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Abstract 

A dual pH and glucose responsive boronic acid containing nanofiber has been constructed for the 

reversible capture and release of lectins. The effects of surface groups and pH values on selective 

lectin capture have been investigated by fluorescence microscopy. Compared to the pristine 

nanofibrous membrane, glucose and galactose functionalized nanofiber surfaces showed 

significantly higher capture of ConA and Jacalin, under alkaline conditions. On the other hand, 

treatment of the modified nanofibers with acidic solution resulted in the detachment of both the 

lectins and the glycopolymers from the nanofiber surface. As expected, once the glycopolymers 

are displaced, no lectins were adhered to the nanofiber surface under alkaline conditions. These 

functional nanofibers can therefore be easily modified and hence can be used for the quick 

removal of selective proteins or toxins from solution.  

Keywords: Electrospinning, 3-acrylamidophenylboronic acid, photochemical crosslink, 

carbohydrate-lectin interactions 
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1. Introduction  

Over the past decades, nanofibers of various polymers or inorganic materials with diameters 

ranged from a few tens of nanometers to a few micrometers have been produced by the relatively 

simple and low-cost electrospinning technique.
1
 The obtained nanofibrous mats have shown 

great success in various fields, include tissue engineering,
2
 drug delivery,

3
 membrane filtration,

4, 

5
 and sensors,

6, 7
 due to their extremely large surface area and high porosity.

1, 5
 Among the 

numerous electrospun materials, glycopolymers are believed to be one of the most attractive, not 

only because of the important roles that carbohydrate-protein interactions play in many 

biological processes,
8, 9

 but also due to the multiple copies of sugar residues attached to the 

polymer backbones that can enhance the binding affinity with proteins by the “glycoside cluster 

effect”.
10

 

However, the electrospun nanofibers based on the bulk glycopolymers remain a challenge, 

since most of the synthetic glycopolymers are water soluble, which lead to the instability of their 

nanofibers in aqueous conditions. Moreover, nanofibers made from glycopolymers 

(homopolymers) often suffer from the lower efficacy towards molecular recognition processes 

due to the low availability of the sugar residues on the nanofiber surfaces.
11

 To solve these 

problems, researchers have grafted sugar residues on water-insoluble electrospun nanofibrous 

surface
12, 13

 or performed the copolymerization of sugar monomers with water insoluble 

monomers to obtain water insoluble copolymers which formed water insoluble electrospun 

nanofibrous mats after electrospinning.
11, 14

 

Recently, it was also noticed that the increased surface area on electrospun nanofibers can 

enhance the sensitivity of the stimuli-responsive materials to the external stimuli, and therefore 

resulting in dynamically and reversibly tunable “smart” nanofibrous structure that can be 
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potentially used for delivery of drugs or cells.
3, 15

 Boronic acids and their ester derivatives is a 

class of important stimuli-responsive materials, which can reversibly interact with diols at a pH 

value higher than their pKa.
16, 17

 This unique property have made these materials attractive in a 

wide ranges of biomedical fields, such as control release of insulin,
18-20

 capture and release of 

circulating tumor cells (CTCs),
21

 glucose sensing,
22-24

 and tissue engineering.
25

 However, 

electrospun nanofibers containing boronic acids are not very common
26

 due to the cost 

associated in making those nanofibers. We propose here a low cost version of boronic acid based 

photo-crosslinked nanofibers by using a copolymer derived from 3-acrylamidophenylboronic 

acid (AAPBA) and 2-hydroxyethyl methacrylate (HEMA) and the subsequent modification of 

the nanofibers with glycopolymers allowed the selective binding of specific lectins.     

2. Materials and Method 

2.1.Materials 

All chemicals were purchased from Sigma-Aldrich Chemicals (Oakville, ON, Canada) and the 

organic solvents were from Wako Pure Chemical Industries, Ltd (Japan). The glycomonomers 

were synthesized as previously described
27-30

 (The structures of the monomers and initiator (4,4'-

azobis(4-cyanovaleric acid) (ACVA)) are shown in Scheme 1.  
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Scheme 1. Chemical structures of the monomers and ACVA. 

