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ABSTRACT

Surface plasmon resonance (SPR) is a powerful technique to study the interactions of ligands 

with analytes and therefore a number of biosensor surfaces and injection methods have been 

developed so far. However, many experimental parameters can affect the interactions and 

consequently the affinity measurements. In particular the interactions of positively charged 

analytes (often used for anionic nucleic acids targets) can be influenced by the sensing surfaces 

(e.g. negatively charged) leading to significant non-specific interactions as well as regeneration 

problems. The aim of the present work is to investigate the effect of different parameters 

including ionic strength, SPR biosensor (i.e. nature of the surfaces) and the injection method on 

the recognition of porphyrin G-quadruplex ligands. We demonstrate that the injection method 

does not influence the affinity whereas the ionic strength and the nature of the surface impact the 

recognition properties of the porphyrin for the G-quadruplex DNA. We also found that self-

assembled monolayer (SAM) coating surface presents many advantages in comparison with 

carboxymethylated dextran surface for SPR studies of G-quadruplex DNA/ligands interactions: 

i) the electrostatic interaction with charged analytes is less important, ii) its 

structure/composition is less sensitive to the ionic concentration and less prone to unspecific 

adsorption, iii) it is easily home-made and, iv) the cost is approximately 10 times cheaper.

Introduction

The surface plasmon resonance is an optical, label-free technique widely used to study the 

interactions of ligands (including proteins, nucleic acids, sugars and small molecules) with 

analytes. The ligand is immobilized on the surface while the analyte is injected close to the 

surface via a micro-fluidic system. The analyte recognition by the ligand induces a small change 

Page 2 of 23

ACS Paragon Plus Environment

Langmuir

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



3

in the refractive index at the surface/solution interface, which can be quantified with high 

precision. This technique thus allows the direct detection of mass (concentration) variation 

without labeling of the analyte. The variation of the refractive index versus time (sensorgram) 

reflects the kinetic and the equilibrium of the interactions. The sensorgrams fitting provide the 

association and dissociation kinetic constants and the responses obtained at the steady state (Req) 

afford the equilibrium dissociation constant. The SPR technique displays a number of advantages 

including: (i) no need for special radioactive or fluorescent labeling of the molecules, (ii) time 

efficiency, (iii) use of very low quantity of materials, (iv) high sensitivity, and (v) access to a 

variety of commercial surface sensors and the possibility to assemble home-made sensors 

bearing specific chemical functionalities.1 However, the diversity of sensing surfaces and the 

variations of experimental conditions represent serious hurdles for the accurate comparison of 

results with ones previously published. Few studies investigating the influence of those 

parameters on recognition processes during SPR measurements have been reported. Cochran et 

al.2 have found that the affinity values of various ligands for heparin binding proteins obtained 

with different sensor chips (CM5 and CM4 sensor chips coated with a dextran matrix of different 

thickness or C1 sensor chips without the dextran matrix) are similar. On the other hand, Drake et 

al.3 have shown the influence of the dextran matrix (CM5, CM4 and C1 sensors) on the 

interaction between the ectodomain of the antigen (Ag) and immunoglobulin G1 (IgG1). The 

dextran matrix exhibits carboxylic acid functions that are negatively charge above pH about 3.5.4 

When the dextran matrix thickness decreases (i.e. thereby decreasing the amount of negative 

charges on the biosensor surface), the affinity, the kinetic and association constants increase (up 

to a factor of 5) reaching the ones measured in solution. These results could be explained by the 

effects of the negatively charged carboxyl groups of the dextran, which can (i) interact with the 
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IgG1 antibody and thus sterically hinder the formation of the Ag/IgG1 complex and/or (ii) 

impede the complexation of the IgG1 with Ag due to repulsive interactions with the negatively 

charged Ag. Fong et al. 5 also reported the effects of dextran matrix on the binding kinetics 

measurements, and attributed them to steric hindrance and to mass transport perturbation. 

Nevertheless, the dextran matrix has been the most popular sensor surface for SPR experiments 

with all type of biomolecules (proteins, nucleic acids, glycosides, …) regardless of the charge of 

the analytes. Yet, in the context of DNA recognition and in particular with the study of G-

quadruplex (G4) binding ligands, the effects of the nature of SPR surfaces could be dramatic.

