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Foodborne diseases caused by pathogenic bacteria pose a serious threat to human health.
Early and rapid detection of foodborne pathogens is urgently needed. The use of biosensors to
identify and detect pathogenic bacteria has attracted ample attention because of its high sensitivity,
near real-time quantification without enrichment, on-site detection, simple operation and more.
As a promising alternative recognition element in biosensors, lectin has been widely studied in
bacterial detection because of its high stability and low cost. In this review, we highlight the
progress of lectin-based pathogen detection methods, including various electrochemical methods,
optical methods and quartz crystal microbalance methods, as well as lectin with microfluidic
methods. The interaction mechanism between lectins and bacterial recognition site-sugars are also
introduced. Finally, the future prospects and challenges in the development of lectin-based

biosensors are discussed.
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According to the World Health Organization (WHO) survey results, foodborne diseases
cause millions of infections every year, leading to high rates of morbidity and mortality.! Food
safety incidents not only pose a serious threat to the health of the people, but also causes huge
economic losses to consumers and food-related industries, and adversely affects the social,
economic and political stability of the country. Many different diseases, including those caused by
bacteria, viruses, parasites, chemicals and prions, can be transmitted to humans through
contaminated food, water and environment.? Outbreaks of foodborne diseases and sporadic cases
frequently occur in countries all over the world. Foodborne disease outbreaks have adversely
affected trade and food security.? Due to the seriousness and harmfulness of foodborne diseases, it
is important to pay attention to and solve this problem. Sensitive and efficient detection
technology plays a vital role in ensuring food safety, especially in the control of foodborne
diseases caused by pathogenic bacteria, unfortunately existing detection technology still has flaws
in practical application, but not limited to low sensitivity and poor accuracy. Therefore, it is
necessary to develop fast, accurate and efficient modern food safety detection technology to
quickly detect hazard factors in food. Quickly evaluating the hygienic quality of food can prevent
the occurrence of food poisoning, to effectively controling foodborne diseases.* > In the past few
decades, various methods have been developed to detect foodborne pathogens. Common detection

methods of various foodborne pathogens are listed in detail in Table.
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Comparison of commonly used bacteria detection methods Table 1

Method type Method name Advantages

Disadvantages Detection samples and limit references

of detection (LOD)

Traditional Traditional Simple, high sensitivity,
methods microbial culture low false positive, mature
method technology
Detection Enzyme-linked Simple, specific and
method based immunosorbent rapid,low demand for
on assay equipment
immunology (ELISA)
Immunomagnetic High sensitivity, high

separation technique specificity and fast

separation speed

Immunofluorescence  High sensitivity; high

labeling technique specificity; high speed

Time consuming, instruments are

expensive, and there are many

hot water systems, 69
50cfu-L1,500cfu- L

subjective factors, high activity

requirements
Many influencing factors, unstable Salmonella enteritidis, 103 10-16
results, high requirements for cfu-mL1;

operation and high false positive

Campylobacter jejuni
subsp.jejuni 0:23, 50cfu-pL-!

Low purity, Large sample demand, Escherichia coli ( E. coli) O157 : 17-20

False positive and subjective

False positive H7,102 ¢cfu-mL-!

Vibrio cholerae, 21-23
104cells-400ml
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Nucleic Polymerahain Mature technology and Expensive equipment, easily E. coli O157:H7, 5x10? cellsmL-! 2427
acid-based reaction(PCR) commercialized contaminated, High equipment
detection requirements
method
Isothermaled Simple, fast and specific Poor repeatability, easy cross Salmonella, S. aureus and 28-30
nucleic acid rapid contamination, high false positives  Listeria monocytogenes,
detec technology 10 fg-pL-!
PCR-DHPLC Simple equipment, fast Low stability and accuracy Enterobacter sakazakiis, 181 31-35
analysis spend high cfu-mL!

sensitivity
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In summary, many existing detection techniques have great limitations, including high costs,
experimentation, inflexible conditions and more.?> 37 In the pursuit of quantification and
characterization of pathogens, the biggest analytical challenges are the time-consuming and lack
of sensitivity of common methods. Fast response time and high sensitivity of biosensors address

and solve the analytical challenges of common methods.38

Electrochemical  biosensors,>*#!  surface plasmon resonance(SPR) biosensors,*44
fluorescence biosensors,* colorimetric biosensors,*® surface enhanced Raman scattering(SERS)
biosensors*’ and quartz crystal microbalance (QCM) biosensors*®: 40 are widely used in the
detection of foodborne pathogens. In the present, 68 types of recognition elements have been used
for the detection of bacteria,’® and lectin is one of the most promising substitutes. By using the
sugar-binding physiological function of plant lectins to specifically identify cells, bacteria or
glycoproteins lectin biosensors with high speeds, sensitivity, stability and low cost has been
developed.®' Lectins have unique sugar specificity and can bind non-covalently and reversibly
with sugars. Because of the wide variety of lectins, they have been used in many fields such as
molecular biology, pharmaceutical and clinical medicine lectins have gradually been applied to
the isolation and detection of foodborne pathogenic bacteria due to their specific to bind to
bacterial surface sugar in the eggs and their low cost and high stability compared to antibodies. As
the most important recognition method of bacterial detection, bacteria can be used as antigens and
their corresponding antibodies as recognition elements. The specific binding between antigens and
antibodies is used to develop biosensors to detect bacteria. antibodies show that the change of
charge heterogeneity will affect the spatial conformation of antibodies and even cause changes in
biological activity.’> By fixing lectins, building a sensor to analyze the target, its construction
strategy and analysis process (Fig.1), through the lectin sensor can detect bacteria, glycoproteins
or whole cells, and analyze the sugar type of the sugar chain, including the screening of tumor