2.2. Methods  

The
 1

H NMR spectra of the monomers and polymers were recorded on a Varian 500 MHz 

spectrometer using D2O or DMSO-d6 as the solvent. The number average molecular weight (Mn) 

and polydispersity (Mw/Mn) were determined using polystyrene standards (Mw = 5,900-788,000 g 

mol
-1

) at room temperature and a Viscotek model 250 dual detector (refractometer/viscometer in 

DMF eluents (containing 10mM LiBr) with flow rate of 1.0 mL/min. The capture and release of 

FITC-labeled lectins (Vector Laboratories, USA) on glycopolymers modified boronic acid based 

nanofibers were studied by fluorescence microscopy (Microscope Axio Imager.M2, Carl Zeiss, 

Germany) with a wide-Field fluorescence microscope excitation light source (X-cite
®

 120Q, 

Lumen Dynamic, ON, Canada). 

2.2.1. Synthesis of glycopolymers 
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The glycopolymers were synthesized by free radical polymerization by using 4,4'-azobis(4-

cyanovaleric acid) (ACVA) as the initiator. For a typical homopolymerization, a galactose 

containing monomer, 2-lactobionamidoethyl methacrylamide (LAEMA) (1 g, 2 mmol), was 

dissolved in 6 mL distilled water in a 10-mL Schlenk tube with 1 mL of ACVA (8 mg, 0.032 

mmol) N,N’-Dimethylformamide (DMF) stock solution. The tube was then sealed and degassed 

by purging it with nitrogen for 30 minutes. Polymerization was carried out in an oil bath (70
 o

C) 

for 24 hours and followed by precipitation in acetone and subsequent washing with methanol to 

remove the monomers and residual initiator. The molecular weights and polydispersity (PDI) of 

the synthesized glycopolymers were determined by gel permeation chromatography (GPC) at 

room temperature with a Viscotek model 250 dual detector (refractometer/viscometer in aqueous 

eluents (0.5 M sodium acetate and 0.5 M acetic acid)). The conversion of the polymer was 

calculated by JNM-GSX300 
1
H NMR spectrometer (JEOL, Tokyo, Japan) using D2O as the 

solvent. 

2.2.2. Synthesis of photo-crosslinkable boronic acid based polymer 

The photo-crosslinkable boronic acid based polymer was synthesized by free radical 

polymerization (Scheme 2, Synthesis of GMA modified photo-crosslinkable P(HEMA-st-

AAPBA)). The boronic acid groups in 3-acrylamidophenylboronic acid (AAPBA) (0.2558 g, 

1.34 mmol) were first protected by stirring with diols (1,4-butanediol, 0.60 g (6.55 mmol)) in 10 

mL DMF in dark for 4 hr. After that, the protected AAPBA DMF solution was transferred to a 

10-mL Schlenk tube and mixed with 5 mL of ACVA (20 mg, 0.07 mmol) and 2-Hydroxyethyl 

methacrylate (HEMA) (3.312 g, 25.45 mmol) DMF stock solution. The tube was then sealed and 

degassed by purging with nitrogen for 30 minutes. Polymerization was carried out in an oil bath 

at 70 
o
C for 24 hours and polymers were precipitated and purified by repeating washing with 
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large amount of diethyl ether. The conversion of the polymerization was determined by JNM-

GSX300 
1
H NMR spectrometer (JEOL, Tokyo, Japan) using DMSO-d6 as the solvent and 

operated at 300 MHz. The polymer’s molecular weight and polydispersity were determined by 

gel permeation chromatography (GPC) at 40 °C (DMF including 10mM LiBr, 1 mL/min) with a 

TOSOH TSK-GEL a-2500 and a-4000 (Tosoh, Tokyo, Japan) and connected to a RI-2031 

refractive index detector (JASCO International Co., Ltd., Tokyo, Japan). 

