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Rapid and Highly Sensitive Detection of Dopamine using Conjugated 

Oxaborole based Polymer and Glycopolymer Systems 

Keren Jiang, Yinan Wang, Garima Thakur, Yohei Kotsuchibashi, Selvaraj Naicker, Ravin Narain*, and 

Thomas Thundat* 

Department of Chemical and Materials Engineering, University of Alberta, Edmonton, Alberta, T6G 

2V4, Canada 

ABSTRACT A conjugated polymer interface consisting of an oxaborole containing polymer and a 

glycopolymer was used for achieving very high selectivity in dopamine (DA) detection. The optimum 

binding affinity between the polymers promotes the selectivity to DA through a displacement 

mechanism while remaining unaffected by other structurally related analogs and saccharide derivatives. 

Real-time detection of DA with very high selectivity and sensitivity has been demonstrated by 

immobilizing the polymer conjugates on surface plasmon resonance (SPR) and microcantilever (MCL) 

sensor platforms. Using the conjugated polymer sensing layer, the SPR biosensor was capable of 

detecting DA in the concentration range of 1×10
-9

 to 1×10
-4

 mol L
-1

 while the MCL sensor showed a 

limit of detection (LOD) of 5×10
-11

 mol L
-1

. We find that the sensing mechanism is based on DA-

induced reversible swelling of the conjugated polymer layer and this allows regeneration and reuse of 

the sensor multiple times. Also, we conclude that SPR is a suitable sensor platform for DA in-line 

detection at clinical level considering the detection time and stability, while MCL can achieve a much 

lower LOD. 

KEYWORDS: Dopamine detection, Selectivity, Oxaborole polymer, Glycopolymer, Microcantilever, 

Surface plasmon resonance  
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Dopamine (DA) is a simple organic chemical in the catecholamine family which plays a critical role in 

the function of the central nervous system (CNS), endocrine system and cardiovascular system. 

Monitoring the concentration level of DA has attracted a great deal of attention since its level can 

indicate various types of diseases, such as Parkinson’s disease, schizophrenia and dementia
1–3

. Much 

effort has been focused on the development of techniques for highly selective and quantitative detection 

of DA. In the past decades, several analytical methods, such as high performance liquid chromatography 

(HPLC)
4
, capillary electrophoresis

5
, fluorescence

6
 and electrochemical methods

7,8
, have been developed 

for DA level monitoring, but they require long sample-preparation time and well-trained operators. 

Novel sensors utilizing field-effect transistor (FET)
9
, nanoparticles

10
 and conducting polymers

9,11
 have 

been developed for DA detection, but they require complicated sensor surface functionalization and lack 

long-term stability.  DA level in biological samples is in the range of 10
-9

 to 10
-5

 mol L
-1

(M), with an 

excess of epinephrine (EPI), ascorbic acid (AA), uric acid (UA) and other compounds
11,12

. Thus, 

development of a real-time detection system for DA that is highly specific and sensitive is still needed. 

Although there are many sensitive sensor platforms, they require selective receptor layers for obtaining 

selectivity in detection. 

 

Boronic acid is well known for its interaction with molecules having a cis-diol configuration to form 

stable cyclic esters
13

. A well-defined block copolymer poly(N-isopropylacrylamide-st-5-

methacrylamido-1,2-benzoxaborole) (P(NIPAAm-st-MAAmBO)) has been synthesized by reversible 

addition-fragmentation chain transfer (RAFT) polymerization by Narain and coworkers
14

. Dopamine, 

due to the nature of the catechol group, was reported to have a binding constant (~18000 K mol
-1

) over 

two orders of magnitude higher than that of the cis-diol containing compounds (~100 K mol
-1

), such as 

glucose, fructose, and mannose etc., toward the boronic groups
15

. However, due to the relatively low 

physiological level of DA as compared to other chemicals such as saccharides
2,16

