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ABSTRACT 
 

Aims: To evaluate the charge transference and the electrochemical potential of Cratylia mollis seed 
lectin, Cramoll 1,4, adsorbed on Nafion beads after the interaction of glucose ligand. 
Study Design: Based on detection of electrochemical currents and potentials of Cramoll 1,4 by 
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electrochemical techniques. 
Place and Duration of Study: Department of Chemistry, Catholic University of Pernambuco, 
between April 2014 and November 2015. 
Methodology: Cyclic Voltammetry (CV) was performed in an electrochemical cell containing three 
electrodes (a calomel electrode, a platinum wire counter electrode and a platinum electrode), 
connected to a potentiostat to obtain electrochemical currents related to the charge transference. 
An electrochemical cell containing a calomel electrode and a platinum electrode coupled to a 
multimeter was used to register the potentials. A saline solution was used as support to control the 
charge distribution inside of the cell. Cramoll 1,4-glucose interaction was evaluated in the 
concentration of 100, 200 and 300 mM of glucose. 
Results: CV measurements showed significant charge transference after Cramoll 1,4-glucose 
interaction. Cathodic and anodic peaks paired near 100 mV were detected in the range 100-300 
mM glucose, achieving a maximum current response of 1300 μA, approximately. Positive 
electrochemical potentials of Cramoll 1,4 adsorbed to Nafion-beads was achieved showing a linear 
behaviour with the increase of glucose concentration at 300 mM.     
Conclusion: The system is useful for characterization of lectin-carbohydrate interactions and as a 
glucose sensor to estimate the activity of lectins. 
 

 
Keywords: Cratylia mollis; cyclic voltammograms; Nafion-beads; seed lectin. 
 

1. INTRODUCTION  
 
Lectins are a group of non-immune proteins of 
ubiquitous distribution in nature that bind 
carbohydrates with high specificity [1]. Lectin-
carbohydrate interaction constitutes an initial 
biological signal to start physiological responses, 
such as mitogenic activity and cell-to-cell 
interactions [2,3]. The measurements of lectin 
interactions became, therefore, a highly attractive 
field as a quantitative method to the analysis of 
many biological phenomena. Lectin-carbohydrate 
interaction has been broadly studied through 
physicochemical methods such as nuclear 
magnetic resonance [4], surface plasmon 
resonance spectroscopy [5] and X-ray 
crystallography [6], those required complex/time-
consuming manipulations and expensive 
instruments. In this context, electrochemical 
methods have already been used to evaluate 
charge distribution in lectin surfaces and lectin-
carbohydrate interactions [7,8]. These methods 
are of fundamental importance to study 
macromolecular superficial charge [9] and 
evaluations of charged protein behaviour in 
analytical systems [10].  
 
A systematic evaluation based on 
electrochemical methods uses potentiometric or 
amperometric signal transductors with small 
polarizable electrodes, allowing the study of 
surface-immobilized proteins, such as lectins, 
and the relationship with their ligands [11,12]. 
Electrochemical methods can measure directly 
the lectin-carbohydrate interaction through the 
detection of charge (electron) transference on 

the lectin when the interaction occurs. The 
electrochemical response can be measured to 
quantify the interaction and to characterize the 
behaviour of the lectin in the presence of its 
specific carbohydrate [7,12].  
 
Monitoring of electrochemical current evaluates 
lectin-carbohydrate linkage through 
amperometric methods, such as cyclic 
voltammetry (CV) [11]. CV is the electrochemical 
technique frequently used to characterize charge 
transference processes, based on scanning of 
the potential from the working electrode using a 
triangular potential waveform, and measuring the 
resulting current. The current is plotted versus 
the potential, generating a cyclic voltammogram 
[13]. Potentiometric methods are also useful to 
investigate lectin-carbohydrate interactions and 
the charge distribution on a lectin surface [7,8]. 
Measurements of electrochemical potential can 
be associated to charge transference on lectin 
submitted to an electric field in the presence of 
its ligand.  
 
The association of lectin with polymers improves 
the charge transference, promoting the increase 
of the electrochemical signal detected [14]. 
Nafion is a perfluorinated anionic polyelectrolyte 
belonged to a class of perfluorosulfonated 
ionomer [15]. X-ray dispersion analysis in Nafion 
has revealed the presence of metallic patches 
and sulfonic acid groups as hydrophilic regions 
and fluorcarbonates as hydrophobic regions [16]. 
The presence of ions in the Nafion structure 
induces electrostatic intermolecular interactions, 
which confer attractive physicochemical 
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properties for composition of membranes and 
catalyst support [17]. Available in different forms, 
such as membranes and beads, Nafion has been 
used for ion-exchange applications and 
electrocatalyses in electrochemical analyses due 
to high electrical conductivity, good stability and 
biocompatibility [17,18]. Additionally, the sulfonic 
acid groups of Nafion structure promote the 
stable biomolecule immobilization on solid 
surface [19].  
 