To introduce the free double bonds to P(HEMA-st-AAPBA) chains, 0.5 g polymer was 

dissolved in 20 mL DMF with exceeding amount (1000 x) of glycidyl methacrylate (GMA). 

After the additional of small amount of triethylamine, the solution was left stirring 24 hr in dark, 

and precipitated and purified by repeating washing with large amount of diethyl ether. The 

conversion of the GMA modified P(HEMA-st-AAPBA) was again determined by JNM-GSX300 

1
H NMR spectrometer (JEOL, Tokyo, Japan) using DMSO-d6 as the solvent. 

2.2.3. Electrospinning of polymers and photo-crosslinking 

To make the electrospun P(HEMA-GMA-st-AAPBA) NFs be easier to handle, in this study, 

we decided to collect the NFs on glass slides. To do this, 0.3 g P(HEMA-GMA-st-AAPBA) and 

30 mg photo-initiator (Benzophenone) was dissolved in 3 ml of 1,1,1,3,3,3 hexafluoro-2-

propanol (HFIP) and poured into a 5 ml plastic syringe equipped with a metal capillary needle 

(25 gauge).  Glass slides with diameter of 15 mm were placed on a grounded aluminum foil, 

which was 19 cm away from the needle. The electrospinning process (Imoto IMC-19F5, Japan) 

was performed 1 hr at a polymer feed rate and a DC voltage of 0.5 mL/hr and 20 kV, 

respectively. The as-spun NFs were then photo-crosslinked by irradiated with nine UVA (350 

nm) lamps in a Luzchem photoreactor for 30 min. The morphologies of the NFs were observed 

by SEM (Neoscope JCM-5000, JEOL, Japan) at an acceleration voltage of 10 kV.
3
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2.2.4. Lectin capture and release on photo-crosslinked NFs surface 

 The interactions between glycopolymers and boronic acid containing nanofibers, as well as 

the nanofibers pH and glucose dual responsiveness were first evaluated by fluorescent 

microscope (IX71, Olympus, Japan). To do this, the photo-crosslinked P(HEMA-st-AAPBA) 

nanofibers were placed in 24-wells plates and loaded with 0.4 mL of 0.1 M HCl to deprotect the 

boronic acid groups. After 15 min, nanofibers were gently washed with PBS for several times to 

remove the residual HCl. The nanofibers were then incubated in 10 mg/mL FITC-glycopolymers 

(PLAEMA (with galactose pendent groups) or PGAPMA (with glucose pendent groups)) Tris-

0.1 M buffer solution (pH 9.0) for 15 min, rising with Tris-0.1 M HCl buffer (pH 9.0) and 

observed by fluorescent microscope. After that, the FITC-glycopolymers labeled nanofibers were 

incubated in 500 mg/mL glucose Tris-0.1 M buffer solution (pH 9.0) for 48 hr, rinsing with pH 

9.0 Tris-HCl buffer (0.1 M) three times and imaged by fluorescent microscope again to evaluate 

the materials glucose responsiveness. Similarly, the materials pH responsiveness was evaluated 

by observing the fluorescence after the acid (0.1 M HCl) treated FITC-glycopolymers modified 

nanofibers rinsed with pH 9.0 Tris-HCl buffer (0.1 M) for three times. The fluorescent images 

were obtained from three independent repeats and for each at least 5 different areas were 

recorded. 

For lectin capture, the deprotected nanofibers were incubated in 10 mg/mL glycopolymers 

(PLAEMA (with galactose pendent groups) or PGAPMA (with glucose pendent groups)) Tris-

0.1 M buffer solution (pH 9.0) for 15 min to make the glycopolymers deposit on nanofibers. The 

free glycopolymers were washed away from the nanofiber surfaces by rising with Tris-0.1 M 

HCl buffer (pH 9.0), followed by immersing the nanofibers into 100 µL of FITC-lectins (Jacalin 

or ConA, 20 µL/mL) Tris-0.1 M HCl buffer solution (pH 9.0) for 15 min at room temperature. 
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The nanofibers were washed again with pH 9.0 Tris-0.1 M HCl buffer for several times before 

observing the florescence of the captured FITC-lectins in a fluorescent microscope.     