, a highly-selective 
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sensing layer is needed for DA detection. It has been demonstrated that glycopolymers can form stable 

structure with boroxol containing compounds
14,17

. Due to their structural difference, the binding affinity 

between P(NIPAAm-st-MAAmBO) and glycopolymer (poly(2-lactobionamidoethyl methacrylamide) 

(PLAEMA), which has two cis-diol unit in each side-chain, is estimated to be lower than that of DA, but 

higher than that of monosaccharides
15

. This makes the conjugated P(NIPAAm-st-MAAmBO) and 

PLAEMA layer much less reactive to non-specific saccharides or other structural analogs, leaving only 

DA binding to P(NIPAAm-st-MAAmBO) by the displacing PLAEMA.  

 

In this work, we describe a highly selective interface for DA detection and we demonstrate it in two 

different sensor platforms, namely surface plasmon resonance (SPR) and microcantilevers (MCL). SPR 

is a sensitive technique for fast and label-free detection of chemical and biological analytes
18,19

. 

Microcantilever sensor based on mechanical bending, on the other hand, utilizes changes in surface 

stress due to surface adsorption
20

. However, both the SPR and the MCL sensors require functional 

coatings for obtaining selectivity in sensing. With functionalized sensing layers, both sensor platforms 

have been utilized for sensing and diagnosing applications in solution environments that include whole 

cell recognition, protein interaction, glucose sensing, heavy metal detection, etc.
21–23

. The conjugated 

polymer layer consisted of P(NIPAAm149-st-MAAmBO19) (MAAmBO content: 12 mol%, Mn: 13200 g 

mol
-1

, Mw/Mn=1.27) and P(LAEMA21) (Mn: 10000 g mol
-1

, Mw/Mn=1.1)
14

. In addition to the DA 

detection in buffer solutions, this conjugated polymer layer is evaluated for specificity in the presence of 

cross-reacting analytes such as saccharides, EPI, AA and UA. We have investigated the selectivity, 

sensitivity, and the polymer layer swelling of this conjugated polymer system. The possible regeneration 

of the polymer interface has also been evaluated.  
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The gold-coated SPR and MCL sensor chips were carefully cleaned using piranha solution (H2SO4 and 

H2O2, 3:1 in volume) and rinsed by aliquots of water and ethanol and dried by nitrogen before any 

surface functionalization process. The polymer functionalization was performed in a three-step method. 

First, P(NIPAAm149-st-MAAmBO19) was immobilized to the gold-coated surface of the sensor for 

forming a self-assembled monolayer (SAM) via thiol-Au covalent bond through the dithioester group at 

the polymer terminal. The second layer of P(LAEMA21) was conjugated to the sensor substrate by the 

oxaborole-diol interaction as described previously. After rinsing with PBS, the chip was treated with 

thiolated poly(ethylene glycol) (PEG) to block any uncovered gold surface in order to avoid non-

specific adsorption. A PEG functionalized chip was used as a reference to eliminating noise and other 

systematic errors (by common mode rejection). SPR reflection angle was measured by Navi 200 

instrument (BioNavis, Finland) and the mechanical bending of microcantilevers was measured by 

means of a multiplexed optical beam deflection setup. SPR sensorgram and MCL deflection signals 

monitored as a function of time during the injection of DA samples. 
11

B NMR was performed to 

confirm the DA displacement reaction with P(NIPAAm149-st-MAAmBO19) and P(LAEMA21) 

conjugates. The topography of the conjugated polymer functionalized chip before and after DA 

injections was acquired using an atomic force microscopy (AFM) for investigating surface morphology 

evolution due to adsorption.   

