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ABSTRACT 

Surface plasmon resonance is a powerful technique for label-free and real-time characterization 

of molecular interactions at interfaces. However, the detection of small molecules still remains a 

challenge. Here, we report on the direct detection of a low molecular weight compound by its 

receptor presented as a monolayer. Moreover, the signal observed is more than twice the 

expected mass-weighted response. To establish the origin of the signal enhancement, we present 

herein a theoretical model that simulates the maximal SPR response by taking into account the 

aptamer conformational change. We demonstrated that the thickness layer variation is not the 

only parameter to be considered. We highlighted that the conformational transition of the 

aptamer also induces a deviation of the refractive index increment (RII) of the target /aptamer 

complex from the sum of the RII of individual entities. This non-additivity of the RII 

significantly contributes to the magnitude of the signal. We also propose the prediction of the 

maximal SPR response in function of the penetration depth, the ratio of the mass-weighted RII of 

the partners, the sensing layer thickness and the correction of the complex RII. This model 

provides new insights in parameters to be considered for analysis of SPR signals. 

 

INTRODUCTION 

Aptamers are short synthetic oligonucleotides, single-stranded DNA or RNA, which have unique 

three-dimensional structures to bind their targets with high affinity and specificity. Aptamers 

have been selected by SELEX method (Systematic Evolution of Ligands by EXponential 

enrichment) for a wide range of targets from ions to whole cells including small organic 

molecules and proteins.
1, 2

 In comparison with antibodies, aptamers present advantageous 
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properties such as their easy chemical synthetic accessibility, their thermal and chemical 

stabilities. Therefore, aptamers have already found applications in various domains such as 

diagnostics,
3
 therapy

4
 or drug delivery

5, 6
 and have emerged as very attractive candidates for the 

design and development of biosensors especially for low molecular weight (LMW) analytes.
7-9

 

Indeed, LMW molecules represent a class of compounds with high level of interest since it 

includes toxins, environmental pollutants or endocrine disruptors.
10

 

Among the large choice of techniques for studying biomolecular interactions, SPR is a powerful 

tool enabling direct detection of binding events in real time and without labeling step.
11

 Since 

SPR is based on the change of surface refractive index (RI), which is related to the molecular 

weight of the analyte, SPR detection of LMW molecules represents a challenge. The increase of 

the receptor density by its random 3D immobilization onto grafted hydrogels can overcome this 

limitation. In fact, this approach has been seldom employed for aptasensor
12, 13

 while indirect 

strategies of detection are commonly reported. In these indirect assays, the main strategies are 

based on competitive 
14, 15

 or sandwich approaches involving either aptakiss
16, 17

 or split aptamers 

where one subunit is grafted on the sensor and the complementary subunit is linked to metallic 

nanoparticles.
18, 19

 However, it is well known, that due to the exponential decrease of the 

evanescent electric field intensity, the SPR detection is more sensitive for events occurring at a 

short distance from the gold layer surface. This property has been exploited in the present study 

that focuses on the feasibility of SPR direct detection of LMW analytes by a 2D aptamer 

platform. Our work describes as a proof of concept the recognition of L-tyrosinamide (L-Tym, 

MW 180.2 g.mol
-1

) by a 49-mer oligonucleotide aptamer immobilized as an oriented monolayer. 

L-Tym was chosen as model since it is one of the lightest molecular weight molecules for which 

a highly selective aptamer has been selected. A significant SPR signal was observed allowing the 
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possibility to quantitatively evaluate the L-Tym/aptamer interaction. More interestingly, the SPR 

response was almost twice the predicted mass-weighted response.  

To investigate the origin of the signal enhancement, we have developed a theoretical model that 

takes into account the aptamer folding upon recognition. Indeed, the conformation transition of 

the aptamer induces a reduction of the aptamer layer as already demonstrated.
20

 SPR has been 

successfully used for monitoring conformational modification such as the thermal response of 

poly(N-isopropylacrylamide) brushes,
21

 the denaturation and renaturation of self-assembled yeast 

iso-1-cytochrome.
22

, the conformational dynamics of adsorbed poly(acrylic acid),
23

 or proteins 

conformational changes such as  for RNase A and Lysozyme.
24, 25

 However, the use of receptor 

conformational changes for the detection of LMW molecules by SPR has scarcely been reported 