G4 secondary structures are formed by G-rich DNA sequences and are now considered 

biologically relevant,6-9 playing a predominant role in the regulation of many fundamental 

cellular processes. In particular, the G4 formation at the end of chromosomes (telomeres) and 

within the promoter region of oncogenes has been found worthy of acute attention as those 

structures are now considered as novel anticancer drug targets. Indeed, several studies have 

shown that the inhibition of the telomerase activity (which is overexpressed in cancer cells) and 

transcriptional repression of oncogenes could be achieved using G4 stabilizing binding ligands.10 

G-quadruplex DNA architecture is a four-stranded structure of stacked guanine tetrads formed by 

the coplanar arrangement of four guanines, and held together by Hoogsteen bonds. Most of the 

ligands developed so far are composed of an aromatic part, which can stack over the terminal 

tetrads, and side chains bearing positive charges for improving the interactions with the 

phosphodiester DNA backbone as well as for increasing water solubility.11-22 (references 20-22 

added) To investigate the interactions of those ligands with G-quadruplex nucleic acids a number 

of methods have been developed including FRET-melting, UV-visible spectrophotometry, 

circular dichroism, NMR and SPR.23-24 It should be noted that the interaction studies performed 

Page 4 of 23

ACS Paragon Plus Environment

Langmuir

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



5

in solution show some limitations due to problems of solubility and aggregation of the G4 

binding ligands under the ionic strength conditions required for the stabilization of G-quadruplex 

DNA.

As aforementioned, a significant number of G4-binding ligands possess positive charges that 

might be able to interact with the carboxyl group of the dextran present on CM5 or on 

Streptavidin-grafted CM5 (CM5-SA) sensors during SPR analyses. To limit such interactions, 

the majority of the analyses were performed with an elevated ionic strength (more than 150 mM 

of salt) and usually with classical titration (multi cycle kinetic, MCK) 20-22, 25-31(references 25-27 

and 31 added)

To the best of our knowledge, the influence of the ionic strength on SPR study of the 

interactions between G4 and their targeting ligands has not been reported. Such study would be 

of particular interest since large salt concentrations are usually required to ensure the formation 

of G4 structures through stabilization of the G-tetrad stacks.

In the past few years, our group has developed an approach termed TASQ (Template Assembled 

Synthetic G-quadruplex) to constrain, using a cyclopeptide scaffold, G-rich sequences to fold 

into a single topology with high thermodynamic stability even in the presence of weak ionic 

strength conditions.28 By using such G4-forming bioconjugates, we have investigated the 

interactions of various families of ligands with different G4 structures including parallel DNA 

and RNA and antiparallel DNA sequences derived from human telomeric sequences and from 

the promoter region of the HIV-1 long terminal repeat (LTR).29, 32-33 In our initial report,29 the 

injection method (MCK) was optimized using a CM5-SA sensor chip and a running buffer with 

350 mM salt. These conditions were experimented with the porphyrin TMPyP4, salophen 

derivatives and quinacridine MMQ1 and MMQ3.28 Unfortunately, these conditions were not 
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6

suitable for the study of some other G4-binding ligands (as the second generation porphyrin)31-33 

(reference 31-33 added). 30This was notably due to the low solubility of the molecules, the poor 

regeneration of the surface and/or the occurrence of unspecific interaction of those molecules 

with the dextran matrix. With the objective to overcome these drawbacks observed with some 

metal porphyrins ligands, we explore herein the optimization of the injection method, the 

influence of the surface and the ionic strength of the buffer.

To circumvent problematic regeneration steps, Single Cycle Kinetic method, named SCK 

method, was used. This method, developed by Karlsson et al., consists in sequential injections of 

the analyte at increasing concentrations without regeneration steps between each injection.34-35 

To avoid unspecific interactions with 3D dextran matrix, 2D self-assembled monolayers on gold 

surfaces were also investigated. It is noteworthy that the use of home-made functionalized gold 

surfaces drastically reduced the cost of experiments (~ 10 times less expensive). These two 

above-listed modifications have been recently implemented as reported by Bonnat et al. for new 

constrained RNA and HIV quadruplex topologies.36-37 Furthermore other experimental 

parameters were varied along the different studies i.e. buffer composition, ionic strength to 

ensure G4 proper folding and/or the solubility of the G4-binding ligands.