 

Figure 1 shows the DA detection mechanism using the covalent interaction between DA and 

P(NIPAAm149-st-MAAmBO19) on both SPR and MCL sensor platforms. The structures and schematics 

of the polymers and DA are listed in Figure 1A. The reaction process is briefly described in Figure 1B 

where the DA binding to P(NIPAAm149-st-MAAmBO19) resulting in the displacement of the previously 

conjugated P(LAEMA21). The DA displacement swells the P(NIPAAm149-st-MAAmBO19) on the SPR 

sensor surface changing the local refractive index and the reflection angle. The increase in the reflection 
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angle is measured as the sensorgram change for quantitative analysis (Figure 1C, see detailed 

information in Supporting Information). Similar experiments were also carried out with functionalized 

MCL sensors with repeated injections with DA. The displacement of P(LAEMA21) by DA results in 

surface stress variation, which causes the microcantilever to bend (Figure 1D).    

 

Figure 2 shows the experimental arrangement and the results for DA detection using cantilever arrays. A 

microcantilever array with 8 cantilevers was functionalized using capillary tubes, where the Group I was 

functionalized with P(NIPAAm149-st-MAAmBO19) only and the group III was functionalized with 

conjugated P(NIPAAm149-st-MAAmBO19) and P(LAEMA21). The cantilevers in the Group II were 

functionalized with PEG and served as reference cantilevers. The functionalized MCL array was 

mounted in a flowcell with a constant PBS flow of 5 mL h
-1

. DA sample with a concentration of 5 nM 

was injected into the flow without changing the flow rate, followed by PBS rinsing. As shown in Figure 

2B, the PEG functionalized group had negligible responses to DA injection while the bending signal of 

other groups of microcantilevers built up over time. After about 3000 seconds, the bending of the 

conjugated polymer and P(NIPAAm149-st-MAAmBO19) functionalized microcantilevers reached a 

steady state of about 95 nm and 140 nm (correspond to surface stress differential of 27 mN m
-1

 and 40 

mN m
-1

) respectively. An increase in the deflection indicates an increase in the surface stress on the 

polymer functionalized surface, which suggests the DA binding swells the polymers
24,25

. However, 

deflection change of the conjugated P(NIPAAm149-st-MAAmBO19) and P(LAEMA21) functionalized 

cantilevers is slightly less than that of P(NIPAAm149-st-MAAmBO19) functionalized ones. This is 

possibly due to the pre-conjugated P(LAEMA21) swelling the P(NIPAAm149-st-MAAmBO19) before the 

DA was injected. Thus, when the DA displaced the P(LAEMA21), the swelling effect was less intense. 

Since the binding affinity between P(NIPAAm149-st-MAAmBO19) and P(LAEMA21) is a critical factor 
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for achieving enhanced selectivity of the sensor, slightly reduced sensitivity (due to reduced swelling) is 

acceptable.  

 

The sensitivity and the limit of detection (LOD) of the polymer assisted MCL sensors were determined 

by injecting DA samples with various concentrations following the similar protocol described above. 

Freshly functionalized MCL sensors were used for each DA sample injections. From Figure 2C, it is 

clear that as DA concentration increased from 50 pM to 50 nM, microcantilever deflection change 

increased from 15 nm to 240 nm. Since the average noise level was ~5 nm, the LOD (for S/N≈3) of 

microcantilever sensor can be estimated as two orders of magnitude lower than the physiologically 

relevant level
11

. The P(NIPAAm149-st-MAAmBO19) swelling is enhanced with increasing DA 

concentration. A typical detection time for the MCL sensor is 5000 seconds under the test condition, 

which can be further adjusted by applying different flow rates.  Figure 2D shows the variation of 

adsorption rate (k) as a function of different DA concentrations. For DA concentration increase from 50 

pM to 5 nM, the adsorption rate showed an increase from 0.3×10
-3

 s
-1

 to 1.1×10
-3

 s
-1

. This increase in 

the adsorption rate may be due to the availability of the multiple oxaborole units in the P(NIPAAm149-

st-MAAmBO19) polymer chain as binding sites. However, for 50 nM DA injection, the adsorption rate 

decreases, which may be due to the saturation of the binding sites on the microcantilever surface.   