markers.>3
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35 . . o .
26 Fig. 1 Construction and Application of Lectin Sensor™3
8273 Lectin can be used with different detection methods and materials to rapidly detect foodborne
% 9 pathogens. Concanavalin A(conA) and wheat germ agglutinin(WGA) are commonly used in the

0
g1 establishment of rapid detection methods for foodborne pathogenic bacteria. Other characteristics
§§ of lectins have also been used with other bacterial detection techniques and other innovative
%4 materials.> 5 Xu et al. established a rapid detection method for E.coli O157:H7 in milk samples

5
%6 based on the observation that the structure of conA changes under different pH conditions, along
gs with immunomagnetic separation and the colloidal gold colouration method. The limit of
]

etection is 41cfu-mL-1. ikaelyan et al. immobilize and lens culinaris agglutinin
39 detect 41cfu-mL-1.5° Mikaelyan et al bilized WGA and 1 1 gelut LCA
40
41 on the surface of silver nanoparticles for the detection of bacteria. The results showed that the
42 . .. .
43 detection limits of WGA to S. aureus and E.coli were 103 cells-mL! and 3x103 cells'mL!,
2: respectively. The detection limits of lentil lectin to S.aureus and E.coli were 5x103 cells'mL"! and
46 5x 10*cells-mL-!, respectively.>*
47
48 There has been a continuous development of a wide variety of nano-materials and detection
gg methods in recent years. As a recognition molecule, lectin can be used with various materials and
51 methods, and have its characteristics be fully utilized. The application prospects in the field of
52
53 foodborne pathogen detection will become more and more broad. The recent development of
gg lectin-based detection technology, calls for a systematic and comprehensive review. Herein, we
56 reviewe the applications of lectin-based EIS, Amperometric, electrochemical displacement,
pp p P

57
58 colorimetric spectra, fluorescence spectra, SPR, SERS and QCM detection techniques in the
Zg detection of foodborne pathogens. The combination of this kind of biosensors with microarray

-7-
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Interaction mechanism between lectins and specific recognition of pathogenic bacteria

Lectin is a group of proteins extracted from plants or animals, which can agglutinate cells and
precipitated glycoconjugates.’® Some contain as much as 55% sugar (such as potato lectins),
composed of mainly mannose, glucose and galactose. There are also sugar-free lectins, such as
conA, WGA and peanut lectin (PNA). The structure of individual lectins are  different. Most of
them are rich in aspartic acid, serine and threonine, but low in Sulfur-containing amino acids. >’
Some lectins contain metal ions needed for their biological activity; for example, each subunit of
ConA contains a Mn*" and a Ca?" . The monomer of ConA (which specifically recognises a
murine D-mannose and a-glucose) contains a Mn2?* binding site S1, a Ca?" binding site S2, and a
sugar-binding site.’® The existence of these two metals is necessary for the specific combination of

ConA and sugar(Fig. 2).%°

Fig. 2 The combining siet of lectin®®

Most lectins are polymerised by subunits, and the specificity of sugar binding to lectins is
related to the conformation of the sugar recognition domain of lectins. The interactions between
sugars and lectins include hydrophobic accumulation, hydrogen bonds and coordination bonds
formed between different sugar ligands and meridian groups, Each of interaction metal ion play a
very important role. Hydrogen bonds are an important force in the recognition for sugar-lectin.
There is a strong hydrogen bond between the light group on oligosaccharide and the polar amino
acid residue on the protein.®0-62

David A. R. Sanders et al. studied on the binding of sugar-lectin in ConA and al-2

dimannose complex with the resolution of 1.2A resolution by electron density map ®3( Fig. 3).
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gi The theory of lectins as recognition molecules emerged in the 1980s.°* Almost of all
%5 biological cells carry sugars on the surface. Acting like the antennae of cells, theses
26
97 monosaccarides or oligosaccharides bind to cellular proteins or phospholipids in a certain way,
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recognising all kinds of foreign information. The relationship between lectins and related sugars is
like the relationship between keys and locks.%

The reason why lectins can bind to specific bacteria is that the cell walls of the bacteria exist
in a structure that corresponds to the specific sugars of the lectin. For example, the cell wall of
Bacillus anthracis contains galactose-containing polysaccharides, which can be specifically
combined with all galactose-specific lectins (such as Soybean agglutinin(SBA)).

Lipopolysaccharide (LPS) of Salmonella typhimurium(S.typhimurium) and related S.