For lectin release, the FITC-lecins/NFs loaded 24-wells plates were filled with 0.1 M HCl and 

incubated at room temperature in dark for 15 min. The NFs were then rinsed with pH 9.0 Tris-

0.1 M HCl buffer for three times and imaged in a fluorescent microscopy. At least three lectin 

capture and release cycles were evaluated in the current study (Scheme 3, FITC-lectins capture 

and release on a photo-crosslinked polymer NF.). 

The glycopolymer modification as well as lectin capture and release efficiencies on the NF 

surfaces were evaluated by the % fluorescent area value, which is determined as: 

���������	
 ��� (������)

 ��
�� ���������� ����� ���� (������)
 × 100% . The fluorescent area was measured by ImageJ, 

whereas the total microscopy image area were always fixed as 1443520 pixels. The % 

fluorescent area values were obtained from three independent repeats.   

3. Results and Discussion 

3.1. Polymer synthesis  

 3-acrylamidophenylboronic acid (AAPBA) was first protected with 1,4-butanediol in the 

presence of triethylamine. The protected monomer was then copolymerized with 2-hydroxyethyl 

methacrylate (HEMA) via conventional free radical polymerization, and the molecular weight 

details are shown in Table 1. Since only 1,2-, 1,3-, and 1,4- diols can form complex with boronic 

acids,
16

 the adjacent hydroxyl groups in PHEMA should not have any interactions with boronic 

acids during the copolymerization.
31

 The resulting copolymer was subsequently reacted with 

glycidyl methacrylate (GMA) so that free vinyl groups could be introduced to the copolymers.
32, 

33
 (Scheme 2) The 1,4-butanediol protection on boronic acid is expected to prevent any 

unnecessary reactions of the epoxy rings from GMA with the hydroxyl groups on boronic acid,
33
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and additionally this could interfere with the complex formation between boronic acid and 

carbohydrates.  

 

Scheme 2. Synthesis of GMA modified photo-crosslinkable P(HEMA-st-AAPBA). 

The 
1
H NMR spectra of PHEMA and 1,4-butanediol protected P(HEMA-st-AAPBA) before 

and after the introduction of GMA is shown in Figure S1. It was found ~ 20 mol% of hydroxyl 

groups on PHEMA homopolymer were successfully reacted with GMA as evidenced from the 

=CH chemical shifts at δ= 5.5-6.5 (Figure S1a). On the other hand, in Figure S1b, the proportion 

of phenyl groups in P(HEMA-st-AAPBA) was found to be around 5 mol%, which was identical 

to the amount of 1,4-butanediol present in polymers, indicating all boronic acids had been 

successfully protected. However, from the 
1
H NMR spectra of the GMA modified P(HEMA-st-

AAPBA) (Figure S1b), only 10 mol% of the hydroxyl groups on copolymer chains had been 

successfully modified by the GMA molecules (Based on the signal to noise in the spectra (Figure 

S1b), the actual proportion of the GMA in polymer might be lower than 10 mol%). Although the 

amount of double bonds introduced to polymers were relatively low in this study, according to 
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Aoyagi et al. work,
3
 10 mol% of photo-crosslinkable moiety presented in electrospun nanofibers 

are high enough for photochemical crosslinking.   

Table 1. GPC results of P(HEMA) and P(HEMA-st-AAPBA) synthesized by free radical 

polymerization 

 NGMA
a 

Mn (Da) Mw/Mn 

PHEMA321 64 50,100 1.98 

Diol protected P(HEMA760-st-AAPBA38) 69 108,200 1.64 

a 
The number of GMA in each polymer (NGMA) was calculated as �����  × � ! "#$%  

     

Similarly, for the glycopolymers synthesized by the conventional free radical polymerization, 

polymers’ molecular weights and structure were characterized by GPC (Table 2) and NMR 

(Figure S1c), respectively. It was found both glycopolymers (PLAEMA and PGAPMA) had 

been successfully synthesized by free radical polymerization. The polymers’ molecular weights 

were found over 80 kDa with very wide molecular weight distributions (PDIs are over 4.0). 