To the best of our knowledge, the thorough comparison of the influence of those parameters 

for SPR analysis has not been described with G-quadruplexes. In the present study, we report on 

the SPR comparative analysis of G4 binding-ligands interactions by investigating the influence 

of the buffer ionic strength, the nature of SPR sensor and the injection method. For this study, a 

porphyrin model (meso-tetrakis(4-N-methylpyridiniumyl) porphyrin (TMPyP4)) and its 

metalated Co-TMPy2PP analog have been selected and the interactions with G4-forming DNA 

conjugates 1 and 2 have been studied (Figure 1). One of a major mode of TMPyP4 binding with 
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7

G-quadruplex DNA is  stacking interactions with the external G-quartet.38 Electrostatic 

interactions between the four positive pyridiniumyl substituents and the negatively charged 

phosphate groups of DNA also contribute to increase the binding affinity.38-39

Materials and methods

Ligands and analytes preparations

Biomolecular systems 1 and 2 containing DNA sequences derived from the telomeric region of 

human DNA and which can fold into G-quadruplex were prepared as previously reported.29 

Briefly the systems are composed of i) an intermolecular-like quadruplex 1 formed by the 

tetrastrand assembly of d[TTAGGGT]4, and ii) an intramolecular-like quadruplex 2 formed by 

the sequence d(GGG(TTAGGG)3TT) (Figure 1A). The porphyrins derivatives (Figure 1B) have 

been prepared according to previously reported procedure.31, 40-41
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Figure 1. A/ Biomolecular systems containing different DNA structures: intermolecular parallel-stranded quadruplex 
1, and intramolecular folded quadruplex 2. B/ Structures of G4 binding ligands used in the present study: TMPyP4 
and Co-TMPy2PP. Tos stands for tosylate, biot stands for biotin

SPR surface preparation

HS-(CH2)11-EG4-OH and HS-(CH2)11-EG6-Biotin were purchased from Prochimia and Sigma 

Aldrich, respectively. All other chemical products were purchased from Sigma-Aldrich. For 

simplicity, the terms “thiol-PEG-OH” and “thiol-PEG-Biot” are used to refer to HS-(CH2)11-

EG4-OH and HS-(CH2)11-EG6-Biotin, respectively. Cleaning procedure included UV-ozone 

treatment during 10 min followed by rinsing of gold surfaces with MilliQ water then ethanol. 

Preliminarily cleaned gold surfaces were functionalized according to the following procedure. 
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9

Firstly, mixed self-assembled monolayers were formed at room temperature by dipping 

overnight gold sensors in the mixture of thiols: 90% thiol-PEG-OH and 10% thiol-PEG-Biot (1 

mM total thiol concentration in EtOH). After overnight adsorption of thiols, the gold sensors 

were rinsed with ethanol and dried under nitrogen. Biacore chips were prepared using SAM gold 

surface and inserted in Biacore T200. Streptavidin (50 ng/mL) were immobilized on SAM 

surfaces until saturation (response obtained around 2000 R.U.) by injection on four channels (10 

µL/min). The different G-quadruplexes were immobilized on streptavidin-coated SAM (SAM-

SA) surfaces to obtain a response around 300 R.U. (surfaces saturation). A second surface were 

prepared using CM5-SA sensor chip (streptavidin-coated surfaces) purchased from BIAcore (GE 

Healthcare). The different G4-oligonucleotides were immobilized on streptavidin-coated 

surfaces (CM5-SA sensor chip) to obtain a response around 500 R.U. 

SPR analysis

SPR measurements were performed on a BIAcore T200 (GE Healthcare) operating with 

BIAcore T200 control and evaluation Softwares. All measurements were performed at 25°C 

using a running buffer (HEPES-buffered saline), which was prepared using either10 mM HEPES 

(pH 7.4), 35 mM NaCl, 50 mM KCl, and 0.05% (v/v) surfactant P20 termed RB 85, or 10 mM 

HEPES (pH 7.4), 150 mM NaCl, 200 mM KCl, and 0.05% (v/v) surfactant P20, termed RB 350. 

A non-modified channel was used as reference. Binding experiments were conducted at 30 

µL.min-1 by injection of the ligand (TMPyP4 or Co-TMPy2PP) during 400s on the four channels. 

No regeneration step was required. Curves obtained on the reference surface were subtracted 

from the curves recorded on the other ones, allowing elimination of refractive index changes due 

to buffer effects and correction of non-specific interactions. The data were fitted using a 

heterogeneous ligand model. From the non-linear analysis of the sensorgrams the association rate 
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10

constants, kon1 and kon2, and the dissociation rate constants, koff1 and koff2 as well as the 

theoretical maximal response Rmax1 and Rmax2 for the two interactions were calculated. 

