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Abstract: The exploration of lipid membranes for the construction of 

nanobiosensors has recently provided the opportunity to construct devices to 

monitor a wide range of compounds of biological interest. Nanobiosensor 

miniaturization using nanotechnological tools has given novel ways to attach a 

wide range of “receptors” in the lipid membrane. The lipids used to construct 

a lipid film based device are dipalmiloylphosphatidylcholine {DPPC} and in 

some cases dipalmitoylphosphatidic acid (DPPA) which is an anionic lipid and 

is used to increase the sensitivity of detection. Most common “receptors” used 

in lipid film biosensors are enzymes such as urease, cholesterol oxidase, 

urecase, etc, antibodies such as D-dimer antibody and artificial or natural 

receptors such as saxitoxin, cholera toxin, calyx[4]arene  phospjoryl receptor, 

etc. This chapter reviews and investigates the construction of nanobiosensors 

based on lipid membranes that are used to monitor various toxicants. It also 

exploits examples of applications with an emphasis on novel devices, new 

nanobiosensing techniques and nanotechnology-based transduction schemes. 

The compounds that can be detected are insecticides, toxins, hormones, 

dioxins, etc. 

 

Keywords: Lipid membrane based nanosensors, Nanoyechology, Graphene 
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Introduction  

A chemical sensor is a device that 

transforms the chemical information of the 

concentration of a specific analyte into an 

analytically useful signal. Chemical sensors 

consist of two components: a chemical 

recognition element (“receptor”) and a 

physicochemical transducer. The recognition 

system translates the chemical information 

(i.e., concentration of the analyte) into 

measurable physical signal. The physical 

transducer provides the signal from the output 

domain of the recognition element into an 

electrical, optical or piezoelectric, etc. domain. 

A biosensor is a self-contained integrated 

device which is capable of providing specific 

quantitative analytical information using a 

biological recognition element (e.g., enzymes, 

antibodies, natural or artificial receptors, cells, 

etc.), which is retained in direct spatial contact 

with a transduction element. Recent reports 

have appeared in the literature that describe 

the nanotechological advances in biosensors 

[1, 2]. 
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The early 1960’s attempts to 

reconstitute lipid bilayers in vitro gradually 

established the so-called “lipid membrane 

technology”. The number of biosensors that 

based on lipid membranes that were used to 

monitor food toxicants, environmental 

pollutants and compounds of clinical interest 

has increased during the last twenty years. 

During the last decade, a number of efforts to 

construct stabilized lipid film biosensors were 

successful; this has given the opportunity to 

prepare sensors to monitor food toxicants and 

environmental pollutants in real samples and 

in the field. The advantages of lipid film 

biosensors are plenty: these membranes are 

biocompatible, they have rapid response 

times, high sensitivity and selectivity and are 

small size. The new generation of stabilized 

lipid film nanobiosensors has the potentiality 

to prepare analytical devices with high 

selectivity, sensitivity and stability. 

Lipid membrane technology reduces 

the complex membrane properties and 

processes to well-controlled and defined 

interactions between biological moieties, lipids 

and transducers (Figure 1 and 2). Although the 

very nature of biological membrane still 

remains elusive [3], it is easy to isolate specific 

membrane properties for drug permeability 

[4] or protein-lipid interaction studies [5] or 

even to control and manipulate nano-

processes on the lipid bilayer by changing 

macro-parameters (pH, temperature, ionic 

strength, lipid composition, etc.) [6]. Biological 

moieties (enzymes, antibodies, receptors, 

ligands, DNA, etc.) can be easily immobilized 

on the surface of lipid membranes [7] or 

embedded into the lipid organization [5] using 

thermodynamically driven self-assembly 

processes or more precise techniques, such as 

patterning [8] or surface printing [9]. 