4(1) typhimurium contains terminal D glucose residues, so ConA with this sugar specificity can
42 specifically bind to it.%

43

2‘; Current lectin-based biosensing methods for foodborne pathogens detection

46

47 In the application of biosensors, the biological interaction between lectins and
22 polysaccharides are transformed into signals that are easy to quantify, analyse and present in a
50 user-friendly manner. These biosensors are simple, fast and cheap analytical equipment, and is
g; expected to be a useful tool for bacterial detection.: 60-62. 64-66 T recent years, lectin-based
;31 biosensors using different detection techniques such as electrochemistry methods®”-”3 and Optical
55 methods.*> 7477 Have been proposed and widely studied. Among them, electrochemical
g? technology, especially electrochemical impedance spectroscopy (EIS) has been more and more
gg widely used in various bacterial biosensors because of its simplicit and high sensitivity.

60
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Electrochemical biosensors is portable, small in size and low cost , which use electrodes
(solid electrodes, ion- selective electrodes or gas sensing electrodes) as signal conversion elements
and fixed carriers, Biological sensitivity substances (such as enzymes, antigens, antibodies,
hormones, lectins) or organisms themselves (cells, organelles, tissues) as sensing elements.
Through the specific recognition between biomolecules, the target molecules, their reaction
signals are converted into measurable electrical signals, such as capacitance, current, potential and
conductivity to realize the quantitative or qualitative detection of target analytes(Fig. 4).73-80 The
electrochemical biosensor is a kind of biosensor widely used in the detection of foodborne
pathogenic bacteria. Electrodes act as electron donors or receivers, which can simulate the
electron transfer mechanism and metabolic process of biological systems, and determine
thermodynamic and kinetic parameters. The specificity of the biological reaction, sensitivity and
real-time detection of electrical analysis methods are used to provide a powerful means for the
detection of biological substances.®!- 82 There are several electrochemical techniques that can be

applied to biosensors.?3 84

R ’.;;:ff
.’m&- v
b 5 =3
'?’sisé?@’*:g -
AR

bacteria Biological sensing element Transducer Signal processor

Fig. 4 A schematic of a biosensor with electrochemical transducer
The first application of electrochemical detection in sugar biology was reported by Joshi and
Wang in 2006. PNA was immobilized on a gold substrate coated with mixed self-assembled
monolayer (SAM). The competitive binding degree between nanocrystalline labeled sugars and
analytes was monitored by sensitive amperometric stripping voltammetry. The use of nanoparticle
tracing for monitoring lectin-sugar interaction and a bioassay of disease-related sugar chain

markers was demonstrated for the first time.%
3.1.1 EIS biosensoring methods

The lectin molecule is smaller than the antibody, so it is easy to form a denser biofilm on the
electrode surface, giving the sensitivity of detection. LaBelle et al. developed a compact biosensor
without labeling and rapid (<80s) AC impedance detection of lectin interactions in the first time.8

EIS can detect analytes at the single molecular level in an unlabeled manner and the change of the

-10-
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4 resistance of the layer on the electrode surface to the redox probe in solution. This is due: Io.Iﬂé/DgAtNlmagsaA

Z fact that the higher the amount of protein/DNA on the surface of the biosensor, the higher the

7 resistance of this layer, and this can be used for the quantification of analytes.®’” An unlabeled

8

9 impedance biosensor based on lectin has been developed to detect E. coli. ConA and E. coli are
1(1) immobilized on the surface of screen-printed gold electrode through the formation of
12 lectin-bacterial complex. The detection range of the biosensor was 5.0 x 10% ~ 5.0 x 107 cfurmL-".
13

14 This EIS biosensor shows high selectivity and high sensitivity.®® By optimizing the working
12 conditions of the impedance sensor, such as the pH value of the buffer and the incubation time of
17 lectins, ConA was immobilized on the surface of gold electrode assembled with 1-hydrophobic
18

19 undecanoic acid to detect sulfate-reducing bacteria (SRB). The detection range of SRB

§? concentration is 1.8~1.8x107 cfu-mL-!.% The method has the following advantages, it is simple,

32 low cost and time saving. Making use of the rich lectin binding sites on the surface of bacteria,
3

§4 WGA was further used to enhance the signal. Therefore, an impedance biosensor using a novel
5 . . . . .

%6 screen-printed cross microelectrode (SPIMS) and WGA for signal amplification was proposed for

a; the detection of E. coli O157:H7. The detection limit of the electrochemical impedance

§9 immunosensor is 10>cfu'mL-!, and the linear range is 10~107 cfu'mL"!. The total detection time is
0

§1 less than 1 hour, and it has considerable sensitivity and fast response speed(Fig. 5).%°

32

83

34

35 S $

$6

87 _ _

38 SPIM PTSP prspsams 57

B39 A

40

41

42 > - s

43

44 " St.» :éga . Sza . Sta "™ . " ™

45 - d f; . 5: ' f;k: 5&’

— —_—  — ; — ‘

46 Biotin-Ab BSA ~ Bacterium NN WGA e

47

48 Fig. 5 An electrochemical impedance immunosensor based on self-assembled monolayers

49

50 was proposed for rapid detection of E. coli O157:H7 with signal amplification using WGA.*°

g; It is also interesting to study the charge transfer resistance and anodic current peak of

53 endotoxin contaminated biosensor by electrochemical impedance spectroscopy and cyclic

54

55 voltammetry. An electrode interface was constructed using a L-cysteine-gold nanoparticle

g ? (AuNpCys) composite to be immobilized by electrostatic interaction in the network of a

58 poly(vinyl chloride-vinyl acetate maleic acid) (PVM) layer on a gold bare electrode.