Finally, the equilibrium dissociation constants were calculated from the binding rate constants as 

KD1 = koff1/kon1 and KD2 = koff2/kon2. We report the thermodynamic dissociation constants that 

were consistent between independent experiments and for which the theoretical maximum 

response (Rmax) is consistent with 1:1 interactions. We chose to not report the parameters for the 

second interaction that might involve non-stoichiometric binding and/or non-specific interactions 

(see supporting information). The reported values are the mean of representative independent 

experiments, and the errors provided are standard deviations from the mean.

Results and discussion

To test the influence of experimental variations on the recognition of G-quadruplexes by 

TMPyP4, different parameters were investigated. The first one consisted in analyzing the 

injection method. 

Influence of the injection method (MCK versus SCK)

Two series of experiments were performed to study the influence of the injection method: one 

in multi-cycle kinetic (MCK, sensorgram in Figure 1) and the other in single-cycle kinetic (SCK, 

semsorgrams in Figure 2) on CM5-SA chip in the presence of the high salt concentration RB 350 

(see material and methods). The MCK method consists in the repetition of the following steps for 

each analyte concentration: baseline, association, dissociation, regeneration (if no complete 

dissociation) whereas for the SCK method, the five analyte concentrations are successively 

injected without regeneration steps even if the dissociation is not complete. With the SCK 

method, the dissociation kinetic parameter is determined after the last concentration i.e. at the 
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11

end of the experiment. The concentration range of TMPyP4 analyte was 50 nM to 2000 nM 

(Figures 1 and 2). 
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Figure 1. Multi Cycle Kinetic titration analysis realized on CM5-SA sensor chips using RB 350, 
for the TMPyP4 interaction with A. the intermolecular-like quadruplex 1, and B. the 
intramolecular-like quadruplex 2. The interaction of TMPyP4 with different DNA structures was 
tested at concentrations of 25, 50, 100, 200, 400, 600, 800, 1000, 1500 and 2000 nM. 
Sensorgrams correspond to double substracted data (blank and reference subtraction). 
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Figure 2. Single Cycle Kinetic titration analysis realized on CM5-SA sensor chips using RB 
350, for the TMPyP4 interaction with A. the intermolecular-like quadruplex, B. the 
intramolecular-like quadruplex. The interaction of TMPyP4 with different DNA structures was 
tested at concentrations of 50 nM, 200, 500, 1000 and 2000 nM. Sensorgrams corresponded to 
double substracted data (blank and reference subtraction). Experimental data was plotted in black 
and fitted curves in red.
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Intermolecular 
quadruplex 1

Intramolecular quadruplex 
2

Surface Buffer Injection 
method kon

(M -1s-1)

koff

(s-1)

KD

(nM)

kon

(M -1s-1)

koff

(s-1)

KD

(nM)

MCK 8.9x105 0.12 134±2 1.9x106 0.76 394±3
RB 350

SCK 8.4x105 0.22 259±4 3.8x105 0.18 472±40

MCK 1.7x105 0.14 868±6 1.9x105 0.18 887±10
CM5-SA

RB 85
SCK 3.1x105 0.27 892±33 9.3x104 0.08 849±22

RB 350 SCK 4.0x106 0.15 37±4 9.0x106 0.53 61±5
SAM-SA

RB 85 SCK 6.0x106 0.22 37±2 5.0x106 0.29 58±16

Table 1. Kinetic parameters of TMPyP4 interactions with quadruplex DNA structures 1 and 2 on CM5-SA and 
SAM-SA chips. Analyses were carried out on chips using two injections methods (Single cycle kinetic, SCK and 
multicycle kinetic, MCK) and for two ionic concentrations (RB 350 and RB 85). kon: association rate, koff: 
dissociation rate, and KD: equilibrium dissociation constant deduced from the kinetic rate constants.

The values of equilibrium dissociation constants (KD) of TMPyP4 interactions with quadruplex 

DNA structures 1 and 2 were 134 nM and 394 nM, respectively in RB 350 (Table 1). These 

values are in agreement with previously reported data42-45 and thus demonstrate that TMPyP4 

can be used as a model system to study the influence of the experimental parameters on 

porphyrin/G4-DNA interactions. In Table 1, it can be observed that the KD values obtained for 

both injection methods are concordant at a given ionic strength. This result confirms that the 

SCK method is a viable alternative to reduce the experimental time and paves the way to the 

characterization of problematic G4-binding ligands for which no regeneration step can be 

achieved.46 

Influence of ionic strength (RB 350 versus RB 85)