Based on these information, the high molecular weight glycopolymers are capable to interact on 

boronic acid containing nanofiber surface by boronate-diol interaction,
19

 while part of the 

carbohydrate residues on the polymer chains are still available to capture the lectins in aqueous 

media.  

Table 2. GPC results of PLAEMA and PGAPMA synthesized by free radical polymerization 

 Mn (Da) Mw/Mn 

PLAEMA231 108,400 4.24 

PGAPMA270 86,400 4.38 

 

3.2. Electrospinning and photo-crosslinking of the nanofibers 
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The photo-crosslinkable P(HEMA760-st-AAPBA38) nanofibers were fabricated by 

electrospinning under optimized conditions (Figure 1a). To ensure the UV light penetrate 

completely through the electrospun nanofibrous mats during the photo-crosslink process, we 

have controlled the thickness of the electrospun nanofibrous mats by electrospinning the polymer 

solution for a short period (1 hr)
34, 35

  with low polymer concentration (10 wt%)
36

, slow pumping 

rate (0.5 mL/hr) and large needle-to-collector distance (19 mm)
1
. As shown in Figure 1, 

nanofibers, with an average diameter of ~ 400 nm, were randomly distributed and formed the 

continuous fibrous structure on either aluminum foil (Figure 1b) or glass surface (Figure 1c). 

Therefore, the morphology of the electrospun nanofibers is independent on the collector 

materials. On the other hand, the as-spun P(HEMA760-st-AAPBA38) nanofibrous mats showed 

high porosity and therefore light can easily penetrate through resulting in a bright background 

(Figure 1c). Therefore, we believe the nanofibrous mats should be completely crosslinked during 

the photo-crosslinking process.  

When irradiated by the UV light, the photoinitiator distributed on surface or bulk of the 

nanofibers generated free radicals and chemically crosslink the alkene groups on the 

P(HEMA760-st-AAPBA38) nanofibers (Scheme 2).
3
 The photo-crosslinked nanofibers were water 

insoluble even after incubation in PBS buffer for 24 hr (Figure 1e). Interestingly, in pH 9.0 Tris - 

0.1 M HCl buffer, the nanofiber were found to be swollen (Figure 1f), which could be explained 

by the increasing water adsorption on nanofibers when boronic acids changed to the anionic 

(B(OH)(
)) in basic aqueous environment.

16, 37
 

The P(HEMA321) nanofibers were electrospun and crosslinked in a similar way as the 

P(HEMA760-st-AAPBA38) nanofibers. Interestingly, after 24 hr incubation in pH 9.0 Tris - 0.1 M 
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HCl buffer, the photo-crosslinked P(HEMA321) nanofibers were found to be extremely swollen 

(Figure 1g) possibly due to the adsorption and retention of a large amount of water.  

 

Figure 1. a) Fabrication of photo-crosslinkable polymer nanofibers by electrospinning. SEM 

images of P(HEMA760-st-AAPBA38) nanofibers deposited on different substrates b) aluminum 

foil, c) glass slides. d) Optical microscopy images of the P(HEMA760-st-AAPBA38) nanofibers 

before photo-crosslink, and photo-crosslinked P(HEMA760-st-AAPBA38) nanofibers after 

incubated in PBS (e) and pH 9.0 Tris - 0.1 M HCl buffer (f) for 24 hr. Optical microscopy 

images of the photo-crosslinked P(HEMA321) nanofibers after incubated in pH 9.0 Tris - 0.1 M 

HCl buffer for 24 hr (g).  Scale bar = 20 µm.       