59

60

CramoLL lectin was self-assembled onto PVM-AuNpCys modified gold electrode, and an

-11 -
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AuNp L-cysteine AuNpCys

6 o )w*’

°+“‘\/k
At

|

_—
AuNpCys

PVM

Gold electrode
Gold electrode
Gold electrode
Gold electrode

Gold electrode
Gold electrode

Fig. 6 Mechanism for the reaction of Cys with AuNp and schematic representation of the
PVM-AuNpCys—CramoLL-BSA-LPS biosensor system.’!

The group developed an unlabeled lectin biosensor, which can quantitatively determine the
binding of lectins immobilized on the surface of carbohydrate sensors to LPS on Gram-negative
bacteria for an antibiotic sensitivity test. The sensor uses the quinone group on the polythiophene
interface to form a carbohydrate platform for immobilization of ConA, It can measure LPS
binding by orthogonal quartz crystal microbalance and electrochemical readouts (EQCM). This
orthogonal conversion provides cross-validation, better sensor sensitivity and a dynamic range of
measurement®> The assembly process on the modified electrode was characterized by EIS and
scanning electron microscope (SEM). EIS measurements showed that the resistance charge
transfer (RCT) at the electrode/electrolyte interface increased significantly after the interaction of
ConA lectins with specific carbohydrates in bacterial toxin molecules. Our results show that ConA
lectin still retains its activity after being immobilized on the surface of electrosynthesized
polyaniline(PANI) , and there is an electrochemical impedance response of the bioelectrode,
which is linearly related to the degree of lectin-toxin interaction, and the RCT value for E. coli is

the maximum (14.40 Q k). ) and S. aureus (17.80 Q k). The electrosynthesis PANI thin films is a

-12-
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Z recognition system provides a suitable bionic interface for the detection of specific components of
7 Gram-positive and Gram-negative bacteria.”> Using Ferrocene (FC) as an electrochemical redox
8
9 marker is a promising way to develop ampere and voltammetric biosensors with high sensitivity.?*
10
11 3.1.2 Amperometric biosensing methods
12
1 i Matic glucose electrochemical biosensor is a kind of glucose electrochemical biosensor based
15 on glucose oxidase modified by various substrates. Tangbo et al. prepared a novel amperometric
16
17 biosensor for nonenzymatic glucose. Based on the biospecific binding of ConA to d-glucose on
12 the methionine (TH) modified electrode, ConA was immobilized on the methionine modified
§O electrode, and the sensor surface was established for the specific recognition of glucose. The
1
92 ConA biosensor has a good linear relationship in the concentration range of 1.0x107~1.0x1074M,
gi and the detection limit of d-glucose is 7.5x1077 M. Due to the special adhesion mechanism of
%5 polydopamine (pDA), to TH and ConA amino groups through Michael addition and Schiff base
26
97 reaction, the biosensor platform shows high stability, which shows that the TH signal is almost not
%g weakened during multiple scans, and the biosensor has a good long-term stability speed(Fig. 7).%5
=
§O The team also prepared a new polythiophene interface, which contains the fused quinone part, and
1
32 then glycosylated to form a carbohydrate platform for bacterial detection. Importantly, the
3 . . . .
g 4 interface can be detected by electrochemical and QCM sensors, and by direct fimbrial-mannose
%2 binding and LPS mediated by ConA. The sensor can work in either electrochemical mode or
27 weight mode. In the electrochemical measurement, the peak current of the sensor by square wave
=38
39 voltammetry decreases with the increase of concentration, Which is due to the interference of the
2(1) electron transfer of quinone-viscous thiophene. In the QCM detection mode, on the other hand, the
42 resonance frequency of the sensor varies with the concentration of E. coli. The electrochemical
43
44 detection limit of the sensor is 25cells'mL"!, QCM and 50-mL"!(Fig. 7 and Fig. 8).%° ConA acts as
22 a recognition element for bacterial toxins.
47
48
49
50
51
52
53
54
55
56
57
58
59
60

-13-
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Fig. 7 Schematic presentation of the fabricated glucose amperometric biosensor.%

Fig. 8 Schematic diagrams of different E. coli detection modes: (A) direct detection of E. coli

using fimbriae-mannose binding and (B) detection of E. coli mediated by LPS- mannose-bound

ConA.%
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Fig. 9 The calibration curve of the sensor signal is drawn according to the logarithm of E.

coli concentration, in which (A) represents the SWV electrochemical signal and (B) represents the
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QCM frequency signal. In addition, (A) described the fimbriae-mannose binding thremgh ithee/poaN01450A

oNOYTULT D WN =

SM/TQ interface, and (B) described the ConA-mediated binding through the ConA/SM/TQ

interface.”
3.1.3 Electrochemical displacement biosensing methods

Electrochemical displacement sensor does notrequire a step after the addition of the target
analyte. It is considered to be reagent-less and practical for on-site applications. Firstly, the gold
electrode was modified with thio-mannose/oligoethylene glycol (OEG) conjugated self-assembled
monolayers, and then FC boroxyl alcohol derivatives were pre-assembled on the surface of
mannose as a reporter molecule. The sensor has also been successfully applied to the detection of
E. coli, and the detection limit is about 6x10%cells'ml-!. The fast response time is 15min. It can
still be further developed into a portable sensor device(Fig. 10).°7 Proteins and polymers modified

with synthetic lectins such as boroxyalcohol and boric acid are also interesting.®8-102