To evaluate the influence of the ionic strength on the measurement of the affinity we compared 

the use of RB 350 with a lower ionic strength buffer (RB 85). In addition to this effect on charge 
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neutralization, buffer ionic strength may also affect the porphyrin solubility. Indeed, whereas 

porphyrins endowed with charged substituents are readily soluble in water they may undergo 

self-stacking, which is further promoted by increasing ionic strength.47-51 Induced self-stacking 

as the result of binding to DNA may also occur. It is also noteworthy that under low ionic 

strength (RB 85) template-assembled G4 1 and 2 still form stable G4 fold. However, the 

topologies of intramolecular like G-quadruplex 2 being dependent of the ionic nature and 

proportion, K+/Na+ ratio was kept constant.52 The effect of ionic concentration on equilibrium 

dissociation constants was studied on CM5-SA sensors chips with MCK (Figure SI-2) and SCK 

(Figure SI-3) methods (Table 1). 

Equilibrium dissociation constants of each TMPyP4/DNA complexes were found once again 

similar for both injection methods, confirming the validity of SCK method to characterize kinetic 

and thermodynamic parameters of G-quadruplex interactions. However, the TMPyP4 affinity, 

for both G-quadruplexes 1 and 2, diminished when the buffer concentration decreased. These 

results are concordant with the study from Freyer et al.,53 who have shown that the affinity of 

TMPyP4 for G-quadruplex DNA slightly decreases when the KCl concentration increases from 

20 mM to 200 mM. This study also demonstrated, through computaional modeling and ITC investigations, that the electrostatic 

contribution to TMPyP4/G4 DNA affinity was small.

Our results could be explained by the interaction of TMPyP4 with dextran matrix through 

unspecific interaction similar to that previously reported for other biorecognition studies.3, 5 

Indeed, when the ionic strength decreases, the charge screening of the dextran matrix is less 

efficient and consequently the electrostatic interactions between the four positive charges of the 

TMPyP4 analyte and the negative charges of the dextran are favored. This hypothesis is 
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strengthened by the results obtained with SAM-SA sensors for which we observed no difference 

in affinity when lowering the buffer concentration (vide infra).

Influence of the surface (CM5-SA versus SAM-SA)

The research of the most appropriate surface is a key point to allow for a reliable analysis of 

the kinetic parameter of the interactions. As an alternative to dextran, flat surfaces can be coated 

by adequately functionalized self-assembled monolayers. Many approaches exist to form 

functional SAMs onto thin gold SPR films.54 The most widely used approach is based on 

thiolated organic compounds, which spontaneously form self-assembled monolayers on gold 

surfaces. Polymeric layers (i.e. dextran for CM5-SA chip) and self-assembled monolayers 

(SAM-SA) show significant differences.55 In the two-dimensional structure of SAMs, the ligands 

are oriented on the surface in the same direction, whereas polymeric layers depict a three-

dimensional structure, which triggers a randomized orientation of the ligands (see supporting 

information Figure SI-1). Furthermore, it is usually harder for the analytes to diffuse through 3D 

hydrogels than through 2D-SAMs and the kinetics of the interactions can thereby be altered.56 

Despite these differences, several reports show that there is no major difference in binding 

kinetics between SAMs and dextran hydrogel.57-58 Yet, SAMs modified surfaces are generally 

considered better compared to dextran hydrogel for kinetic parameter determination, especially 

when low amounts of immobilized ligand is required and when the level of non-specific binding 

has to be kept to a minimum.59 For SAM, reduction of non-specific binding can be accomplished 

by including compounds such as polyethylene glycol derivatives for the immobilization steps.60

To explore the effect of the surface, we designed SAMs chips with mixed self-assembled 

monolayers of thiol-PEG-OH and thiol-PEG-Biot (in a ratio of 1 to 9), that allow efficient 
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surface saturation with biotin moieties. Such PEG SAMs have also been shown to have an 

excellent stability and good reproducibility, in addition to a decrease of non-specific binding.61-62 

Following the surface saturation by streptavidin, biomolecular systems 1-2 were immobilized 

through biotin-streptavidin interactions. The surface saturation was achieved around a signal 

variation of 300 R.U. According to Jung’s equation (see supporting information),63 the G4 

quantity on SAM-SA is two time less to that obtained on CM5-SA chips (around 500 R.U.), 

justified by the different configuration of the surface (see Figure SI-1).

The affinity measurements for TMPyP4 interaction with both G-quadruplexes 1-2 were 

acquired on these SAM chips in presence of buffer 350 (Figure SI-4) or buffer 85 (Figure SI-5), 

respectively. The other conditions (i.e. concentration range, injection times) were kept identical 

(Table 1).