3.3. pH and glucose dual responsiveness of the boronic acid containing nanofiber surface 
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Since the boronate-diol interaction only occurs at basic conditions,
16, 19, 37

, the photo-

crosslinked P(HEMA760-st-AAPBA38) can be deprotected by incubation in a 24-wells plate that 

is loaded with 0.4 mL of 0.1 M HCl. On the other hand, the binding affinity between the boronic 

acid and 1,4-diol is much weaker than 1,2 and 1,3-diols.
16, 37

 Therefore, in the present study, if 

there are residual 1,4-butanediol left on nanofiber surface after the acid treatment, it should be 

completely replaced by the FITC-glycopolymers and showed images with the fluorescent signals 

uniformly distributed along the nanofibers  (Figure 2). During the HCl deprotection and FITC-

glycopolymer modification, we believe chemistry was occurred not only on the surface but also 

in the bulk of the nanofibrous mats as evidenced by the swelling (Figure 1e) and FITC staining 

(Figure 2 and 3) in the bulk of the mats. 

The responsive nature of the resulting glycopolymer modified nanofiber to glucose was then 

studied. Immersion in glucose solution resulted in the displacement of the glycopolymer from the 

nanofiber surfaces, however, long incubation (48 hrs) was required for the complete 

displacement of the glycopolymers as shown in Figure 2a and b. Interestingly, compared to the 

FITC-PGAPMA modified NFs, the one modified by FITC-PLAEMA showed larger areas of 

fluorescence and residue of fluorescence could be spotted on NFs surface even after 48 hr 

incubation in high glucose solution, (Figure 2c). These observations could be explained by the 

higher associate constant (pKa) between galactose and boronic acids.
38
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Figure 2. FITC-PLAEMA (a) and FITC-PGAPMA (b) modified photo-crosslinked P(HEMA760-

st-AAPBA38) nanofibers surfaces. Fluorescence could be removed after incubating 

glycopolymers modified NF in 500 mg/mL glucose solution (pH 9.0) for 48 hr. (c) Reversible % 

fluorescent areas changes when FITC-PLAEMA (solid line) and FITC-PGAPMA (dash line) 

modified NFs were incubated in 500 mg/mL glucose and 10 mg/mL FITC glycopolymer 

solutions (pH 9.0) for 48 hr and 15 min, respectively. Scale bar = 20 µm. 

The pH responsiveness of the photo-crosslinked P(HEMA760-st-AAPBA38) nanofibers was 

then studied as shown in Figure 3. Before fluorescence microscopy observations, the acid treated 

nanofibers were washed by Tris - 0.1 M HCl buffer (pH 9.0) to prevent the fluorescence 

quenching at the acidic condition.
39

 The results clearly indicated the FITC-glycopolymers were 

able to adsorb on the boronic acid containing nanofiber surfaces at basic condition (pH 9.0), 

whereas rapid dissociation of glycopolymers occurred when the nanofibers were rinsed with 0.1 

M HCl.  
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Figure 3. FITC-PLAEMA (a) and FITC-PGAPMA (b) modified photo-crosslinked P(HEMA760-

st-AAPBA38) nanofibers surfaces. Fluorescence could be removed after rinsing the 

glycopolymers modified NFs with 0.1 M HCl. (c) Reversible % fluorescent areas changes when 

FITC-PLAEMA (solid line) and FITC-PGAPMA (dash line) modified NFs were incubated in 10 

mg/mL FITC glycopolymer solutions (pH 9.0) for 15 min, followed by rinsing with 0.1 M HCl. 

Scale bar = 20 µm. 