 

 

Figure 1.  Simplified overview of the function and composition of a biosensor based on lipid 

film technology, illustrating, also, the physicochemical mechanism for the electrochemical 

transduction and the most common screening strategies [from ref. 11] 
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Figure 2. A diagram of the set-up for the formation of lipid membranes that were stable in 

electrolyte solution [from ref. 11] 

 

The lipid micro-environment presents a 

compatible setting for biological species to 

retain their full functionality while 

experimented upon. Further, the physical state 

of the lipid membrane offers an intrinsic signal 

transduction and amplification mechanism, 

perfectly fitted for electrochemical sensing: 

when the biological moiety, attached on or 

embedded in the membrane, interacts with the 

target analyte, lipid-protein and lipid-lipid 

interactions are affected to a degree sufficient 

to disrupt the lipid organization [10]; this 

affects the flux of ions through the membrane 

and can be readily detected as current 

alterations. Figure 1 shows the function and 

composition of a biosensor based on lipid film 

technology, illustrating, also, the 

physicochemical mechanism for the 

electrochemical transduction and the most 

common screening strategies employed. A 

number of recent articles have appeared in the 

literature that mainly describe recent 

advances and applications of various platforms 

of lipid film based biosensors [6.10-14]. 

 

Methods for the preparation of 

stabilized biosensors based on lipid 

membranes 

During the last 10 years, the 

construction of stabilized lipid film based 

biosensors that can not collapse due to an 

electrical or mechanical shock and are 

stabilized in air has been reported by Nikolelis 

group. Below we report the methods for the 

preparation of nanobiosensors that are based 

on lipid membranes with advantages such as 

fast response times, nanosize high selectivity 

and sensitivity and are stabilized in air.   

 

2.1. Stabilized lipid films formed on a 

glass fiber filter  

The stabilized lipid films formed on a 

glass fiber filter have been used for the rapid 

detection of atrazine and for the selective and 

sensitive (nM detection limits) of simazine, 

areazine and propoazine. The preparation of 

stabilized in electrolyte lipid membranes was  

reported by Nikolelis group and these 

membranes were constructed on GF/F glass 
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microfiber (0.9 cm in diameter and 0.7 µm 

nominal pore size) filters [16,17]. The lipid 

used were previously described. No receptor 

was used in these detections. A diagram of the 

experimental set-up is provided in Fig. 2. The 

stable in electrolyte solution lipid films were 

prepared as follows [16,17]: 10 µL of a lipid 

solution in hexane was positioned at the 

electrolyte surface in the cylindrical cell and 

the level of the electrolyte was brought below 

the hole of the partition and then raised again 

within a few seconds. Once the lipid 

membranes were formed, the current was at 

the pA and the injection of gramicidin D shows 

that these membranes were bimolecular.  

 

2.2. Polymer-supported bilayer lipid 

membranes 

The use of a polymer-supported lipid 

film has been used to stabilize lipid membrane 

based devices in the air for periods of over one 

month [18]. 

These stabilized lipid films in air have 

also been used for the rapid detection of 

atrazine and for the selective and sensitive 

(nM detection limits) of simazine, areazine and 

propoazine. The preparation of stabilized in 

air lipid membranes was reported by Nikolelis 

group. The lipids used were previously 

described. No receptor was used in these 

detections.The polymer stable in air lipid 

membranes were constructed as previously 

has been described [19, 20] and is as follows: 

0.07 mL of methacrylic acid, 0.8 mL of ethylene 

glycol dimethacrylate, 8 mg of 2,2’-azobis-(2-

methylpropionitrile) and 1.0 mL of acetonitrile 

are added in 0.8 mL of a suspension that 

contained 4% w/v DPPC in a solvent of n-

hexane [which evaporates and the lipid 

membranes are “solvent-free”). Then nitrogen 

is allowed to pass through this mixture and a 

sonication follows. A volume ot 0.15 mL of this 

suspension is placed on the microfilter 

(Whatman, UK, GF/F microfiber glass disk 

haning diameter of 0.9 cm and pore size of 0.7 

µm) and the filters are irradiated with a UV 

deuterium lamp. The experimental 

instrumentation was the same as in Fig. 1. 

These films were stabilized and could be 

stored ln air for at least 1 month.  