in the literature. An interesting study reported by Pitner et al. 
26

 indicated how the target-induced 

conformational change of a protein allows the detection of LMW molecules with the example of 

maltose binding protein (MBP) and tissue transglutaminase (tTG).
26

 It was demonstrated that 

target binding can trigger a change in the hydrodynamic radius of the receptor, which in turn 

induces a SPR detectable change of the sensing layer refractive index. Negative responses have 

been observed in case of decrease of hydrodynamic radius of MBP upon interaction with maltose 

whereas positive responses have been observed in case of increase of the hydrodynamic radius of 

tTG upon interaction with calcium. In both cases, the variation of the signal induced by maltose 

or calcium exceeded the response expected for a mass-weighted response. In complement, the 

SPR detection of the calcium induced conformational change for four proteins has been in depth 

explored by Koch and coworker.
27-30

 The authors demonstrated that the signal depends on the 

size variation of the protein as well as on variation of its hydration shells. With the theoretical 

model presented here, we proposed to evaluate the contribution of the various physical 
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parameters of the system on the final response. Our model highlights that the reduction of the 

sensing layer thickness is not sufficient to explain the experimental signal and that modification 

of the optical properties of the L-Tym/aptamer complex has to be also considered. To the best of 

our knowledge, this is the first example demonstrating that SPR transduction can be efficiently 

used to detect directly LMW compounds with aptamers immobilized as 2-D platform. Based on 

this example, a theoretical model is proposed to evaluate the contribution of conformational 

transition on the SPR response.  

 

MATERIALS AND METHODS 

 

Chemicals. Tris(hydroxymethyl)aminomethane (Tris), (11-Mercaptoundecyl)tetra(ethylene 

glycol) HS-(CH2)11-EG4-OH, MgCl2, NaCl, L-tyrosinamide and streptavidin, were purchased 

from Sigma-Aldrich. Polyoxyethylene sorbitan monolaurate (Tween 20
®
) was purchased from 

Euromedex, absolute ethanol was purchased from Acros, (11-Mercaptoundecyl)hexa(ethylene 

glycol) biotinamide HS-(CH2)11-EG6-biotin was purchased from Prochimia (Poland). All 

aqueous solutions were prepared by using ultrapure water (Purelab UHQ) filtered (0.2 µm pore 

size). Experiment are performed in Tris buffer (20 mM Tris, 50 mM NaCl, 5 mM MgCl2, 0.05% 

v/v Tween 20
®
, pH=7.5 in water). The oligonucleotides sequences were prepared as previously 

described.
20

 Their sequences are the following:  L-Tym aptamer, 5’AAT TCG CTA GCT GGA 

GCT TGG ATT GAT GTG GTG TGT GAG TGC GGT GCC C X3’, X represents the 3’ biotin 

TEG; random DNA sequence, 5’TGA TCA GAT GAG CGT TCC CAG CAC TTC AGC CGA 

CGA TGC AAC CAG TTT T X3’, X represents the 3’ biotin TEG (for ease of reading, this latter 

sequence is named "Scramble" in the text).  Aliquots of oligonucleotides were dissolved in water 
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and stored at 20°C. Before each measurement, solutions of aptamer or random DNA sequence 

were prepared in Tris buffer, heated at 90°C and cooled overnight at room temperature. 

 

Surface Plasmon Resonance. All SPR measurements were performed at 25°C in a Biacore 

T200 instrument (GE Healthcare). SPR bare gold sensor chips (SIA Kit AU) were from GE 

Healtcare. The gold sensor surface was rinsed with water, dried in a nitrogen gas stream and 

cleaned by 10 min UV-Ozone irradiation (Model 42-220; Jelight Conpany Inc.). The chip was 

then immersed for 15 min in high purity ethanol under stirring and dried in a nitrogen gas stream. 