3.4. Lectins binding on different surfaces   

The adsorption of FITC labeled lectins on photo-crosslinked nanofibrous membranes deposited 

glass slides were first studied by fluorescence microscopy. The glass slides were treated with an 

acidic solution to deprotect the boronic acid groups in the electrospun nanofibers. After rinsing 

with DI water and incubation with glycopolymers in Tris-0.1 M HCl buffer solution (pH 9.0) for 

15 min, the resulting glycopolymer modified nanofibers were incubated with FITC labeled 

lectins in Tris-0.1 M HCl buffer solution (pH 9.0) for another 15 min and washed with Tris-0.1 

M HCl buffer (pH 9.0) again to remove the free FITC-lectins. The results are shown in Figure 4. 
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Figure 4. FITC-Jacalin adhered on photo-crosslinked a) P(HEMA321) and b) P(HEMA760-st-

AAPBA38) nanofibers surfaces. At the edge of the nanofibrous mat on a glass slide, most of the 

FITC-Jacalin adsorbed on PLAEMA modified photo-crosslinked P(HEMA760-st-AAPBA38) 

nanofibers, whereas negligible the FITC-Jacalin could be spotted on glass slides. Scale bar = 20 

µm. 

It was found that the FITC-Jacalin (galactose specific lectin) interaction on photo-crosslinked 

P(HEMA321) nanofiber (Figure 4a) surfaces was negligible as compared to that on PLAEMA 

modified photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers surface (Figure 4b). As 

compared to the results from Wang et al. no lectin adsorption could be observed on 

glycopolymer free nanofibers,
11

 our results might suggest neither glycopolymers nor lectin can 

strongly adsorb on the photo-crosslinked P(HEMA321) homopolymer nanofibrous surfaces, 

whereas significantly larger amount of FITC-Jacalin could be captured on glycopolymers 

(PLAEMA) modified photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers surface through 

the lectin-carbohydrate interactions (Figure 4).  

Incubation of the pristine and glycopolymers modified photo-crosslinked P(HEMA780-st-

AAPBA38) nanofibers in FITC-lectins Tris-0.1 M HCl buffer solutions (pH 9.0) for 15 min 

(Figure 3) showed that the lectins can only interact with the glycopolymers functionalized 
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nanofibers surface, and not on the boronic acid modified nanofiber surfaces (Figure 5a and e). 

Nanofibers with PLAEMA (galactose containing glycopolymer) and PGAPMA (glucose 

containing polymer) modification can capture Jacalin (Figure 5b) and ConA (Figure 5d), 

respectively. No fluorescent signals could be observed when FITC-ConA was incubated with the 

PLAEMA modified photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers (Figure 5c and e). 

From these observations, the nanofibers could be used to selectively capture different lectins 

when surface functionalized with different glycopolymers.  

On the other hand, compared to the FITC-glycopolymers modified photo-crosslinked 

P(HEMA780-st-AAPBA38) nanofibers (Figure 2c and 3c), less fluorescence could be observed 

when FITC-lectins were captured on the glycopolymers modified P(HEMA780-st-AAPBA38) 

nanofiber surfaces (Figure 5e). These observations might be explained by lower concentration of 

FITC-lectins (20 µL/mL) used for lectin capture assay or weaker affinity between carbohydrates 

and lectins in aqueous environment.
40

 Interestingly, unlike the FITC-glycopolymer that 

uniformly distributed along the photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers (Figure 

2 and 3), FITC-lectins were found to be aggregated when adsorbed on the glycopolymers 

modified nanofiber surfaces (Figure 5). We believed the latter case could be explained by the 

electrical double layer depressing and absolute zeta potential decreasing of the proteins in the 

Tris-buffered saline.
41
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Figure 5. Fluorescent microscopy images for FITC-Jacalin adsorption on pristine (a) and 

PLAEMA modified photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers (b), and FITC-

ConA on PLAEMA (c) and PGAPMA (d) modified photo-crosslinked P(HEMA780-st-AAPBA38) 

nanofibers. Scale bar = 20 µm. (e) % Fluorescent areas of FITC-ConA or Jacalin on different 

nanofibers surfaces. 