 

Figure 3 shows the sensitivity and dynamic range of the functionalized SPR sensor. Since the lowest 

DA concentration in physiological samples is around 10
-9

 M (1 nM), the sensitivity and resolution of the 

polymer functionalized SPR sensor was determined at nanomolar range. The injection of 1 nM DA 

generated 5.3 millidegree increase in sensorgram and the equilibrium was reached at about 800 seconds 

after injection. The sensorgram evolution with the DA concentration is demonstrated in Figure 3A. For 

each DA sample injection from 1 to 10 nM, the corresponding sensorgram change is 5 millidegree 
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(S/N≈5). The relation between the DA concentration (1 to 10 nM) and the sensorgram change is shown 

in Figure 3B. Thus, from 1 to 10 nM, the sensorgram exhibits a linear relation with DA concentration 

with a LOD of 1 nM.  

 

The DA adsorption rate (k) also varies with the DA concentration. As the concentration changes from 1 

to 10 nM, the adsorption rate (k) increases from 1.1×10
-3

 s
-1

 to 6.5×10
-3

 s
-1

 (Figure 3C). As indicated 

previously, the increased adsorption rate with increasing DA concentration can be due to the availability 

of the multiple binding sites on the P(NIPAAm149-st-MAAmBO19) chain. Interestingly, the adsorption 

rate of the SPR sensor is higher than that of the microcantilever sensor, which leads to a reduced 

detection time. The increasing adsorption rate for 1 to 10 nM of DA also suggests that the DA 

concentration can be measured accurately in this range.  

 

The dynamic range of the polymer functionalized SPR sensor was determined by injecting DA samples 

from 10
-9

 to 10
-4

 M. As shown in Figure 3D, the sensorgram increases up to 300 times from 5 

millidegrees to over 1.3 degrees while the DA concentration increases five orders of magnitude. It 

demonstrates that the polymer functionalized SPR sensor has a broad working range for DA detection. 

In contrast, the sensorgram of PEG functionalized blank reference chip does not change significantly 

with DA concentration. However, with higher DA concentration, the resolution of the conjugated 

polymer functionalized sensor decreases as shown in Figure 3D. The decrease in resolution can be 

attributed to the saturation of the binding sites. DA binds onto the sensor surface through a displacement 

reaction with pre-conjugated P(LAEMA21). However, the conjugated DA will affect the orientation of 

P(NIPAAm149-st-MAAmBO19) which leads to the inhibition of the further DA adsorption. Also, when 

the injected DA samples are concentrated enough, there are not enough binding sites for the excess DA 

molecules; thus the sensor resolution decreases.  
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The capability of distinguishing the target analyte of clinical samples is usually the major challenge for 

developing biosensors. The selectivity of the conjugated polymer sensing layer was investigated by 

comparing sensorgram variation caused by different injections with 5 nM DA, glucose, AA and UA 

samples using SPR sensors functionalized with conjugated P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21); P(NIPAAm149-st-MAAmBO19) only and PEG as blank control. Recognition tests were 

performed using EPI, AA and UA as the structural analogs and different monosaccharides (glucose, 

fructose, and mannose) as other potential co-existing molecules with diols of equal or higher 

concentrations of 5, 50 and 500 nM. 

 

The selectivity of the sensor was attributed by the conjugated P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21) layer as stated previously. As demonstrated in Figure 4A, PEG functionalized sensor was 

almost inert to any sample injections. The P(NIPAAm149-st-MAAmBO19) showed significant response 

to 5 nM DA injection and a much lower response to AA or UA injections, but it failed to distinguish the 

glucose sample from DA. In contrast, the conjugated polymer layer has little response to glucose 

injection due to the estimated higher binding constant between P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21) than that between P(NIPAAm149-st-MAAmBO19) and glucose. On average, one 

P(LAEMA21) molecule has two cis-diol units on the each side chain which lead to a higher binding 

constant to  P(NIPAAm149-st-MAAmBO19) than that of glucose.  According to previous studies of 

binding constant
15

, the maximum estimated binding constant is lower than that of DA. As compared to 

molecules with aliphatic hydroxyls, the aromatic hydroxyls from DA molecules can form more stable 

cyclic-esters with oxaborole groups. In addition, the aromatic groups in DA can further stabilize the 

cyclic-ester structure. Thus, the conjugated polymer functionalized sensor is selective to DA only. 