Unlike with CM5-SA (Table 1), no ionic effect was observed by using SAM-SA chips: the 

binding parameters remained similar for TMPyP4 interaction with each G4 in RB 85 or RB 350 

(Table 1). By using RB 350, it was observed that KD values for the interaction between TMPyP4 

and both G-quadruplexes 1-2 are lower on SAM-SA than on CM5-SA chips (Table 1). This 

difference manifests itself in the variation of the kinetic association constant: a significant 

increase of kon is observed for the interaction of TMPyP4 for both quadruplexes 1 and 2 when 

using SAM-SA chip (8.4x105 M -1s-1 versus 4.0x106 M -1s-1 and 3.8x105 M -1s-1 versus 9.0x106 M -1s-1 

for the interaction with 1 and 2, respectively (Table 1)) whereas the dissociation constant koff 

remains nearly identical for both surfaces. Such effect on kon has been previously described with 

protein/protein and antibody/antigen interaction studied on 2D or 3D matrixes.3, 5 Those results 

have been explained by an easier access of the analytes to the surface bound ligands. Similar 

results were obtained for TMPyP4 with RB 85. 
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Due to self-stacking at high salt concentration, the interaction of the metalated Co-TMPy2PP 

porphyrin with G4 1 and 2 was only carried out at low salt concentration (RB 85). KD values 

were lower when using SAM-SAs versus CM5-SA chip31-32 and we also observed increase in 

association rate with SAM-SAs chip (Table 2). 

Surface Intermolecular quadruplex 1 Intramolecular quadruplex 2

kon

(M -1s-1)

koff

(10-5 s-1)

KD

(nM)

kon

(M -1s-

1)

koff

(10-5s-1)

KD

(nM)

CM5-SA[a] 2.2x103 3.8 17.0 ± 0.4 2.5x103 15.0 60.2 ± 1.9

SAM-SA[b] 2.8x104 9.5 3.4 ± 0.2 7.8x103 11.5 15.0 ± 0.2

Table 2. Kinetic parameters of Co-TMPy2PP interactions with G-quadruplex DNA structures 1 and 2. Analyses 
were performed on SA and SAM chips with a RB 85 using SCK method. kon: association rate, koff: dissociation rate, 
and KD: dissociation equilibrium constant deduced from the kinetic rate constants. [a] KD value from reference 31, [b] 
KD value from reference 32

For both TMPyP4 and Co-TMPy2PP, the better affinity and faster association rate observed on 

SAM-SA surfaces could be attributed to a favorable G4 orientation and/or the absence of 

unspecific electrostatic interactions. Indeed, on SAM-SA sensor, the G-quadruplex recognition 

motifs are oriented toward the top of the surface layer allowing easy access for the analytes 

whereas on CM5-SA chip a random orientation occurs within the depth of the dextran matrix 

with possible steric hindrances. Moreover, on SAM-SA, no charged matrix is present to disturb 

the interaction as already observed by several researchers using charged analytes.3, 5 All together, 

these results show that the homogenous ligand orientation and the absence of charged matrix, 

offered by SAM-SA chip, significantly facilitate the interactions and allow for the reliable 

determination of  kinetic and thermodynamic parameters.

Conclusion
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In this paper, the influence of the experimental conditions (i.e ionic strength, nature of the 

surface, injection method) on SPR analysis of ligand/G-quadruplex DNA interactions was 

investigated by using TMPyP4 as a model G4-binding ligand. We could demonstrate that the 

injection method does not influence the value of the kinetic and thermodynamic constants. 

However, for the two other parameters (i.e. ionic strength and nature of the surface), the 

recognition properties of the porphyrin G4-binding ligands for the G-quadruplex DNA are 

impacted. The affinities decreased with the ionic strength when using CM5-SA chip (i.e. dextran 

surface), whereas on SAM-SA chip, no variation was observed. This can be explained by the 

interaction of the cationic G4-binding ligands with the negative charges of the dextran matrix. 

On the other hand, the affinity was found to be higher on SAM-SA chip due to faster association 

rate, which could be attributed to a more favorable presentation of the G4 on the 2D surface. 

In conclusion, the SAM-SA surface was found to possess advantages over CM5-SA surface 

for SPR studies of G-quadruplex DNA/ligands interactions. First, SAM-SA chips are insensitive 

to ionic strength variation and allow easy access to the analytes. Furthermore, the chips could be 

easily home-made with a cost approximately 10 times lower than that of CM5-SA chips. 
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