3.5. Reversibly capture and release lectins on glycopolymers modified nanofibers 

surfaces  

The reversible capture and release of lectins on glycopolymers modified photo-crosslinked 

P(HEMA780-st-AAPBA38) nanofibers was studied (Scheme 3) and the results are shown in 

Figure 6. It was found fluorescently labeled Jacalin and ConA could interact with PLAEMA 

(Figure 6a) and PGAPMA (Figure 6b) modified photo-crosslinked P(HEMA780-st-AAPBA38) 

nanofibers at basic condition. After incubation with 0.1 M HCl for 15 min and rinsed with pH 9 

buffer solution, no fluorescence was observed even after re-incubating the nanofibers with 

lectins (Figure 6a and b). Considering that negligible amount of lectins could interact with 

pristine photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers (Figure 5a),  these results 

suggest that the glycopolymers from the nanofiber surfaces was removed during the acid solution 

treatment.   
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Scheme 3. FITC-lectins capture and release on a photo-crosslinked polymer NF. 

Figure 6c shows the % fluorescent area changes on the photo-crosslinked P(HEMA780-st-

AAPBA38) nanofibers in response to alterations of surface groups between carbohydrates and 

boronic acid. When glycopolymer (PLAEMA) modified nanofibers were incubated with FITC-

Jacalin for 15 min, the lectin was captured by the galactose groups on nanofibers and showed ~ 

6% coverage with fluorescent signals in microscope images (Figure 6a and c). Once the 

nanofibers were immersed to 0.1 M HCl for 15 min and rinsed with pH 9 buffer solution, the 

fluorescent areas were reduced to ~ 0%, indicating PLAEMA and glycopolymer-lectin 

conjugates were removed from the nanofibers surfaces, and the surface groups were restored to 

boronic acids (Figure 6a and c). These observations could be repeated by alternatively incubating 

the photo-crosslinked PLAEMA modified P(HEMA780-st-AAPBA38) nanofibers in FITC-Jacalin 

and acidic solutions (Figure 6C), suggesting our materials could be used to reversible capture 
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and release Jacalin. We also evaluated the FITC-ConA capture and release on glucose containing 

glycopolymer (PGAPMA) modified nanofibers. The results were similar to the FITC-Jacalin 

capture and release on PLAEMA modified nanofibers surface (Figure 6c), suggesting using 

different glycopolymers to modify the nanofiber surface, our photo-crosslinked P(HEMA780-st-

AAPBA38) nanofibers could be used to reversible capture and release various lectins. Moreover, 

the nanofiber fabricated in the present study could also be used for the reversible capture of virus 

or even bacteria from contaminated water. Compared to other platforms such as carbon 

nanotubes,
42

 surfaces
43

 and nanoparticles,
44, 45

 for pathogen capture/detection, we believe our 

nanofibers are easier for handling, reusable and less expense.  
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Figure 6. Fluorescent microscopy images for FITC-Jacalin (a) and FITC-ConA reversibly 

captured and released from the photo-crosslinked P(HEMA780-st-AAPBA38) nanofibers. Scale 

bar = 20 µm. (c) % Fluorescent areas of FITC-ConA and FITC-Jacalin on nanofibers surface in 

response to alternations of surface groups between carbohydrates and boronic acid.  

4. Conclusions 

This study presents the first example of using boronic acid containing photochemically 

crosslinked polymer nanofiber membrane for the reversible capture and release of lectins. The 
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pH and glucose dual responsive behavior, as well as the adsorption of lectins (FITC-Jacalin and 

FITC-ConA) on different surfaces (pristine, galactose and glucose containing polymers modified 

nanofibers) were studied by fluorescence microscopy. The FITC labeled glycopolymers could 

adsorb on nanofiber surface under basic condition (pH 9.0) and are released at either high 

glucose concentration or under acidic conditions. FITC-Jacalin and FITC-ConA were 

successfully captured on galactose and glucose containing polymers modified nanofiber surface, 

respectively, whereas no lectin adsorption can be observed on the pristine nanofibers. Immersion 

of the FITC-lectin conjugated nanofibers in acidic solution for 15 min resulted in the rapid 

release of both the lectins and the glycopolymers from the nanofibers surfaces. Therefore, such 

type of nanofibers can find applications in the quick removal of specific proteins or toxins in 

solution. 
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