However, the conjugated polymers and P(NIPAAm149-st-MAAmBO19) functionalized SPR chips 

showed similar response with 5 nM DA sample, which is due to the similar level of thickness and 
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surface roughness change caused by DA binding. This effect was further confirmed by AFM 

topography and surface roughness study. In addition, 5 nM DA did not saturate the SPR sensor surface, 

which also lead to similar sensorgram response.  

 

It can be found in Figure 4B that sensorgram of DA slightly increases with the added saccharides. 

Fructose, which has the highest binding constant (~4000 K mol
-1

) to boronic groups among the 

monosaccharides
15

, introduced the largest sensorgram increase of about 11% when 500 nM of fructose 

was added. Due to the fact that the conjugated P(LAEMA21) has a higher binding affinity than the free 

monosaccharides, the displacement reaction happens when DA presented.  Thus, the conjugated 

polymer functionalized sensor is capable of recognizing DA with coexisting saccharides. As illustrated 

in Figure 4C, the coexisting compounds UA and AA do not affect the detection at 100 times higher 

concentration than that of DA in the injected sample mixtures. This demonstrates that the sensor is 

highly selective to DA over UA or AA. However, with 10 times and 100 times concentrated EPI mixed 

in DA samples, the sensorgram level increased to about 15% and 40%. This effect of EPI was due to the 

structural similarity of the DA and EPI. Both molecules belong to catecholamine family (with catechol 

groups), which make them able to form covalent bonds with oxaborole groups on P(NIPAAm149-st-

MAAmBO19) and displace P(LAEMA21) from the conjugated polymer. It can be inferred that other 

molecules in catecholamine family (e.g. norepinephrine, NE) or large molecules (e.g. glycoproteins) can 

also interfere the detection results. Yet, comparing with other DA sensors
10,11

, this polymer 

functionalized SPR sensor has demonstrated high DA selectivity at nanomolar range.      

 

The mechanism of signal generation, changes in surface stress and refractive index, is attributed to DA 

binding induced swelling. We have carried out 
11

B NMR to characterize the DA displacement reaction. 

Previous studies of 
11

B NMR showed the 
11

B chemical shift peak move to lower field when electron-
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withdrawing groups bound to boronic acid
26

. As illustrated in Figure S1, P(NIPAAm149-st-MAAmBO19) 

revealed a single 
11

B peak at 19.5 ppm. Upon addition of P(LAEMA21) to the solution, two small peaks 

at 10.9 ppm and 10.5 ppm were observed, indicating the binding between P(NIPAAm149-st-

MAAmBO19) and P(LAEMA21). Furthermore, when DA was added into the solution, the two peaks at 

10.5 and 10.9 ppm disappeared and a new signal peak was observed at 7.9 ppm, which indicated the 

binding of DA to P(NIPAAm149-st-MAAmBO19) by displacing P(LAEMA21). In comparison to the 

P(LAEMA21), DA, with a catechol group and its aromatic nature, shifted the 
11

B peak to the lower field. 

It can be inferred that oxaborole group forms a far more stable cyclic-ester with the catechol group than 

with oriented cis-diols. Thus, DA can displace the conjugated P(LAEMA21) while the other compounds 

like saccharides, AA and UA can only bind to a minimum extent. 