Cratylia mollis is a native forage from the 
Caatinga biome of the State of Pernambuco, 
Northeast of Brazil. A lectin specific to glucose 
and mannose from C. mollis seed named 
Cramoll has been purified and sequenced 
[20,21]. Lectin-ligand interactions involving the 
lectin containing its isoforms 1 and 4 (Cramoll 
1,4) have been evaluated by electrochemical 
techniques [7,8].  Biosensing approaches based 
in Cramoll 1,4 interactions have been developed 
for sugar detection in solution [11] and for 
recognition interface for dengue virus serotypes 
[22], bacterial lipopolysaccharide [23] and 
differential diagnostic of prostatic tumour [11]. 
Proteins adsorbed to polymers should leave 
available active binding sites, which promote the 
interaction with selective ligands. In this work, CV 
measurements and determination of 
electrochemical potentials were performed to 
analyse the charge transference signals of 
Cramoll 1,4 adsorbed to Nafion-beads interacting 
with different concentrations of glucose, in order 
to evaluate Cramoll 1,4 activity.  
 

2. MATERIALS AND METHODS 
 

C. mollis seeds were collected in the city of 
Ibimirim, in the State of Pernambuco, Northeast 
of Brazil. Glucose and Nafion  NR 50 were 
purchased from Sigma Aldrich (St. Louis, MO, 
USA). Other reagents used were of analytical 
grade. All solutions were prepared with    
ultrapure water from a Milli-Q system (Billerica, 
USA).  
 

2.1 Cramoll 1,4 Obtention  
 

Cramoll 1,4 was isolated from C. mollis seeds 
according to Correia and Coelho (1995) [20]. The 
lectin was extracted from C. mollis seed flour in 
0.15 M NaCl (10% w/v), overnight at 4ºC. The 
saline extract was submitted to fractionation with 
ammonium sulfate and the precipitate of the 40-
60% fraction was ressuspended, dialysed in 
saline (F40-60) and purified by affinity 
chromatography on Sephadex G-75. The lectin 
containing the isoforms 1 and 4 of Cramoll 

(Cramoll 1,4) was eluted from Sephadex G-75 
column with 0.3 M glucose in 0.15 M NaCl       
[20] and was adsorbed on Nafion-beads          
surface.  

 
2.2 Preparation of Cramoll 1,4/Nafion-

beads  
 
In order to adsorb Cramoll 1,4 on Nafion-beads 
surface, 2 g of Nafion  NR 50 beads and 3 ml 
of Cramoll 1,4 in 0.15 M NaCl solution (1 mg/ml) 
were mixed and kept at rest for 6 h at 4ºC. 
Following, the supernatant was removed and 
beads were washed with 0.15 M NaCl, to obtain 
Cramoll 1,4/Nafion-beads.  
 
2.3 Electrochemical Measurements of the 

Cramoll 1,4-glucose Interactions 
 
The electrochemical evaluation of Cramoll 
1,4-glucose interactions was performed in an 
electrochemical cell containing Cramoll 
1,4/Nafion-beads deposited at the bottom, 
and 0.15 M NaCl solution as reaction media 
to control the distribution of charges within 
electrochemical cell. The measurement of 
electrochemical current by CV technique was 
carried out using a three-electrode system in 
the electrochemical cell, containing a 
platinum electrode (A = 2 cm2) as the working 
electrode, a platinum wire as auxiliary 
electrode and a calomel saturated electrode 
as reference electrode (Fig. 1). The system 
was coupled to an EG&G PAR model 175 
potentiostat/ galvanostat (New Jersey, USA) 
connected and controlled by a 
microcomputer. CV technique was performed 
in a potential range of 50 to 150 mV within 
0.15 M NaCl solution.  
 

In order to obtain electrochemical potentials, 
it was used an electrochemical cell containing 
a platinum electrode (working electrode) and 
a calomel electrode (reference electrode) 
coupled to a high impedance multimeter 
(ICEL IK-1500). The saturated calomel 
electrode was used since it had a stable 
potential in relation to temperature (27ºC), 
without variations due to charges in the 
medium. Electrochemical measurements 
were made in the absence and presence of 
glucose after 30 min of incubation. Cramoll 
1,4/Nafion-beads (1 g) into the cells were 
incubated with saline solutions containing 
glucose at concentrations of 0, 100, 200 and 
300 mM were performed (Fig. 1). Each 
experiment was performed in five repetitions. 