 

2.3. Polymeric lipid membranes 

supported on graphene microelectrodes 

Our group has prepared an electrode 

that was composed from a lipid film on a 

copper wire that contained graphene 

nanosheets [21-23]. The high electrical 

conductivity of graphene is due to zero-

overlap semimetal with electron and holes as 

charge carriers. Each carbon atoms has six 

electrons, and the four outermost electrons are 

available for chemical bonding, but in the 2-D 

plane, each atom is connected to three other 

carbon atoms, and one electron is freely 

available for electronic conduction in the 3-D 

space. These free electrons present above and 

below the graphene sheet are called pi (π) 

electrons and enhance the carbon-to-carbon 

bonds. These bonding and antibonding of 

these π-orbitals dictate the electronic 

properties at low energies. The relatively 

high electrical and thermal conductivity of 

copper is often the main reason for 

selecting copper for the myriad of electrical 

and electronic applications in use today. The 

electrical conductivity scale established in 

1913 was based on a pure copper standard 

defined as 100%. These nanobiosensors were 

utilized for the fast monitoring of food and 

environmental toxicants [21-23] such as urea 

using the enzyme urease, cholesterol (using 

cholesterol oxidease), cholera toxin (using its 

receptor) and saxitoxin (using its receptor). 

The lipid used in these detections was 

phosphatidylcholine. 

The construction of graphene 

microelectrodes has been reported in the 

literature [21-23]. N-methyl-pyrrolidone 

(NMP) was mildly sonicated for 180 hours and 

centrifuged at 700 rpm for 2 h which provides 
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a homogeneous dispersion (∼0.4 mg/mL). 

This dispersion was poured onto a copper 

wire (0.25 mm in diameter) which was placed 

on a glass microfiber filter and the solvent was 

evaporated. The copper acted as the 

connection for the electrochemical 

experiments.  

The method of the construction of the 

lipid film nanobiosensors was reported in the 

literature [21-23]. The “receptor” molecules 

were inserted in these devices prior to 

polymerization by injecting 15 µL of the 

“receptor” suspension on the polymerization 

mixture. The filter-supported polymeric BLMs 

were finally mounted onto the copper wire 

that contained the graphene nanosheets. 

 

2.4 Potentiometric biosensors based on 

ZnO nanowalls and nanowires with 

stabilized polymer lipid films 

The unmodified ZnO nanowalls 

electrodes on an aluminum (Al) foil can be 

prepared by the well known sonochemical 

technique of Nayak et al. [24]. The ZnO 

nanowires were constructed following the 

method as previously reported [25,26]. 

The construction of the stable lipid 

membranes for the detection of cholesterol 

was reported in the literature by Nikolelis 

group [27] and the technique was similar to 

the graphene microelectrode as previously 

described but instead of graphene, we used 

ZnO nanowalls electrodes. These devices were 

used for the detection of cholesterol (using the 

enzyme cholesterol oxidase) and uric acide 

(using urecase). The lipid used in these 

detections were DPPC and DPPA. 

The enzyme (uricase) was incorporated 

in ZnO nanowires with deposited lipid films 

prior to polymerization as reported [28]. 

Construction of the uricase microelectrode 

was finalized by encapsulation of the filter‐

supported polymer lipid membrane onto 

copper wire containing the ZnO nanowires. 

3. Applications of lipid film 

nanobiosensors 

The advantages of lipid membrane 

devices are many: these films are 

biocompatible, they have fast response times 

on the order of seconds, high sensitivity (on 

the order of nM detection limits) and 

selectivity and are small size. The new 

generation of stabilized lipid film 

nanobiosensors has the potentiality to prepare 

analytical devices that are portable with high 

stability in air ans eventually can be 

commercialized following an exaluation/ 

validation. It is also expected to be used in 

“difficult” detections such as analysis of 

allergens or antibiotics in fish, etc. 

An atrazine lipid membrane device 

biosensor was described in the literature; this 

biosensor was based on microfiber glass filters 

between two Saran-WraoTM partition in which 

the lipid was immobilized [29]. A transient ion 

current signal was obtained within 1 min 

following the injection of the herbicide into the 

electrolyte. The introducing an anionic lipid 

(35% DPPA) in the lipid films and calcium ions 

in the electrolyte solution increased the 

sensitivity of the method.  