 

We have also used AFM for characterizing the changes in the surface morphology of polymer layer due 

to DA adsorption. A FastScan C probe with a spring constant of 0.8 N m
-1

 was used for imaging. From 

comparing the topography of an SPR chip before and after conjugated polymer immobilization (Figure 

S2A and S2B), it can be concluded that during immobilization, irregularly shaped aggregates of 20 nm 

thickness formed on the gold-coated SPR sensor chip. Figure S2C shows that, after the 5 nM DA 

injection, the polymer layer thickness increased to 25 nm, indicating the swelling of P(NIPAAm149-st-

MAAmBO19) due to DA binding. Also, the surface roughness increases from 4.8 to 5.2 nm after the DA 

displaced the P(LAEMA21), which is also due to the swelling after DA binding. The 25 % swelling of 

the polymer layer thickness increases the local refractive index. In addition, the swelling of 

P(NIPAAm149-st-MAAmBO19) enhances the interaction between gold surface and PBS medium, 

resulting in an increase in the local refractive index. As a result, SPR sensorgram shifts due to DA 

binding to P(NIPAAm149-st-MAAmBO19) and resultant displacement of P(LAEMA21). In contrast, the 

SPR chip with only P(NIPAAm149-st-MAAmBO19) yields a 28-nm-thick polymer layer, and after DA 
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binding it increases to about 35 nm with a roughness increase from 5.5 to 6.8 nm (Figure S2D and S2E). 

Both polymer functionalized sensing layer has a comparable thickness with typical synaptic cleft 

distance (20-40 nm)
27

, which makes it ideal for DA fast-scan detection. This result also confirms the 

previous selectivity test such that, with only P(NIPAAm149-st-MAAmBO19) on the surface, the initial 

polymer thickness and roughness are larger than that with conjugated polymers indicating the binding of 

P(LAEMA21) increased the total coverage on the gold surface. On the other hand, the thickness and 

roughness variation of the conjugated polymer is less than that of the P(NIPAAm149-st-MAAmBO19) 

but only slightly. Thus, the SPR sensorgram response from the conjugated polymer functionalized chip 

is lower than that of P(NIPAAm149-st-MAAmBO19) functionalized one. 

 

Compared with previously reported DA detection methods, the conjugated polymer functionalized MCL 

and SPR sensors have at least one order of magnitude improvement in LOD for DA detection
28,29

. In 

addition, the conjugated polymer functionalized sensors also have a relatively simpler preparation 

procedure without incorporating enzymes or other bio-componants
9,30

. The high sensitivity and 

selectivity of the presented sensor systems are due to the combined advantages of optimum binding 

affinity between P(LAEMA21) and P(NIPAAm149-st-MAAmBO19), the DA displacement binding 

reaction, and the sensitivity of MCL and SPR sensor platforms. Compared to MCL sensor results, the 

SPR sensor does not achieve sub-nanomolar detection limit. However, the measured LOD at the 

nanomolar range is ideal for clinical detection. With the sensors as tested, the SPR sensor shows much-

reduced detection time than the MCL sensor which is an advantage in potential clinical applications.  

Compared with other DA detection methods
31

, the conjugated polymer system offers a much simplified 

and compact sensor setup. Also, with a much faster detection and in real-time, in-line detection is 

possible. Usually, surface functionalization is one of the major limits for most of the surface related 

sensing techniques. However, this conjugated polymer system synthesized by RAFT method allowed 
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the easy formation of self-assembled layer on gold coated sensor surface via the Au-thiol interactions. 

As shown by both MCL and SPR sensors, this conjugated polymer system can potentially be used in 

other sensor platforms.   

 

In this study, we also take the advantage of the reversible covalent interaction between diols and 

oxaborole groups to design potential reusable biosensors. A surface regeneration procedure was 

performed by washing with pH 4 PBS, and followed by the re-conjugation of P(LAEMA21)
14,17

. The 

sensor regeneration was tested over 5 times and evaluated using 5 nM DA sample. The sensorgram 

signal showed less than 10% decrease after 5 regeneration cycles, but it still showed reliable and 

reproducible results (Figure 5A).  

