SiO− + H+, K1 = |SiO−||H+|
|SiOH| = 10−6,

SiOH+
2 ↔ SiO− + 2H+,

(2)K = |SiO−||H+|2
|SiOH+

2 | = 10−2pzc,

(3)SiOH+
2 ↔ SiOH+ H+, K2 = |SiOH||H+|

|SiOH+| = K

K
.

2 1
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Fig. 1. Young’s model for a sessile water drop in the presence of w
vapor (a) or octane (b).

The equilibrium between protonated amine groups
NH+

3 ) and amine groups (R–NH2) is given by

(4)R–NH+
3 ↔ R–NH2 + H+, Ka = |R–NH2||H+|

|R–NH+
3 | .

The value of the equilibrium constantKa may be estimated
as being on the order of the quotedKa value for N -pro-
pylamine, i.e., 5.78× 10−11 (pKa = 10.2). It is known that
amine groups of APTS molecules are positively charged
to pH 10, which is equal to the pKa value [12].

It has been demonstrated that only 30 to 50% of sila
groups may be grafted during silanization reaction [1
Therefore, the chemical groups present on a silica (gl
surface silanized with APTS are likely to be amine grou
and SiOH groups. We will see that our results are in ag
ment with this description.

2.3. Wettability at various pH

The equilibrium contact angle,θ , of a water sessile dro
satisfies Young’s equation,

(5)γSV = γSW + γ cosθ,

whereγSV, γSW, andγ are the solid surface free energy
the solid in presence of the water vapor, the interface
energy between water and the solid, and the water su
tension, respectively (Fig. 1a).

When an ionizable solid surface is in contact with
aqueous solution, it acquires a certain charge because o
sorption or desorption of a certain number of protons [5
The water surface tension can be considered as con
when hydrochloric acid or sodium hydroxide is added
modify the pH [14]. Therefore, when the pH of water
changed, the wetting angle,θ , changes accordingly:

(6)−dγSW = γ d(cosθ).

The surface charge,σ , may be considered as resulting si
ply from the adsorption of protons (H+) if the solid surface
is positively charged and from the adsorption of OH− if
the solid surface is negatively charged [5]. Using the Gi
adsorption equation it can be deduced that

(7)dγSW = −ΓH+RT d ln |H+| = 2.303ΓH+RT d(pH),
-

t

whereΓH+ is the surface excess concentration of proto
The surface charge density,σ , of the water/solid interface i
related toΓH+ by

(8)σ = ΓH+F,

whereF is the Faraday constant. Hence, Eqs. (6)–(8) yie

(9)
d(cosθ)

d(pH)
= −2.303RT σ

Fγ
,

indicating that the change inθ is controlled byσ . Note that
the same Eq. (9) but with the right-hand side of oppo
sign, is obtained for a negatively charged surface, due to
adsorption of OH− groups. At the point of zero charge, pz
σ = 0:

(10)
d(cosθ)

d(pH)
= 0.

Therefore, in the absence of specifically adsorbed ion
maximum inθ or a minimum in cosθ will occur at pzc as
the pH of the water drop is scanned [5,6,14].

2.4. Wettability under octane

To measure the wettability as a function of pH for ba
glass, the substrate was immersed in liquid octane (Fig.
Under these conditions, the contact angle of water in (n
polar) octane is only a function of specific, nondispersive
teractions between water and the substrate. This arises
water and octane having the same dispersive or London
tribution to their surface tension (21.6 mN m−1 for water,
21.3 mN m−1 for octane [15,16]).

Another advantage of measuring wettability of water
an octane medium is that finite values of the contact a
can be obtained with a high-surface-energy substrate.
example, clean glass measured in air does not give a fi
measurable contact angle with water.

As demonstrated in Section 2.3, a maximum inθ or a
minimum in cosθ is expected at pzc when the pH of t
water drop is changed [6,14].

The nondispersive interaction between water and
substrate,Ind

SW, may be deduced from the Young and Dup
equations,

(11)γSO= γSW + γWO cosθ,

(12)γSi = γS + γi − Id
Si − Ind

Si ,

where subscript S represents the solid, and subscript
liquid phase (water, W or octane, O), andθ is the water
contact angle under octane.Id

Si is the solid/liquid dispersive
interaction (the sumId

Si + Ind
SW in Eq. (12) corresponds t

the solid/liquid work of adhesion as expressed in the Du
equation). SinceId

SW ≈ Id
SO andInd

SO = 0, Ind
SW satisfies

(13)Ind
SW ≈ γW − γO + γWO cosθ,

where γW (72.8 mN m−1), γO (21.3 mN m−1), and γWO
(51 mN m−1) are respectively the water and octane surf
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tensions and the water/octane interface tension. The la
not affected by the water pH [14].