The cleaned gold surface was then dipped overnight in a thiol solution (90% of 1mM HS-

(CH2)11-EG4-OH and 10% of 1mM HS-(CH2)11-EG6-biotin) in ethanol. The surface was 

carefully cleaned with ethanol and dried with nitrogen. After thiol functionalization, the gold 

sensor chip was mounted inside the instrument and incubated in Tris buffer, used as running 

buffer (RB) in the whole experiment. The flow cells were modified by streptavidin injection (50 

µg.mL
-1

) at a flow rate of 30 µL.min
-1 

during 15 min. Random DNA sequence and aptamer 

solutions were then injected respectively on the reference and active channels at a flow rate of 2 

µL.min
-1 

during 15 min until saturation near 600 RU. L-Tym solutions were successively 

injected for 2 min at a flow rate 30 µL.min
-1

 at concentration of 10, 25, 50, 75, 100, 125, 150, 

200, 300, 400, 500, 600, 700 and 1000 µM. Each L-Tym injection was followed by a 2 min 

running buffer rinsing step. 
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RESULTS 

 

The L-Tym aptamer and a same size random DNA sequence monolayers (see sequences in the 

Materials and Methods part) were formed through streptavidin-biotin interactions. First, the gold 

surface was modified ex-situ by a mixed self-assembled monolayer (SAM) formed by co-

adsorption of two pegylated (PEG) alkane thiols, one exhibiting a biotin terminal group. PEG 

were introduced to shield the surface towards non-specific adsorption while a 10% molar ratio of 

biotinylated thiol was selected to allow the formation of a saturated streptavidin (SA) layer.
31

 

Subsequently, the biotinylated aptamer and the random DNA sequence were anchored, 

respectively, on the sample and reference flow-cell until saturation. Finally, the recognition of L-

Tym by the aptamer monolayer was evaluated by injection of L-Tym solutions at different 

concentrations on both flow-cells. Injection of L-Tym on the reference flow-cell led to square 

profiles (Figure S1A), the equilibrium response being linearly proportional to L-Tym 

concentration (see Figure SIB). Since L-Tym does not interact with the random DNA sequence,
20

 

this result suggests that L-Tym does not show nonspecific interaction with the underneath layer 

as well. Therefore, the signal measured on this reference flow-cell could be attributed 

exclusively to refractive index differences between the running buffer (RB) and injected L-Tym 

solutions that allows determination of the L-Tym RII (  
'

A
dn dc = 0.219 cm

3
.g

-1
). In contrast, 

curved profiles were recorded on the active flow-cell (Figure S2). Upon rinsing with RB, the 

signal returned to baseline meaning that the binding was completely reversible. The SPR signal 

responses related to the L-Tym specific interaction with the aptamer monolayer (figure 1A) were 

thus obtained after subtraction of the signals recorded on the reference flow-cell by applying a 

double referencing procedure.
32

 It should be stressed that despite the LMW of L-Tym, its 
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interaction with the aptamer 2D platform led to an unexpected intense signal that allowed 

determination of the equilibrium dissociation constant of the interaction, Figure 1B. The 

adsorption isotherm was fitted in agreement with the 1:1 interaction mode of this recognition 

system.
33

 The resulting equilibrium dissociation constant was KD=103 ± 5 µM and the maximal 

response Rmax was 17.9 ± 3.0 RU. In a satisfying way, similar values of Rmax and KD were 

obtained from kinetic data (see Figure S3 and Table S1). This KD value is in the same order of 

magnitude as the one previously determined for a similar configuration by QCM-D.
20

 It should 

be also noted that the KD value obtained in our heterogeneous binding assays is higher than KD 

values determined by other technics using homogeneous binding assays.
34,35,36

 This difference 

could be explained by a surface crowding generated by the high concentration of the aptamer on 

the surface which hampers conformational transition that is necessary for the formation of the 

aptamer-target complex . 

 

 

 

Figure 1. A) Double-reference subtracted sensorgrams recorded during the interaction of L-Tym 

(5 µM to 1 mM) with the aptamer monolayer in RB. T= 25°C. Flow rate: 30 µL/min. B) 

Adsorption isotherm (square) and fitting curve (line) using a 1:1 Langmuir interaction model. 

 

Interestingly, the experimental maximal response recorded during the interaction 

(RUAmax=17.9 RU) appears to be higher than the one expected considering the low molecular 
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weight of the target and the 2D presentation of the receptor. Indeed, the predicted response is 

only 7.9 RU according to Wilson formula (eq 1).
37

 

 

 max

'

'

.
.

.