A flow injection analysis of mixtures of 

simazine, atrazine and propazine when using 

mixtures of phosphatidylcholine and 

dipalmitoylphosphatidic acid in glass fiber 

filter-supported lipid membranes was 

described in the literature [30]. When a 

sample that contained mixtures of these 

compounds was injected into a flowing 0.1 M 

KCl solution, a transient ion current signal was 

obtained in less than 2 minutes following the 

injection. The current heights of these signals 

were related to the herbicide concentration 

with micromolar detection limits. The time of 

appearance of the transient signal varied 

depending on the hydrophobicity of each 

compound and larger in simazine and smaller 

in atrazine and propazine which has permitted 

the simultaneous monkitoring of these 

triazines in mixtures. 
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 A potentiometric urea lipid film based 

device on graphene nanoelectrodes has been 

reported [31]. A simplified version of this 

nanobiosensor is shown in Figure 3. The main 

characteristics of this biosensor are excellent 

reproducibility, sensitivity, selectivity, 

reusability, and fast response times within the 

concentration range of urea between 1×10−6 M 

to 1×10−3 M. 

 

Figure 3. Picture of the lipid film device on 

graphene minielectrode which was used for 

the potentiometric detection of urea 

(reprinted from reference 32). The polymer 

that has been deposited on the GF/F filter is 

used to stabilize the lipid film, the copper wire 

is used.  

 The electrochemical interactions of 

cholera toxin with polymer lipid membranes 

with deposited ganglioside GM1 was described 

in the literature [26]. Injections of cholera 

toxin in the flowing streams of an electrolyte 

solution, provided a current signal of which 

the peak height was related to the 

concentration of the toxin in the solution 

(detection limits 0.06 µM). The response times 

and detection limits became better when a 

polymer lipid film on graphene nanosheets 

(i.e., response times of five minutes, and 

detection limits of 1 nM) was used [26]. The 

method was validated in lake water samples.  

An electrochemical nanobiosensor for 

the determination of saxitoxin was reported in 

the literature [23]. The nanosensor was based 

on graphene nanosheets with stabilized lipid 

membranes and immobilized anti-STX. An 

excellent selectivity, sensitivity and detection 

limits (1 nM) for the determination of 

saxitoxin with rapid response times (ie., 5–20 

minutes) and were obtained.  

A potentiometric cholesterol nanosesor 

was reported by immobilizing cholesterol 

oxidase in polymer lipid films on ZnO 

nanowalls [27]. The enzyme was codeposited 

into the lipid membrane prior polymerization 

on the ZnO nanowalls surface and provided a 

sensitive, selective, stable and reproducible 

cholesterol device. The present biosensor has 

shown biocompatibility and could be 

implanted in the human body. 

An electrochemical nanosensor for uric 

acid has been described by immobilizing 

uricase in polymer lipid film on Zn nanowires 

[28]. This device has shown high sensitivity 

selectivity, stability and reproducibility. The 

presence of a cationic lipid in the lipid films 

has increased the sensitivity of the method by 

two-fold. 

 

4. Conclusions 

The present review describes 

nanobiosensors that are based on lipid 

membranes forr the fast detection and 

monitoring of biological compounds and 

toxicants such as herbicides, toxins, urea, 

cholesterol, etc and provides the advantages of 

lipid membrane devices (i.e. high sensitivity 

and selectivity, fast response times, portability, 

etc). It is of common sense that advances in 

nanotechnology will further provide 

biosensors with even improved 

characteristics.   

Regardless the scope of research, lipid 

membrane platforms have become 

indispensable tools in biosensing and cell 

studies. Many challenges lie ahead, mostly 

referring to the minimization of matrix effects, 

membrane reproducibility and sensor 

reliability [11].  
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 The results have shown that these lipid 

film based devices can be stored and used after 

remaining in the air for periods of one month 

and can be easily constructed at low cost. The 

response times of these nanosensors are on 

the order of seconds and are not bulky and 

much cheaper than chromatographic units; 

these detectors can be complimentary to LC 

and gas chromatographic instruments for in-

field applications for the rapid detection of 

food and environmental toxicants and in 

clinical analysis. These toxicants include 

toxins, carbamates, hydrazines, hormones, 

polycyclic aromatic hydrocarbons, glucose, 

cholesterol etc with high sensitivity and 

selectivity, rapid response times, portability, 

etc. 
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