From the nondispersive (hydrogen bond) energy of in
actions, at pzc, expressed per unit of interface area,Ind

SW, and
from the molar energy of hydrogen bonds,E, on the order of
24 kJ/mol [17], we can estimate the number,n, of hydrogen
bonds per unit interface area (n ≈ (Ind

SW/E) × 6.02× 1023),
which corresponds to the surface density of hydroxyl gro
on the solid surface.

3. Experimental methods

3.1. Sample preparation

The glass slides have a thickness of 1.1 mm and the
mat of microscope slides (1× 3′′). The bare glass slide
were cleaned by pyrolysis in an oven to burn organic c
tamination. The pyrolyzed samples were held in a g
rack and placed in a glass container covered with alumi
foil and closed with a glass lid. Following removal fro
the oven, the glass samples remained clean for as lon
1 week, provided the lid was not opened. Following open
of the container, the clean glass samples were used w
5 min. The low level of organic contamination was chec
by controlling that water spread fully on glass slides. T
glass substrate was treated with APTS molecules by u
a proprietary process leading to a uniform coating w
thickness on the order of one monolayer. After coat
the glass slides were placed in sealed packaging filled
nitrogen to prevent carbonatation of amine functions fr
carbon dioxide in air. Colloidal gold staining (Colloid
Gold Total Protein Stain, Bio-Rad Laboratories) verifi
uniformity of the surface charge on the coating.

3.2. Determination of the pzc of substrates by
wettability measurements

The surface charge of bare glass and APTS-treated
has been probed by measuring the water contact angle
function of pH.

Contact angle measurements were made using a R
Hart contact angle goniometer. The average water co
angle as a function of pH was obtained from measurem
on five different glass slides of both APTS-coated and
coated glass. Two measurements were made on one s
drop for each pH value and on each slide (10 contact a
measurements per pH value). The water drops had a vo
of 2 µl. Water was purified by ionic exchange (Elgas
UHP), leading to a resistivity of 18 M� cm, followed by
organic removal.

To measure the wettability as a function of pH for b
glass, the substrate was first immersed in octane (oc
> 99%, Aldrich). Water wetting measurements were m
also on APTS-coated glass in air as a function of
Adding HCl or NaOH to water varied the pH of water dro
s

s
a

–
t

le

The pH values were controlled with a pH meter (Basic
Crison).

3.3. Measurement of DNA retention

DNA retention was studied on APTS glass slides w
double-stranded DNA obtained from polymerase chain
action (PCR). The DNA used is the Bacillus subtilis 2 (BS
gene of 1600 base pairs, 10% of molecules being lab
with Cy3 dye to measure the retention by fluorescence.

The DNA molecules, dissolved in a water/ethylene gly
mixture (1: 4 by volume), were printed on APTS glass slid
with a pin spotter in the form of small spots (Cartes
Technologies, dot diameter≈ 250 µm). The pH of the wate
part in the solvent mixture was varied from 1 to 12.

The amount of DNA bound to the substrate was evalu
from the fluorescent intensities of spots measured wi
scanner (Genepix Scanner (Cy3-wavelength,λ = 532 nm)).
Fluorescent intensities were measured before and afte
printed slides were washed with a prehybridization solu
(50 ml of water, 25 ml of formamide, 25 ml of SSC 20
and 0.5 ml of SDS 10X). The printed slides were dried
4 h at 80◦C, before and after rinsing. The DNA retenti
is measured as the ratio of the fluorescent intensities be
and after washing.

4. Results and discussion

4.1. Charge of single-stranded DNA in solution

Considering that in each nucleotide of DNA, the ph
phate group may lead to one negative charge and the b
lead to positive, negative, or neutral charges, a simple
culation of the net average charge per nucleotide as a f
tion of pH is possible. Assuming a probability of presen
of 25% for each base per nucleotide, the average net ch
per nucleotide, C/N, may be estimated as

C/N ≈ − 1

1+ |H+|/Kph
+ 0.25

1

1+ KA/|H+|
+ 0.25

1

1+ KC/|H+| − 0.25
1

1+ |H+|/KT

(14)+ 0.25
|H+|2 − KG1KG2

KG1KG2 − KG1|H+| + |H+|2 ,

whereKph (= 10−1) corresponds to the ionization of pho
phodiester groups andKA, KC, KT, KG1, andKG2, are the
dissociation constants given in Table 1. The resulting ch
as a function of pH is plotted in Fig. 2. Equation (14) pred
that a single strand of DNA becomes negatively charged
tween pH 1 and pH 2. The solid line of Fig. 2 represe
the contribution of phosphate groups, which are negati
charged from pH 0. This line may be considered as re
senting the charge of a double-stranded DNA polymer.
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Fig. 2. Calculated net average charge per nucleotide of a double
single-stranded DNA molecule in solution. The solid line represents
charge of a double-stranded DNA (phosphate groups). The dotted
represents the charge of a single-stranded DNA.