9 ' SAM :
formation ‘ assembly

E.coli
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Lectin s
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Fig. 10 Schematic representation of electrochemical displacement assay for carbohydrate

binding protein and E. coli detection.!??
3.1.4 Electrochemical biosensors combined with lectin microarray

In the present, electrochemical sensors based on lectin arrays have also developed. Ertl and
Mikkelsen developed a lectin-based sensor array to qualitatively distinguish bacterial strains. The
lectin modified membrane was fixed on the surface of platinum electrode to obtain the
electrochemical signal of respiratory and circulatory activity. The cells captured on the lectin
modified Immunodyne ABC membrane and physically immobilized on the Pt working electrode
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were measured by chronovolumetric method. The lectin-based sensor array was exposeditoo livze/DoAN01459A
cells of Gram-negative and Gram-positive bacteria and yeast, and was measured by
chronocoulometry to produce a response pattern of each organism to each lectin. Principal
component analysis is used to classify the timing Coulomb results of different microbial strains.
Through this new method, six microbial species (Bacillus cereus, Staphlococcus aureus(S. aureus),
Proteus wvulgaris, E.coli, Enterobacter aerogenes, Saccharomyces cerevisiac) can be easily
identified.!® This strategy has the advantages of simple and low-cost manufacturing of a
controllable and reproducible lectin interface.This has potential to develop new platforms for

detection pathogenic bacteria.
3.2 Optical biosensing methods

Optical biosensors are very attractive because they can directly carry out untagged real-time
detection of bacteria. They are often used for medical purposes and are promising for assessing
many diseases that improve people's quality of life. Optical sensor has several important
advantages. The performance of the optical sensor is not sensitive to electromagnetic interference.
In addition, optical sensors do not need electrical signals in the sensing area, so they can operate in
the hazardous environment of industrial factories. Several types of optical biosensors have been
demonstrated for the detection of chemical contaminants, bacterial pathogens and toxins in
food.!9% 196 Many of the optical biosensors we introduce here are based on the combination of
lectin and magnetic nanoparticles and the specific recognition of lectin to detect pathogens (Fig.

11).

_—
—_—
bacteria Lectin-based magnetic
nanoparticles capture bacteria 2
signal laser

Fig. 11 A schematic of optical biosensor
3.2.1 Colorimetric biosensing methods

The latest development of colorimetric biosensor shows great potential, it is highly sensitive
fast portable, cost-effective, and can meet the actual needs of rapid detection.'%” Xu et al. proposed

a new colorimetric biosensor that uses antibody-modified magnetic nanoparticles to capture and
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4 concentrate E. coli O157:H7, then label it with ConA and adjust the pH value to dlssocmate.Iﬁw/DOAtNomsgA
Z ConA tetramer to release the dimer, collect it and reform the tetramer after changing the pH value
7 to cause the aggregation of dextran modified H7. Because of ConA interesting pH-dependent
8
9 conformation-transformation behavior, ConA can be creatively released from the bacterial surface
1(1) and then reconstructed based on pH regulation for rapid detection of E.coli O157:H7 in milk
12 samples based on pH regulation of dimers/tetramers with ConA and ConA-glycosyl groups. The
13

14 biosensor showed a detection limit as low as 41 cfu-mL!, a short detection time (less than 95
12 minutes) and satisfactory specificity. The biosensor can also be used for the analysis of milk
17 samples.'%® The pH dependent conformation conversion of ConA can also be used in the design of
18
19 other intelligent response devices. Moreover, Mannose derivatives have been self-assembled onto
§? preformed citrate-capped water-soluble gold nanoparticles and developed as a stable colloidal
32 system for the detection of carbohydrate-binding proteins by colorimetry. By using a short (C2)

3
@4 hydrocarbon chain between the gold surface and the mannose recognition center, a selective,
% quantitative and important colorimetric method for analyzing carbohydrate binding protein with
26
ag ConA has been developed(Fig. 12).19°
29 % O a0
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45 _ b 2
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47 " &0 50 E00 T8 B0
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49 . . . . . .
50 Fig. 12 Schematic diagram of colorimetric biosensor.'%
51
52 3.2.2 Fluorescent biosensing methods
53
gg Fluorescence-based sensors have high sensitivity, but the use of tags, require multi-step
56 detection protocols to extend detection time, and the finely balanced affinity of interacting
57
58 biomolecules for displacement analysis, leads to the cross-sensitivity of the sensor to non-target
Zg analytes!%. Hovhannisyan et al. used eggshell lectin-sensitized quantum dots-silver nanoparticles
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hybrid system as recognition ligands to measure the optical changes caused by the interawtionoab/poano1450A
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sensitized nanoparticles with bacteria to detect S.aureus. The fluorescence change caused by the
resonance energy transfer between AgNPs and bacteria during the interaction between (quantum
dots) QDs and bacteria was detected. The application of hybrids provides high sensitivity analysis
and allows the detection limit of S.aureus to be 6x103cells'mL1.11% Lectin-functionalized ZnO
nanorod (ZnO-NR) array has been used as a three-dimensional nano-biological interface. E.coli
was detected by fluorescence microscopic imaging through the multivalent binding of ConA to E.
coli cell surface polysaccharides. The ZnO-NR array detection method based on three-dimensional
lectin functionalization has reasonable detection limit and good linear range (1.0x103~1.0x107cfu