Fig. 1. Schematic representation of the electrochemical system coupled to a potentiostat for 
voltammetric measurements of Cramoll 1,4/Nafion

by a platinum electrode (a) as a working electrode; a saturated calomel electrode (b) as a 
reference electrode; an auxiliary electrode (c) a

3. RESULTS AND DISCUSSION
 
Cramoll 1,4 was isolated from C. mollis
extraction of powder in 0.15 M NaCl and the 
precipitate obtained by ammonium sulfate 
fractionation was chromatographed through 
Sephadex G-75, according to the procedure 
described by Correia and Coelho 
1,4 elution with 0.3 M glucose generated the 
chromatogram and electrophoretic pattern in 
denatured SDS-polyacrylamide gel showed in 
Fig. 2, in agreement with results reported by the 
cited authors [20]. 
 
Proteins with electroactive sites like the he
group [24] and lectins [7,8] interact with 
molecules or macromolecules involving charge 
transference. The interaction measurements of a 
protein adsorbed to a non-reactive surface and 
its ligand indicate the capacity of the 
macromolecule as a redox recep
binding potential directed by the receptor 
oxidation state [10]. This property of interaction 
constitutes a basic tool to electrochemical 
measurements [25]. Firstly, the immobilization of 
Cramoll 1,4 on the Nafion-beads surface was 
evaluated through measurements of redox 
potentials (+E, mV) versus time (from 0 to 80 
min) to confirm this immobilization. As showed in 
Fig. 3, an exponential increasing curve of 
potentials from Nafion-beads without Cramoll 1,4 
was detected, while a decay time was o
for Cramoll 1,4/Nafion-beads, indicating the 
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Schematic representation of the electrochemical system coupled to a potentiostat for 

voltammetric measurements of Cramoll 1,4/Nafion-beads and glucose interactions, composed 
by a platinum electrode (a) as a working electrode; a saturated calomel electrode (b) as a 

reference electrode; an auxiliary electrode (c) and Cramoll 1,4/Nafion-beads (d)
 

SSION 

C. mollis seeds by 
extraction of powder in 0.15 M NaCl and the 
precipitate obtained by ammonium sulfate 
fractionation was chromatographed through 

75, according to the procedure 
escribed by Correia and Coelho [20]. Cramoll 

1,4 elution with 0.3 M glucose generated the 
chromatogram and electrophoretic pattern in 

polyacrylamide gel showed in 
2, in agreement with results reported by the 

Proteins with electroactive sites like the heme 
group [24] and lectins [7,8] interact with 
molecules or macromolecules involving charge 
transference. The interaction measurements of a 

reactive surface and 
its ligand indicate the capacity of the 
macromolecule as a redox receptor, with all 
binding potential directed by the receptor 
oxidation state [10]. This property of interaction 
constitutes a basic tool to electrochemical 
measurements [25]. Firstly, the immobilization of 

beads surface was 
through measurements of redox 

potentials (+E, mV) versus time (from 0 to 80 
min) to confirm this immobilization. As showed in 

3, an exponential increasing curve of 
beads without Cramoll 1,4 

was detected, while a decay time was observed 
beads, indicating the 

immobilization of Cramoll 1,4 on Nafion
surface and a reduction in the exposition of 
superficial charges of Nafion-beads.
 
In this work, the charge transference from 
Cramoll 1,4-glucose interaction was detected on 
the surfaces of Nafion-beads at the bottom of the 
electrochemical system, but not at the electrode 
surface (Fig. 1). When the system is submitted to 
an electric field caused by the working and 
reference electrodes in the electrolytic medium 
containing Cramoll 1,4 immobilized on Nafion
beads and glucose, the charge transference of 
Cramoll 1,4-glucose interaction
through electrochemical signals from direct 
charge exchange of lectin [7,8]. The CV method 
has been broadly used for charge transference 
detection in redox systems involving proteins and 
their interaction with ligands, due to more user
friendly and low cost. The electroactive 
properties from Cramoll 1,4 binding sites results 
in the charge transference during the interaction 
with glucose revealed by induction of redox 
peaks observed in CV measurements, performed 
in 0.15 M NaCl solution media. As shown in 
Fig. 4, the cyclic voltammograms obtained wit
Cramoll 1,4/Nafion-beads revealed well
states of oxi-reduction at 100 mV, represented by 
two reversible oxidative (anodic) and reductive 
(cathodic) redox peaks after interaction with 
glucose, showing that Cramoll 1,4/Nafion
glucose complex can be detected at this 
potential.
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Schematic representation of the electrochemical system coupled to a potentiostat for 
interactions, composed 

by a platinum electrode (a) as a working electrode; a saturated calomel electrode (b) as a 
beads (d) 

immobilization of Cramoll 1,4 on Nafion-beads 
surface and a reduction in the exposition of 

beads. 