A A
A L L

L L

MW dn dc
R RU V RU V

MW dn dc
     (1) 

Where RAmax is the predicted maximum response, RUL is the amount of aptamer immobilized 

(560 RU), MWA and MWL are respectively the molecular weight of the analyte (L-Tym, 180.2 

g.mol
-1

) and of the immobilized ligand (aptamer, 15 831 g.mol
-1

),  
'

A
dn dc  and  

'

L
dn dc  are the 

mass refractive index increments (RII) for L-Tym (0.219 cm
3
.g

-1
 as calculated above) and for the 

aptamer (0.176 cm
3
.g

-1
) 

38-41
 respectively. '' ).().( LLAA dcdnMWdcdnMW  is the ratio of the 

mass-weighted RII of the analyte versus the ligand (i.e. the ratio of the molar RII, see eqs S1 to 

S4) and V, the Valency i.e. the ratio number of analytes per number of ligands involved in the 

recognition (V=1 in the present system). Upon recognition, the aptamer undergoes a high 

structural rearrangement that triggers the decrease of the aptamer layer thickness from 5.2 nm to 

3.8 nm as characterized by spectroscopic ellipsometry.
20

 The intensity of the SPR signal being 

function of the distance from the surface, this reduction of almost 27% of the sensing layer has 

certainly an impact on the response and is not taken into account by the Wilson formula. To 

enlarge the latter formula, we proposed a new relationship (eq 18) that quantifies the contribution 

of aptamer conformational transition on SPR signal. To this end, we started from the initial 

equations of the SPR signal.
42, 43
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DISCUSSION 

 

General expression of the SPR signal. In Biacore T200 SPR technology, a lens is used to 

focus the incident p-polarized light beam onto the prism base. Within the focus, a variety of 

angles of incidence are covered, ranging a few degrees around the resonance angle  . Due to the 

presence of exponentially decreasing evanescent electric field intensity, SPR is sensitive to the 

effective refractive index of the medium in contact with the gold layer:
42, 43

 

 
0

1
  exp  eff

p
p

zn n z dz
dd


   
 


 

 (2) 

Where n(z) is the refractive index at a distance z perpendicular to the sensor surface and dp is 

the effective penetration depth of the SPR wave.  

Figure 2 depicts schematically the two surfaces corresponding to the reference and the sample 

channel used in the present experiment.  

 

A 
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B 

 

Figure 2. Schematic representation of: A) the reference flow-cell and B) the sample flow-cell. 

For clarity of the scheme, the free (non complexed) unfolded aptamer is presented in an 

elongated conformation, which should not correspond to the reality. d0 and n0 are respectively 

the thickness and the refractive index of the layer composed of the thiolated SAM and the SA. 

Ld , 0
Γ L

 , are respectively the thickness and the surface density of the aptamer layer. Scd , ref
nSc

, 
0

ΓSc  

are respectively the thickness, the refractive index and the surface density of the layer formed by 

the  random DNA sequence. dLA and n1 are respectively the thickness and the refractive index of 

the folded aptamer under interaction with L-Tym. (dL - dLA) and n2 are respectively the thickness 

and the refractive index of the layer formed by the unfolded aptamer. ni is the refractive index of 

the injected solution. 

 

 

 

Upon injection of L-Tym, the thickness of the aptamer layer decreases (figure 2B) whereas the 

one of the random DNA sequence remains unchanged (Figure 2A).
20

 In details, according to L-

Tym concentration and KD, only a part of the aptamer is folded (eqs S12 to S14). The physical 

parameters of the different layer are listed in Table 1. 
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Table 1. Physical parameters involved in the recognition system. 

 Refractive 

index 

(RI) 

Thickness Surface 

density 

Refractive index 

increment (RII) 

Scramble  

 

 
Scd  0

ΓSc   
sc

dn dc  

Aptamer before interaction    dL 0
Γ L

  dn dc
L

 

Free aptamer during interaction  dL 
LΓ   dn dc

L
 

L-Tym/aptamer complex  dLA 
LA   

LA
dn dc  

Sublayer (SAM and SA) n0 d0   

Scramble layer ref
nSc

 
Scd    

Layer 1 n1 dLA   

Layer 2 n2 dL - dLA   

 

 

The SPR response, RA, attributed to the interaction of L-Tym with the aptamer layer is then 

defined as the difference (eq S9) between the effective refractive index of the active flow-cell (

sample

effn , eq S7) and the one of the reference flow-cell (
ref

effn , eq S8). After integration, the response 

is given by eq 3: 

       
0 0 0 0

1 2 1 2  +  

LA L Sc

p p p p

d d d d d d d

d d d dsample ref ref ref

A eff eff Sc i Sc iR n n e n n e n n e n n e n n

  
   

          (3) 

The refractive indexes can be replaced by their expression using De Feijter’s relationship
44