‘mL 1) (Fig.13).111
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Fig. 13 the schematic of ConA-functionalized 3D ZnO-NR array is used for bacterial capture

(a), and the immobilization of of bacterial binding molecules on the surface of 3D ZnO-NR(b).!!!
3.2.3 SPR biosensing methods

SPR is a powerful optical biosensor technique for non-labeled biological affinity interaction
analysis (antigen-antibody, lectin-sugar and receptor hormone). This is a phenomenon that occurs
in the process of optical illumination on the metal surface, which can be used to analyze the
interaction of biomolecules.!’> SPR allows real-time, continuous monitoring of interaction
processes, allowing for use of highly automated equipment for routine analysis without training. A
novel SPR biosensor using lectins as biological receptors for rapid detection of E. coli O157:H7.
The lectins were detected by the recognition principle of selective interaction between lectins and
carbohydrate components on the surface of bacterial cells. When Triticum Valgaris lectin was
used as a binding molecule, the detection limit of E. coli O157:H7 was 3x103 cfu'mL!. The

results show that the lectin-based SPR biosensor is sensitive, reliable and effective for the
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4 detection of E. coli O157:H7, which has a broad prospect in food safety analysis(Fig.14).58:: 10. 1039/DOAtN01459A
5 ! - -
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10 ! lecun !
11
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14 _ Light 2
15 } CODH < coon © SOUrce B & Signal
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18 ——e An —_— etector Ti
bacteria imes (s)
19
O U
1 Fig. 14 Schematic of surface plasmon resonance biosensor based on lectin for the detection
s '
§3 of E. coli O157:H7.113
4
%5 3.2.4 SERS biosensing methods
26
a7 SERS is an ultra-sensitive selective analytical technique, which can be used to detect target
8
29 molecules attached to or adjacent to the surface of precious metal nanoparticles.!'* The
0 . . .
§1 enhancement effect observed is several orders of magnitude larger than that reported by traditional
gg Raman scattering. However, the enhancement effect varies greatly according to the difference
%4 between analyte and substrate.!!'% 115 The lectins were detected by the recognition principle of
5
%6 selective interaction between lectins and carbohydrate components on the surface of bacterial cells.
g; When Triticum Valgaris lectin was used as a binding molecule, the detection limit of E. coli
]
B39 0157:H7 was 3x10° cfu'mL-!. The results show that the lectin-based SPR biosensor is sensitive,
40
41 reliable and effective for the detection of E. coli O157:H7, which has a broad prospect in food
jé safety analysis.!'%128 The SERS of a variety of bacterial strains have been obtained on the SiO,
44 substrate excited by 785nm on gold nanoparticles. On these SERS active substrates, the Raman
45
46 cross-sections of both Gram-positive and Gram-negative bacteria were enhanced by more than 10%.
Z; The surface enhancement makes it possible to observe the Raman spectrum of a single bacterial
49 cell excited by low incident power and short data acquisition time. The SERS spectrum of
50
51 Bifidobacterium anthracis shows the ability to analyze single cell level. These results demonstrate
52 . . . . . . .
53 the potential of SERS to detect and identify species-and strain-specific bacterial pathogens on
>4 these vitreous substrates covered with gold particles.!?® SERS has also been used to study
55
56 carbohydrate-lectin interactions on the surface of mammalian cells. Lectin-functionalized silver
57
58 nanoparticles were used to detect the expression of carbohydrates at the cell interface .!3° The
Zg research group derived this method for the detection of bacterial pathogens, using
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lectin-functionalized magnetic nanoparticles to capture and isolate bacteria from theosamphe/poan01459A

oNOYTULT D WN =

matrix, combined with SERS technology to develop a new type of biosensor for the isolation and
detection of a variety of bacterial pathogens. This new detection method includes the use of
SERS-active nanoparticles with strain-specific antibodies to specifically detect bacterial pathogens.
Therefore, the sample is captured by "magnetic beads" and detected by Raman spectroscopy,
achieving simple and fast optical detection. Three kinds of bacteria (E.coli, S.typhimurium and
methicillin-resistant S. aureus) were isolated and detected successfully with this method. The
lowest detection concentration of each strain was only 10! cfu-mL-!. In addition to the detection of
single pathogen, the mixture of three strains of bacteria was isolated and identified by SERS in the
same sample matrix, and the triple detection was confirmed by principal component analysis. The
multi-channel biosensor has the advantages of fast detection speed and high sensitivity, and can be
used to detect bacterial pathogens in single and multiple channels’. (Fig.15) SERS sandwiched
determination of lectins can detect fungal cell wall polysaccharides with sensitivity less than 200

pg/ml. 13!
l::
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[
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Fig. 15 Schematic illustrating of single-plex and multiplex SERS methods for detection of