In fact, the presence of phosphates increases all
dissociation constants of the bases by a few tenths of a
unit. This shift is due to the electrostatic attraction betw
the phosphate groups and any positively charged spe
combined with the repulsion between the phosphate gro
and any negatively charged species [3].

Above pH 2, a single strand of DNA may be conside
as negatively charged. This is probably also true for dou
stranded DNA, due to the dominant contribution of ph
phate groups. The molecules may be seen as acidic p
electrolytes.

4.2. Bare glass pzc

Figure 3 shows the variation of the water contact an
in octane as a function of the pH for bare glass. We obs
that the wetting angle is clearly higher at pH 3, indicat
a point of zero charge, pzc, at approximately pH 3. T
pzc for a bare glass surface is close to that for a s
surface [8–12,15]. Therefore, we deduce that the equilibr
constant of silanol protonation (Eq. (3)) is on the order o

We may deduce the ionic species present on bare g
as a function of pH from the equilibrium constants of dis
ciation or protonation of SiOH groups. It may be deduc
that 50% of silanol groups are positively charged at pH
At pH 6, 50% of the silanol groups are negatively charg
Between these two values, the ionization of the sila
groups is weak. The fraction of positively and negativ
charged silanol groups is on the order of 0.1% at pH 3.

The water contact angle in octane may be also use
estimate the density of silanol groups at the glass surf
The number of charged SiOH groups is very limited at
pzc (0.2%) and the contact angle in octane is 19.5◦. We
may consider that nondispersive interaction between w
and the noncharged glass surface,Ind

sw, at pH 3 is primarily
generated by hydrogen bonding. From the nondisper
(hydrogen bonds) energy of interactions expressed
unit of interface area,Ind

sw, and from the molar energ
of hydrogen bonds,E, of 24 kJ/mol, the number,n, of
,

-

.

Fig. 3. Determination of the point of zero charge, pzc, of bare glass

Fig. 4. Determination of the point of zero charge, pzc, of APTS slides
wettability measurements. The maximum of the wetting angle corresp
to the pzc (at pH≈ 7) of the surface.

hydrogen bonds per unit interface area (n ≈ (Ind
sw/E) ×

6.02× 1023) is obtained. This gives about 2.5 silanol grou
per square nanometer on the glass surface. This valu
comparable to the density of silanol groups measured
silica that has been heat-treated at 500◦C [7].

4.3. Pzc of silanized glass

The variation of the water contact angle in air as a fu
tion of the pH of the water drop is presented in Fig. 4. T
maximum of the contact angle on APTS slides is obtai
at pH≈ 7, implying that the pzc of the APTS treated gla
is around pH 7. This result is in perfect agreement with
study of Golub et al. [18] on silica gels modified with APT

We cannot consider that the APTS surface is just a co
of amine functions, since amine functions are positiv
charged up to pH≈ 11. Neutrality of the APTS surface a
pH 7 implies the presence of negatively charged species
SiO− species from SiOH are a probable candidate.

We model the surface charge of an APTS slide by con
ering that it is composed of amine and silanol groups.
number of ionizable surface sites,c, is considered constan
We defineα as the fraction of amine groups and(1 − α) as
the fraction of silanol groups. At the pH corresponding to
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Fig. 5. Parabolic variation of the cosine of the water contact angle on
APTS-treated glass as a function of the pH of the water drop. The solid
represents a parabolic fit of experimental data.

pzc, the densities of positive and negative charges are e

(15)|SiO−| = |SiOH+
2 | + |R–NH+

3 |.
At pH 7, the fraction of positively charged silanol grou
is negligible. Therefore, Eq. (15), when combined w
Eqs. (1) and (4), becomes

(16)|SiO−| = (1− α)c

1+ 10pK1−7 = |R–NH+
3 | = αc

1+ 107−pKa
.

Solving this equation yieldsα = 0.48. This is in good agree
ment with reported studies of APTS on silica [13]. Th
value ofα implies that the surface densities of amine a
silanol groups are about equivalent on APTS-treated g
The amine density on the APTS substrate is therefore o
order of 0.48× 2.5= 1.2 groups per nm2.

The graph in Fig. 5 gives the variation of the cos
of the water contact angle as a function of pH. It appe
qualitatively that the curve has a parabolic shape an
symmetrical about the pzc. This curve is compatible with
constant capacitance model formed by an electrical do
layer.