 (eq 

S11) that takes into account the composition of each layer. The reference cell is composed of the 

random DNA sequence so the refractive index of the aptamer layer is: 
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0
ref Sc
sc i

Sc Sc

dn
n n

dc d

 
   

 
  (4) 

The sample cell is composed of free aptamer (L) and of aptamer/L-Tym complex (LA). On the 

sample flow-cell, the refractive indexes of sublayers 1 and 2 are given by eqs 5 and 6 

respectively: 

1
LA L

i

LA LLA L

dn dn
n n

dc d dc d

      
      

    

 (5) 

2
L

i

L L

dn
n n

dc d

 
   

 
  (6) 

LA  and LΓ  are linked by θ , the ratio of aptamer entities in interaction with L-Tym i.e. the 

ratio of aptamer/L-Tym complexes amount versus 
0

LΓ  the total areal density of aptamer 

immobilized (eqs S12 to S14). Introducing θ and 
0

LΓ  in eqs 5 and 6, we obtained eqs 7 and 8. 

  00

1

1   LL
i

LA LLA L

dn dn
n n

dc d dc d

       
      

    

 (7) 

  0

2

1  L

i

L L

dn
n n

dc d

  
   

 
 (8) 

After replacement of the different refractive index (eqs 4, 7 and 8) in eq 3, the response RA can 

be separated in two terms (eq 9), Rstruct (eq 10) and Rint (eq 11). 

 (9) 

0 0 00 00 0L Sc

p p p

d d d d d

d d dSc ScL L
struc

L Sc L scL Sc L Sc

dn dn dn dn
R e e e

dc d dc d dc d dc d

 
               

              
            

    
  (10)

0 0 00 0 0 0

int

   
   

LA L

p p p

d d d d d

d d dL L A L

LA L LA LLA L LA L

dn dn dn dn
R e e e

dc d dc d dc d dc d


 
              

            
          

 (11)  

 

 
intA strucR R R 
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The first term, Rstruc, is independent of  and refers only to the structure of both flow-cells 

before interaction. The second term, Rint, is function of  and  
LA

dn dc , and refers to the 

aptamer/L-Tym interaction. Thanks to a careful adjustment of the reference flow-cell with the 

random DNA sequence, application of a double referencing procedure cancelled the term Rstruc
32

 

and the residual SPR response corresponds to the interaction of L-Tym with the aptamer (Rint) 

(eq 11). 

 

Expression of the maximal SPR response. The maximal response RAmax is obtained when all 

the aptamers on the surface are in interaction with L-Tym i.e. for  = 1 (eq 12).  

 

0 0 0

max

0 0 0 0  
LA L

p p p

d d d d d

d d dL L L L
A

LA L LA LLA L LA L

dn dn dn dn
R e e e

dc d dc d dc d dc d

 
             

           
        

  (12) 

 

Considering the RII of the complex L-Tym/aptamer as the sum of the RII of the individual 

entities (eq S6), and by introducing the folding ratio of aptamer (
LA Ld d  ) in eq 12, the 

influence of the variation of the sensing layer is evidenced (eq 13). 

0 0

max

0 011
1

1
1 .

L

p p p

L L

p p

d dd d d

d d dL L
A

LL L

d d

A

dn dn
e e e e e V

d dc d d
R

c

 

  

           
            

          

 
 (13) 

 

The maximal response can be then estimated in function of the experimental SPR signal 

recorded during the aptamer immobilization (RUL) since the areal molar density of the aptamer (

0L ) is linked to (RUL) through the Jung’s equation (eq S15). The expected SPR signal in the 
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case of modification of layer thickness coupled to the target recognition is thus expressed in eq 

14. 

 
max

1 1
. 1 1

1

L

p

L

p

d

d

A L d

d

e
R RU V

e










 
 

   
  

 (14) 