pathogenic bacteria.”®
3.3 Lectin-based quartz crystal microbalance methods

QCM equipment is a kind of mass sensor, which is very suitable for the detection of high
molecular weight analytes.!3? The main advantage of QCM in biological measurement is that it
can measure very small quality changes and monitor quality deposition in real time. In addition,
such measurements can be made using natural molecules without labeling.!3* The use of QCM is

based on the change of quartz crystal resonance frequency caused by the mass accumulation
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resulting from carbohydrate-lectin interaction. Lectins were used to bridge specific carbohydrate/poano14504
structures and bacteria with complementary carbohydrate pockets. Functional mannose
self-assembled monolayers combined with ConA were used as molecular recognition elements,
Finally QCM was used as a sensor to detect E. coli W1485. The multivalent binding of ConA to O
antigen on the surface of Escherichia coli promotes the strong adhesion of Escherichia coli to
mannose-modified QCM surface by forming bridge bonds between them. The results showed that
the sensitivity and specificity of carbohydrate QCM biosensor were significantly improved and the
detection limit was hundreds of bacterial cells 7.5%x102~7.5x107cells mL-'(Fig. 16 and Fig. 17).134
Serra et al. developed a method of using ConA and E. coli to evaluate lectin immobilization
methods and biosensors, and to detect and quantify microorganisms by immobilizing lectins on
the surface of gold-plated quartz crystals. The detection limit of E. coli is 1.0x10* cfu-mL-!, when
using free bacteria binding to lectins. Introducing a filter into the measurement cell can
significantly change the frequency of E. coli at the concentration of 1.0x103cfu-mL-!, further

improving the sensitivity and distinguish between living cells and non-living cells.!3

Direct E. coli Detection Con A Mediated E. coli Detection
Fig. 16 Schematic Presentation of Direct E. coli Detection and Con A-Mediated E. coli

Detection.!3*

Sample Injection

QCM Sensor

Kel- F Cell

Metwork Impedance
Analyzer Faraday Cage

Fig. 17 QCM Sensor Setup.'3*
A new method for identifying Campylobacter jejuni strains based on lectin-bacteria
interactioncharacterized seven strains of Campylobacter jejuni by lectin type. Each strain had
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different dissipation patterns measured by QCM sensors. Four kinds of lectinH o WioaA9/D0AN01459A
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Maackiaamurensis lectin, Lensculinaris lectin and con A) were used to select the recognized
bacteria according to their different carbohydrate specificity. The gold surface of quartz crystal
was modified with 11-mercaptodecanoic acid. Bacterial cells can be used for lectin typing without
preliminary treatment.!3¢ The advantage of this method is that the analysis results are reliable and
repeatable, and avoids the necessity of bacterial sample preparation. This method can also be
further developed to be suitable for the identification of other bacterial species, especially
pathogens. Lectins can also be immobilized on the surface of 11-mercaptodecanoic acid modified
crystals by amine coupling, which is a new method for flow injection detection of pathogenic
enterobacteria based on lectin QCM biosensor. Biosensors can identify the presence of different
bacteria using lectins immobilized on the surface of QCM crystals, which specifically bind to
some oligosaccharides injected into the bacterial cell wall. The biosensor has a detection limit of
103cells. The determination of bacterial cells by flow injection takes about 30 minutes. This
method can achieve rapid and sensitive quantitative analysis, and it not lose the activity of lectins
when used many times.!3” QCM biosensor can be used for the selective detection of marine
pathogenic SRB, based on vancomycin-functionalized magnetic nanoparticles (Van-mNPs) in an
external magnetic field with bacteria-mNPs conjugates attached to the gold electrode surface.
QCM biosensor showed obvious response to vancomycin-sensitive S. aureus, but not to
vancomycin-resistant Vibrio anguillarum. There is a good linear relationship between QCM
response and logarithm of bacterial concentration in the range of 1.8x10* ~ 1.8x107cfu'mL-!. The
sensor system has a broad application prospect and provides a simple and convenient method for

the detection of pathogenic bacteria.!38
3.4 Lectin-based microfluidic methods

The field detection technology of microfluidic chip is a rapid detection technology developed
in the past decade. Because the microfluidic technology has the characteristics of sample flow
control, chip closure, small pipeline and strong controllability, the detection sensitivity and
repeatability of the microfluidic chip field detection technology are improved in varying degrees
compared with the traditional detection technology. Therefore, the field detection technology of
microfluidic chip is favoured more and more by the market. The combination of microfluidic chip
technology and lectins as a means of bacterial detection is also the focus of many people's
attention.!3% 140 Nguyen et al. developed a highly sensitive nano-biosensor based on isothermal
amplification, which combines microfluidic enrichment with conA functionalized microchannels