If the double layer forms a capacitor of capacitanceC

(per unit area), the surface charge satisfies

(17)σ = CV,

whereV is the surface potential. The energy of the capac
E, contributes to the water/solid interface free energy, so
the variation of the interface free energy may be also wri
as

(18)dE = −dγSW = d

(
1

2
CV 2

)
= σ dV.

This is equivalent to the Lippman equation in electrowett
Considering thatV = 0 at pzc, combining Eqs. (6), (7), an
(18) leads to the variation of the cosine of the wetting an
with the pH of water:

cosθ = cosθpzc+ CV 2

2γ

(19)= cosθpzc+ C
(

2.303
RT

)2

(pzc− pH)2.

2γ F
l:

.

Equation (19) justifies the parabolic variation with pH of t
cosine of the wetting angle of water on the APTS-trea
glass. The solid line of Fig. 5 represents the paraboli
of the experimental points.R2, the correlation coefficien
is very close to 1 (0.988). From the constant term of
parabolic fit, it is possible to determine precisely the
of the solid surface as pH 7.3 and the value of the wet
angle at pzc of 57◦. The similarity with electrowetting
becomes evident ifθpzc is considered as equivalent toθV=0
in electrowetting.

Hence, the surface charge of the APTS-treated glass
to the formation of an electrical double-layer, compara
to the Helmholtz double-layer description, when plac
in contact with water. The simple model of a const
capacitor for this double layer is in good agreement with
experimental results. The value of the constant capacit
is found to be equal to 0.13 F/m2. Considering a value o
80 for the water dielectric constant leads to a distancd

between the inner and outer plane of the double laye
5.5 nm (d = ε0εr/C). The pzc at pH 7.3, instead of pH
does not significantly alter the fraction of amine functions
the total ionizable surface sites (0.49 versus 0.48).

4.4. DNA retention as a function of the
proton concentration

The DNA retention, expressed as a fraction of the amo
of DNA retained by the substrate after washing, app
to be strongly dependent on the proton concentratio
the printing solution, as shown in Fig. 6. An increas
DNA retention is observed at the highest proton conc
trations. The four curves correspond to four different AP
slides with four printed DNA dots per proton concentrat
value.

We can deduce that a positively charged substrat
favorable to having a high retention of printed DNA. Th
effect occurs despite the fact that the dry DNA spots are
washed by the same buffer solution.

At high proton concentrations, between 10−1 and 10−2

mol/l, the phosphate groups of DNA are negatively char

Fig. 6. DNA retention as a function of the proton concentration in the D
printing ink.
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(Fig. 2). The silanol groups become positively charg
increasing the net positive charge of the substrate. Thu
is likely that the increase of DNA retention at very hi
proton concentrations is due to ionic interactions betw
negatively charged phosphate groups of DNA and the
itively charged amine and silanol groups of the substrate

Therefore, the DNA printing conditions, and in particu
the proton concentration, have a strong impact on D
retention, even after washing.

5. Conclusion

Wetting experiments performed at various pH reveal
a glass surface treated with APTS is positively char
below pH 7 and negatively charged above pH 7, although
amine groups alone are positively charged up to pH≈ 11.

A simple model allows an estimate of the net surfa
charge of silica or glass treated with APTS. The AP
substrate is positively charged below pH 7 and negativ
charged above pH 7, due to the contribution of amine
free silanol groups. The model indicates that the surf
is composed of about 50% amine groups and 50% sil
functions. This result is in good agreement with the conc
sions of former studies of the adsorption of APTS on
ica [13,18]. The origin of these free silanol groups may
the glass surface or hydrolyzed alkoxy groups of the AP
silane.

A good correlation between the DNA retention da
and the variation of the surface charge of APTS silani
glass has been obtained. The retention of DNA is impro
when DNA spots are printed in acidic conditions, proba
because phosphate groups of DNA are negatively cha
from pH 0 and both the amine functions of APTS and
silanol groups are positively charged at this pH.

This study may be considered as an attempt to desc
the ionic interactions between DNA molecules and functi
alized substrates and their consequences on DNA reten
The subject is quite complex. It is evident that DNA m
interact with the surface via other interactions, as hydrop
bic interactions. However, our results show evidence of
important role played by ionic interactions in the retent
.

of DNA molecules on aminated substrates, such as AP
treated slides.

We have demonstrated that the electrical double la
formed at the interface between water and the APTS-tre
glass is perfectly described by a model of constant ca
itance of the double layer. The electrical behavior of
APTS-treated glass in contact with water is remarkable
it may be used to better control the retention of DNA and
properties of the functionalized substrate.
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