Based on eq 14, the expected maximal response that takes into account the target binding as well 

as the thickness variation of the aptamer layer is equal to 10.4 RU (with RUL= 560 RU, dp=175 

nm,
43

 dL=5.2nm
20

 and ρ=0.73
20

). While reduction of the sensing layer contributes to the 

amplification of the SPR response, the theoretical response is still below the experimental 

maximal response (17.9 RU). In consequence, we hypothesized that modification of the 

tridimensional structure of the aptamer also induces a RII deviation of the L-Tym/aptamer 

complex from the sum of the RII of individual entities. Indeed, conformational changes of an 

immobilized receptor have an impact on the SPR detection of LMW molecules as seldom 

described in the literature. 
26-30

 In the reported studies, change of the hydrodynamic radius of 

protein and of its hydration shell is defined as the origin of the amplification. In line with our 

hypothesis, an interesting study carried out by backscattering interferometry, recently reported 

by Bornhop et al,
45

 highlights that in recognition systems undergoing significant conformation or 

hydration changes, the RII value of the recognition complex is not equal to the sum of the RII 

values of two initial partners. Since the thickness decrease of the aptamer layer is not enough to 

originate the signal enhancement, we also assume a factor of correction of the refractive index 

increment of the aptamer/L-Tym complex.  

 

Maximal SPR response in the case of thickness modification and of RII deviation. 

Considering a deviation factor for the RII of the analyte/ligand complex, eq 14 is not valid 
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anymore and a correction term has to be included. In consequence, the RII of the L-Tym/aptamer 

complex is expressed as a function of the aptamer one by introducing a correction factor, x (eq 

15). 

correction L

dn dn

dc
x

dc


   
   
   

 (15) 

Where  
correction

dn dc
 is

 
the correction of the L-Tym/aptamer complex RII defined as a 

function of the RII of the aptamer. By adding this correction factor to the sum of the RII of the 

two entities separately considered (eq S6), we obtain eq 16. 

 . 1 .
LA L A correction L A

dn dn dn dn dn dn

dc dc dc dc dc d
V x V

c

           
           
          

   


     (16) 

 

This new expression of the L-Tym/aptamer complex RII is then introduced in eq 12 to obtain a 

new expression of maximal SPR response (eq 17). 

   0 0

max

0 0

1 .
1

1
1 1

L L L

p p p p p

d dd d

L L
A

LL

d

d d d d d

AL

dn dn
e e e e e V

d d

x x
R

c d dc

 

  

           
            

        



 

  
 (17) 

 

Noteworthy, the first term in eq 17 is related to the response generated by the aptamer folding 

and RII correction whereas the second term relies on target recognition. Again, using the Jung 

equation (eq S15), a new expression of the theoretically SPR signal taking into account the target 

recognition, the thickness layer variation and the correction of the L-Tym aptamer RII is 

obtained: 

 
max

1 1
1 1

1

L

p

L

p

d

d

A L d

d

e
R RU V x

e










 
 

     
  

 (18) 
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Based on eq 18 and taking into account the experimental maximal response (

max max
17.9A AR RU RU  ), a variation in the RII of the aptamer equal to 1.48% is calculated 

meaning an RII increase from 0.176 cm
3
.g

-1 
to 0.179 cm

3
.g

-1
. This RII variation is also in 

agreement to the one estimated from SE experiment (4%).
20

 It should be noted that in absence of 

thickness modification (ρ=1) and of RII modification (x=0), eq 18 leads to the initial eq 1. 

Equation 18 is thus applicable to a wide range of recognition system where different 

configuration could be considered. If the recognition layer doesn't undergo a thickness 

modification but requires a RII correction coupled to the target recognition, eq 18 becomes: 

 
maxA LR RU V x    (19) 

In a more general way, our approach could be extended to the prediction of the maximal SPR 

response for systems that undergo conformational transition with or without thickness 

modification and/or with or without RII deviation.  

 

Prediction of SPR response to system undergoing conformation modification. Based on 

equ 18, the impact of the various parameters (dp, ρ dL,  and x) on the maximal SPR response 

upon interaction can be evaluated under the dimensionless ratio RAmax/RUL. For fixed value of ρ, 

the penetration depth dp of the evanescent electric field has low influence on the maximal SPR 

response (Figure 3A) on the 100 to 250 nm range. In the present study, considering dp equals to 

175 nm,
43

 a dp variation of 10 nm induces an insignificant (less than 1%) variation of RAmax/RUL 

ratio (Figure S4).   
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Figure 3. Variation of the RAmax /RUL ratio as a function of A) ρ and dp B) ρ and dL C) ρ and x.  