and asymmetric herringbone groove arrays for rapid detection of pathogens. The experimental
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4 results show that this unlabeled method can real-time detect the serum concentratiom: wficSe/DoANO1459A
Z typhimurium in urine samples (10 mL) as low as 5cfumL!. In addition, the use of microfluidic
7 enrichment increased the sensitivity by 1.76 orders of magnitude. The whole experiment was
8
9 completed in 100 minutes!'#!(Fig. 18). This work has demonstrated that an integrated microfluidic
1(1) system can automate the entire process to detect Salmonella or other pathogenic bacteria causing
12 urinary tract infection, The whole process, including bacterial isolation, cell lysis, nucleic acid
13
14 amplification and optical detection, can be performed on a single chip.
15
16
17
18 ] Isothermal
19 amplification ==
-
0 Flow divection
1 .
2 oo —
:23 Can A “ E ) §
@4 mm’ ﬂmi g 2
%5 T Wadengh
§6 (a) Bacterial pathogen (b) Microfluidic enrichment (c) Nanobiosensor for detection
7 . . . . . . L
88 Fig. 18 The principle of rapid and efficient detection of bacteria by the combination of
% 9 microfluidic enrichment method and DNA nano-biosensor.!4!
0
1 .
52 4. Conclusion and prospect
33
34 Lectins have unique sugar specificity and can bind non-covalently and reversibly with sugars.
5 . . . . .
% 6 Because of their wide variety, lectins have been used in many fields such as molecular biology,
27 pharmacy, clinical medicine and so on. Lectins have been gradually applied to the isolation and
38
29 detection of foodborne pathogenic bacteria because of their specific binding ability to bacterial
40 . . i . . .
41 surface sugar eggs and their low cost and high stability compared with antibodies. In the present,
2; the application of lectins in the isolation and detection of foodborne pathogens has gradually
44 matured, and it is not uncommon for concanavalin An and wheat germ lectins to be used in the
45
46 rapid detection of foodborne pathogens. There are more reports that were not discussed.!*?Further
j; application of other characteristics of lectins, combined with other bacterial detection techniques,
49 was led to the innovative development of rapid detection methods. Despite these developments,
50
51 some key issues still need to be solved in future research, and we speculate on some of these
gg directions. The main issues are as follows:
54 (1)the selectivity of lectin-based methods is one of the biggest
55
56 challenges in the detection of some target bacteria. Lectins are specific for bacterial
7 .. . . . C e . . .
gs recognition, but they are not as specific as antibodies. Moreover, it is difficult to achieve specific
59 recognition in multiple and complex real environments. To understand the interaction between
60
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4 bacterial surfaces and lectins immobilized in biosensors and to improve the recognition S}mtm&vﬁ/DgAtN101a§9A
Z lectins is important. Lectin microarray, combined with immunomagnetic separation and PCR
7 technology, can help to improve the selectivity.
8
9 (2)the sensitivity of the new method based on lectin is sufficient, and the biosensor can
1(1) replace the traditional methods and meet the needs of food safety. According to the review of the
12 literature, the LOD value of most lectin-based methods is 103cfumL-!, but microfluidic methods
13
14 can be as low as 5 cfumL", so work is still needed to enhance the signal. For example the use of
12 excellent nanomaterials combine with microfluidic methods.
17 (3)The existing reports on the application of lectins for the detection of foodborne pathogens
18
19 still have great limitations. The types of lectins used are very limited, and the development and
§? utilization of various lectins is not thorough enough, especially in practical application. With the
32 continuous development of related fields of biology, people have obtained a deeper understanding
3
4 of lectins. We need to constantly develop new lectins for the detection of bacteria. It is believed
5 . . . . .
%6 that lectins will be able to play a greater role in the field of rapid detection of foodborne
8{73 pathogens.There is an urgent need to develop an easy-to-use, cost-effective, rapid and sensitive
§9 field detection method for foodborne pathogens. With the development of nanomaterials and
0
§1 microfluidic emerging technologies, many new lectin-based detection systems integrated with
%g these emerging technologies are expected to successfully be able to perform on-site real-time
%4 detection of foodborne pathogens.
5
o In conclusion, with the rapid development of nanotechnology, biotechnology and
$6
g; microfluidic technology, many new lectin-based detection systems combined with these emerging
]
39 technologies are expected to be successful in the detection of foodborne pathogens in the furture.
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Enzyme-linked immunosorbent assay(ELISA)
Polymerahain reaction(PCR)

Surface plasmon resonance(SPR)

Surface enhance Raman scattering(SERS)
Quartz crystal microbalance(QCM)
Concanavalin A(ConA)

Wheat germ agglutinin(WGA)

Escherichia coli(E.coli)

Peanut lectin(PNA)

Soybean agglutinin(SBA)
Lipopolysaccharide(LPS)

Electrochemical impedance spectroscopy(EIS)
Self-assembled monolayer(SAM)
Sulfate-reducing bacteria(SRB)
Screen-printed cross microelectrode(SPIMS)
Cysteine-gold nanoparticle(AuNpCys)
Polylvinyl chloride-vinylacetate maleic acid(PVM)
Quartz crystal microbalance and electrochemical readouts(EQCM)
Scanning electron microscope(SEM)
Resistance charge transfer(RCT)
Electrosynthesized polyaniline(PANI)
Ferrocene(FC)

Oligoethylene glycol(OEG)

Methionine(TH)

Polydopamine(pDA)

Salmonella Typhimurium(S. Typhimurium)
Staphylococcus aureus(S. aureus)
ODs(quantum dots)

ZnO nanorod array(ZnO-NR)

Vancomycin-functionalized magnetic nanoparticles(Van-mNPs)
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