 

The sensor stability was also evaluated for over 2 weeks under ambient condition. From day 1 to 15, the 

sensorgram change representing 5 nM DA injections decreased about 10% (Figure 5B). It can be 

concluded that the polymer functionalized sensor is stable for at least 2 weeks.  Comparing with 

methods using specific DA receptors
9
, the conjugated polymer system provides much improved 

stability.   

 

In summary, a conjugated polymer layer consisting of P(NIPAAm149-st-MAAmBO19) and P(LAEMA21) 

was designed for real-time detection of dopamine with high selectivity, sensitivity and broad dynamic 

range. Sensing performance of the conjugated polymer was evaluated using MCL and SPR sensor 

platforms. The SPR sensor achieved a fast response time and a wide dynamic range from 10
-9

 to 10
-4

 M 

with a limit of detection of 1 nM, while the LOD for the MCL was 50 pM. Due to the optimum binding 

affinity between P(NIPAAm149-st-MAAmBO19) and P(LAEMA21), this conjugated polymer sensing 

layer showed high selectivity to dopamine but little cross-reactivity to coexisting compounds like 
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ascorbic acid, uric acid and saccharides. In addition, the sensing layer could be regenerated and reused 

for multiple times and was stable over 2 weeks at ambient conditions. Future studies will focus on real 

clinical sample selectivity and reliability test. This conjugated polymer system could be exploited as a 

unique method for DA detection clinically. 
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Figure 1. Polymer structures, binding of dopamine to oxaborole residues, SPR and MCL 

sensor platforms. A: Structures of the P(NIPAAm149-st-MAAmBO19), P(LAEMA21) and DA; 

B: a brief equation showing the adsorption-displacement reaction on the sensor surface; C: 

Schematics illustrating light reflection angle change due to the surface plasmon resonance 

change caused by selective adsorption of molecules on gold surface; D: microcantilever 

deflection change due to DA displacement on conjugated polymer surface. 
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Figure 2. Microcantilever sensor array was used to monitor the polymer swelling with DA binding. 

A: schematic showing the MCL array functionalized with 3 different polymer layers, I: 

P(NIPAAm149-st-MAAmBO19) layer; II: PEG layer as blank reference; III: P(NIPAAm149-st-

MAAmBO19) and P(LAEMA21) conjugated layer; B: MCL bending with 5 nM DA injection: 

P(NIPAAm149-st-MAAmBO19) and P(LAEMA21) functionalized microcantilevers have an average 

bending of 95 nm while P(NIPAAm149-st-MAAmBO19) functionalized beams bend 140 nm, 

indicating a larger amount of swelling. However, the binding affinity between P(NIPAAm149-st-

MAAmBO19) and P(LAEMA21) is one crucial factor of the sensor selectivity; C: MCL bending 

deflection increase with injected DA concentration from 50 pM to 50 nM from 15 nm to 240 nm; D: 

the binding constant (k) increases from 50 pM to 5 nM indicating a faster displacement reaction 

with increased DA concentrations, but a decrease of 50 nM sample suggests the saturation of the 

sensor surface.    
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Figure 3. Sensitivity and working range of the P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21) functionalized SPR sensor. A: SPR sensorgram increase from 5 to 50 

millidegree with DA concentration from 1 to 10 nM; B: from 1 to 10 nM, the sensorgram-

concentration presented a linear relationship; C: the DA adsorption rate increase from 1 to 10 

nM due to the reaction kinetics; D: SPR sensorgram increase from 0.005° to ~1.4° over 5 

folds of DA concentration with the conjugated polymer functionalized sensor(red) while the 

sensorgram remained identical with PEG functionalized sensor(green); and resolution of the 

functionalized SPR sensor decrease with the DA concentration.   
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Figure 4.  Selectivity and recognition test for the polymer assisted SPR sensor. A: 

selectivity of polymer sensing layer: with P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21) functionalization, the sensor is selective to DA only; with only 

P(NIPAAm149-st-MAAmBO19), the sensing layer does not show any selectivity to DA; 

B: DA with monosaccharides; C: DA with other potential co-existed molecules and 

structural analogs. The functionalized polymer assay showed higher affinity toward 

DA than the saccharides, AA and UA, however, EPI interfered the sensorgram due to 

the structural similarity. All the tests are based on DA concentration of 5 nM.  
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Figure 5. Sensor regeneration and stability test with 5 nM DA injections. A: SPR 

sensorgram signal reduced less than 10% after 5 times regeneration; B: the 

functionalized sensor remained 95% sensorgram signal within 5 days after surface 

functionalization and 90% after 15 days.   