The parameters are fixed to dp=175nm, dL=5.2 nm, ρ=0.73, = 0.012 and x=0.01369. 
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Interestingly, the RAmax/RUL ratio linearly decreases with ρ whatever is the thickness of the 

initial recognition layer (Figure 3B). However, the slope of this dependence increases with the 

layer thickness. Variation of the layer thickness leads to either significant increase of the 

RAmax/RUL ratio in case of folding or significant decrease in case of elongation of the sensing 

layer. This observation is in concordance with previous work relating the SPR recognition of 

LMW analytes by protein undergoing large conformation change.
26

 It should be noted that this 

negative ratio is also obtained in absence of layer thickness variations simply by considering a 

negative correction of the RII of the recognition complexes as exemplified by Figure 3C. The 

modulation of the signal by x is of crucial importance in our recognition system ( =0.012, 

dL=5.7 nm), e.g. an increase of 2% of the RII of the complex leads to a 5 times enhancement. 

Figure 4 presents the influence of x in line with variation of the ratio of the mass-weighted RII, 

. In the case of high value of , i.e. the recognition of high molecular weight molecule by a 

LMW immobilized one, variations of x remain almost negligible on the RAmax/RUL ratio in 

comparison to the enhancement predicted for increasing values of . However, correction of the 

RII appears to be a critical parameter in the case of recognition of LMW molecules by large 

receptors (<0.5) as shown on Figure 4B (see also Figure S5 for <1). A 10% increase of x 

extends the RAmax/RUL ratio by 20. This enhancement triggered by x correction of the complex 

RII allows analysis of LMW for those a low (or even non measurable) signal is predicted by eq 

1.  
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Figure 4. Variation of the RAmax /RUL ratio in function  and x for A)  ranging from 0 to 100   

B)  ranging from 0 to 0.5.  dp=175nm, dL=5.2 nm, ρ=0.73. 

 

The contribution of the analyte binding on the final receptor structure ( *

targetR ), of the aptamer 

thickness variation (
*

thicknessR ) and of the RII variation (
*

RIIR ) in the experimental maximal SPR 

signal (eqs 21 to 23) could be evidenced by rearrangement of eq 18 in three adimensionless 

terms (eq 20) expressed as a function of the same constant R* (eq 24).  
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With * 1 1

1

L

p
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p

d

d

d

d

e
R

e


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




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   (24) 

 

While *

targetR  and 
*

RIIR are proportional to R*, 
*

thicknessR is a translation of R* of -1. R* varies 

similarly to the RAmax/RUL ratio in function of dL and ρ. However, R* variations are small and 

always positive (from 0.95 % to 1.02 %) in the range of dL (0 to 10 nm) and ρ (0 to 3) considered 

here (Figure S6). The contribution of *

targetR  to the signal is thus always positive. However, the 

contribution of the 
*

RIIR and 
*

thicknessR  could positive or negative, depending on the sign of x and 

depending of the value of ρ (folding or elongation). Thus, contribution of thickness variation or 

RII contribution could influence the SPR signal in similar or opposite directions. In the present 

case (ρ=0.73), 
*

targetR , 
*

RIIR and 
*

thicknessR  are valuated to 45%, 42% and 13 % of the final signal 

respectively. Application of this model allows prediction of the maximal SPR response expected 
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for different kind of system that undergo conformational transition and thus that do not 

conformed to a simple recognition as expressed by eq 1. Indeed, conformation transition are 

widely numerous in biological system and a more general equation taking into account the 

impact of such modification is of relevant interest.  

 

 

CONCLUSION 

 

In this paper, we demonstrate the direct SPR detection of a low molecular weight analyte by its 

receptor presented as a 2-D monolayer. Despite the low density of the receptor, significant SPR 

signals were obtained and quantification of the interaction was performed. The magnitude of the 

experimental signal being more than twice the one expected for a simple mass increase of the 

sensing layer, we further investigated the contribution of conformational transition of the 

aptamer on SPR signals. We propose a theoretical model to simulate the maximal SPR signal in 

order to quantify the contribution of target binding and of the conformation changes onto the 

final response. We highlight that the conformational transition of the aptamer contributes to the 

SPR signal via two phenomena i) a decrease of the sensing layer thickness and ii) a deviation of 

the analyte/receptor complex RII from the sum of the two initial partners RII. In a more general 

way, this model also allows prediction of the SPR signal for 2D recognition platforms and is 

applicable to a wide variety of biological recognition system where a conformation transition 

may occur. We proposed a new equation where the impact of each phenomenon could be 

evaluated: with or without thickness modification and/or with or without RII deviation. This 

approach opens new opportunity for using SPR in the physical chemistry domain. 
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