In this work, the charge transference from 
glucose interaction was detected on 

beads at the bottom of the 
electrochemical system, but not at the electrode 
surface (Fig. 1). When the system is submitted to 

caused by the working and 
reference electrodes in the electrolytic medium 
containing Cramoll 1,4 immobilized on Nafion-

charge transference of 
glucose interaction is detected 

through electrochemical signals from direct 
The CV method 

has been broadly used for charge transference 
detection in redox systems involving proteins and 
their interaction with ligands, due to more user-
friendly and low cost. The electroactive 

1,4 binding sites results 
in the charge transference during the interaction 
with glucose revealed by induction of redox 
peaks observed in CV measurements, performed 
in 0.15 M NaCl solution media. As shown in    
Fig. 4, the cyclic voltammograms obtained with 

beads revealed well-defined 
reduction at 100 mV, represented by 

two reversible oxidative (anodic) and reductive 
(cathodic) redox peaks after interaction with 
glucose, showing that Cramoll 1,4/Nafion-beads - 
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Fig. 2. Purification and partial characterization of Cramoll 1,4. Affinity chromatography of an 
ammonium sulfate fraction dialysed in 0.15 M NaCl (F40-60) was performed on a Sephadex G-
75 column in a flow rate of 30 mL/h and 5 mL fractions were collected. Cramoll 1,4 was eluted 

with 0.3 M glucose in 0.15 M NaCl (875 mg of protein). The inset shows a denatured SDS-PAGE 
of Cramoll 1,4 stained with Coomassie Brilliant Blue 
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Fig. 3. Measurements of redox potentials versus time for Nafion-beads (a) and Cramoll 
1,4/Nafion-beads (b) 

 
The higher cathodic current response was nearly 
1300 µA in the presence of 100-300 mM 
glucose. Cyclic voltammograms of Cramoll 
1,4/Nafion-beads in the absence of glucose did 
not induce redox peaks. Moreover, the 
expression of oxi-reduction peaks at 100 mV 
showed at the CV indicates that Cramoll 1,4 
activity was maintained after the adsorption on 
Nafion-beads. Previous results using 
potentiometric techniques showed similar 
electrochemical potential of the interaction 
between Cramoll 1,4 and glucose in 0.15 M 
NaCl, of 94 mV [7]. The charge transference of 

horseradish peroxidase enzyme immobilized on 
carbon paste electrode was also monitored by 
CV, in 10-240 mV within 0.1 M buffer solution to 
identify hydrogen peroxide, showing double 
oxidative and revival peaks [24].  
 
In order to analyse linearity of potentiometric 
response of Cramoll 1,4/Nafion-beads, potentials 
were measured at different glucose 
concentrations. Positive electrochemical 
potentials were registered for Cramoll 1,4/Nafion-
beads, as showed in Fig. 5. A potentiometric 
curve of potential (+E; mV) versus glucose 
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concentration (mM) was obtained, with linearity 
from 0 to 300 mM, revealing a linear regression 
equation +E(mV) = 0.036*[glucose] + 7.059 with 
a correlation coefficient of 0.995 (p < 0.001, n = 
4) in five repetitions. The detection of positive 
potential for Cramoll 1,4 in the absence of 
glucose confirms the charge distribution on 
Cramoll 1,4 surface and its potential redox [7,8]. 
When a system generates negative 

electrochemical potentials it is necessary to use 
chemical mediators, as signal amplifiers, working 
in 100 and 200 mV, lowering the action of 
interferents in biological media [26]. The 
interaction between Cramoll 1,4/Nafion-beads 
and carbohydrate can be a model, without 
mediators, to characterize the lectin-ligand 
interactions and to determine glucose 
concentrations. 
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Fig. 4. Cyclic voltammetric measurements of Cramoll 1,4/Nafion-beads before (I) and after (II) 
interactions with different concentrations of glucose: 100 mM (a); 200 mM (b) and 300 mM (c) 
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Fig. 5. Electrochemical potentials of Cramoll 

1,4/Nafion-beads at different glucose 
concentrations 

  
4. CONCLUSION 
 
The use of cyclic voltammetry allowed the 
detection of a redox potential of 100 mV to 
Cramoll 1,4/Nafion-beads through the interaction 
with different glucose concentrations and 
constitutes another approach to determine 
Cramoll 1,4 activity. Electrochemical potential 
measurements generate a linear response for 
glucose concentrations, being an alternative for 
glucose sensing. Charge transference of lectins 
is a great phenomenon to evaluate              
lectin-carbohydrate interactions in biological 
systems. 
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