Page 21 of 28

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

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



22 

 

TOC 

 

Page 22 of 28

ACS Paragon Plus Environment

ACS Applied Materials & Interfaces

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



1 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Polymer structures, binding of dopamine to oxaborole residues, SPR and MCL 

sensor platforms. A: Structures of the P(NIPAAm149-st-MAAmBO19), P(LAEMA21) and DA; 

B: a brief equation showing the adsorption-displacement reaction on the sensor surface; C: 

Schematics illustrating light reflection angle change due to the surface plasmon resonance 

change caused by selective adsorption of molecules on gold surface; D: microcantilever 

deflection change due to DA displacement on conjugated polymer surface. 
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Figure 2. Microcantilever sensor array was used to monitor the polymer swelling with DA binding. 

A: schematic showing the MCL array functionalized with 3 different polymer layers, I: 

P(NIPAAm149-st-MAAmBO19) layer; II: PEG layer as blank reference; III: P(NIPAAm149-st-

MAAmBO19) and P(LAEMA21) conjugated layer; B: MCL bending with 5 nM DA injection: 

P(NIPAAm149-st-MAAmBO19) and P(LAEMA21) functionalized microcantilevers have an average 

bending of 95 nm while P(NIPAAm149-st-MAAmBO19) functionalized beams bend 140 nm, 

indicating a larger amount of swelling. However, the binding affinity between P(NIPAAm149-st-

MAAmBO19) and P(LAEMA21) is one crucial factor of the sensor selectivity; C: MCL bending 

deflection increase with injected DA concentration from 50 pM to 50 nM from 15 nm to 240 nm; D: 

the binding constant (k) increases from 50 pM to 5 nM indicating a faster displacement reaction with 

increased DA concentrations, but a decrease of 50 nM sample suggests the saturation of the sensor 

surface.    
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Figure 3. Sensitivity and working range of the P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21) functionalized SPR sensor. A: SPR sensorgram increase from 5 to 50 

millidegree with DA concentration from 1 to 10 nM; B: from 1 to 10 nM, the sensorgram-

concentration presented a linear relationship; C: the DA adsorption rate increase from 1 to 10 

nM due to the reaction kinetics; D: SPR sensorgram increase from 0.005° to ~1.4° over 5 

folds of DA concentration with the conjugated polymer functionalized sensor(red) while the 

sensorgram remained identical with PEG functionalized sensor(green); and resolution of the 

functionalized SPR sensor decrease with the DA concentration.   
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Figure 4.  Selectivity and recognition test for the polymer assisted SPR sensor. A: 

selectivity of polymer sensing layer: with P(NIPAAm149-st-MAAmBO19) and 

P(LAEMA21) functionalization, the sensor is selective to DA only; with only 

P(NIPAAm149-st-MAAmBO19), the sensing layer does not show any selectivity to DA; 

B: DA with monosaccharides; C: DA with other potential co-existed molecules and 

structural analogs. The functionalized polymer assay showed higher affinity toward 

DA than the saccharides, AA and UA, however, EPI interfered the sensorgram due to 

the structural similarity. All the tests are based on DA concentration of 5 nM.  
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Figure 5. Sensor regeneration and stability test with 5 nM DA injections. A: SPR 

sensorgram signal reduced less than 10% after 5 times regeneration; B: the 

functionalized sensor remained 95% sensorgram signal within 5 days after surface 

functionalization and 90% after 15 days.   
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