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Analytical devices incorporating a biological material or a
biomimic (e.g. tissue, microorganisms, organelles, cell
receptors, enzymes, antibodies, nucleic acids etc.), intimately
associated with or integrated within a physicochemical
transducer or transducing microsystem, which may be;

�   optical,
�   electrochemical,
�   thermometric,
�   magnetic or
�   piezoelectric. 

What is a Biosensor?  



What is a Biosensor?  



Biosensors are finding use in increasingly broader ranges of application.  The
following list describes some of the current applications. 
 
•     Clinical diagnosis and biomedicine 
•     Farm, garden and veterinary analysis 
•     Process control: fermentation control and analysis 
•     Food and drink production and analysis 
•     Microbiology: bacterial and viral analysis 
•     Pharmaceutical and drug analysis 
•     Industrial effluent control 
•     Pollution control and monitoring 
•     Mining, industrial and toxic gases 
•     Military applications 

Where are Biosensors Being Used?



The quartz crystal microbalance (QCM, right) is an extremely sensitive mass
sensor, capable of measuring mass changes in the nanogram range. QCM’s are
piezoelectric devices fabricated of a thin plate of quartz, with gold electrodes
affixed to each side of the plate.

Quartz Crystal Microbalance (QCM)



BiotechnologyBiotechnology

o o InteractionsInteractions of DNA  of DNA andand RNA  RNA withwith  complementarycomplementary  strandsstrands
o o SpecificSpecific  recognitionrecognition of protein  of protein ligandsligands  byby  immobilizedimmobilized  receptorsreceptors, , immunologicalimmunological
   reactions   reactions
o o DetectionDetection of  of virusvirus  capsidscapsids, , bacteriabacteria, , mammalianmammalian  cellscells
o o AdhesionAdhesion of  of cellscells, , liposomesliposomes  andand  proteinsproteins
o o BiocompatibilityBiocompatibility of  of surfacessurfaces
o o FormationFormation  andand  preventionprevention of  of formationformation of  of biofilmsbiofilms

DrugDrug  ResearchResearch

o o DissolutionDissolution of  of polymerpolymer  coatingscoatings
o o MolecularMolecular  interactioninteraction of  of drugsdrugs
o o CellCell  responseresponse  toto  pharmacologicalpharmacological  substancessubstances
o o DrugDrug  deliverydelivery

APPLICATIONS OF QCM



Types of Electrodes used in QCM Studies

• Gold (Au)

• Platinum (Pt)

• Silver (Ag)



LigandLigand Counter Counter ligandligand

AntibodyAntibody Antigen, virus, cellAntigen, virus, cell

InhibitorInhibitor Enzyme (Enzyme (ligandsligands are often substrate analogs   are often substrate analogs  
oror  cofactor analogs)cofactor analogs)

LectinLectin Polysaccharide, Polysaccharide, glycoproteinglycoprotein, cell surface, cell surface

ReceptorReceptor   membrane protein, cellmembrane protein, cell

Nucleic acidNucleic acid Nucleic acid binding protein (enzyme or Nucleic acid binding protein (enzyme or histonehistone))

Hormone, vitaminHormone, vitamin Receptor, carrier proteinReceptor, carrier protein

Affinity Interactions used in QCM



Affinity Interactions used in QCM



Molecules may be immobilized either passively through;

�Hydrophobic

�Ionic interactions

�Covalently by attachment to activated surface groups.

Noncovalent surfaces are effective for many applications; however, passive
adsorption fails in many cases.

Covalent immobilization is often necessary for binding of molecules that do not
adsorb, adsorb very weakly, or adsorb with improper orientation and
conformation to noncovalent surfaces.

Covalent immobilization may result in better biomolecule activity, reduced
nonspecific adsorption, and greater stability.

Immobilization 



Immobilization reaction should have several characteristics;

Firstly, the reaction should occur rapidly and therefore allow the use of low
concentrations of reagents for immobilization.

The chemistry should require little, if any, post-synthetic modification of ligands
before immobilization to maximize the number of compounds that can be
generated by solution or solid-phase synthesis and minimize the cost of these
reagents.

Immobilized ligands must be in an oriented and homogeneous manner.

Immobilization 



Amino-NH2,

Carboxy-COOH,

Aldehyde-CHO,

Thiol-SH,

Hydroxyl-OH

The immobilization process should occur selectively in the
presence of common functional groups, including amines, thiols,
carboxylic acids, and alcohols.

Immobilization 



Surface density of the ligand should be optimized.

Low density surface coverage will yield a correspondingly low frequency.

High surface densities may result steric interference between the covalently
immobilized ligand molecules, impending access to the target molecules.

Immobilization 

1) unhindered binding. 2) inaccessible binding site. 3) hindered binding site when adjacent site is
occupied. 4) restricted access binding site.



Correct orientation of the ligand molecules on the surface, and using a spacer arm
are important and critical and makes the ligand available for the target.

Immobilization 



Proteins are much more sensitive to their physiological environments and can
easily be degraded or denaturated by physical or chemical effects. Protein`s 3-D
confirmation must not change during immobilization procedure.

DNA molecules are much more stable then proteins.

It is easier to immobilize DNA molecules.

Immobilization 



• Modification of the gold electrode surface to create functional groups.

• Modification of biomolecules for covalent attachment to the surface.

Preparation of Surface for Biomolecule Immobilization



••  CleaningCleaning  thethe  surfacesurface of  of electrodeelectrode

•• Modification Modification of  of thethe  surfacesurface  toto  createcreate  fuctionalfuctional  groupsgroups  byby;;

PolymerPolymer  CoatingCoating

GlowGlow  DischargeDischarge

DippingDipping

SpinSpin  CoatingCoating

ElectrochemicalElectrochemical  depositiondeposition

LangmuirLangmuir  andand  LangmuirLangmuir--BlodgettBlodgett  filmsfilms

ChemicalChemical  ModificaitonsModificaitons

 Self Self--assembledassembled  monolayersmonolayers ( (SAMsSAMs))

Preparation of Surface for Biomolecule Immobilization



Proteins and nucleic acids must first be immobilized on the gold surface of the
quartz crystal. In principle, proteins can be fixed noncovalently onto gold by
physical adsorption. However, these surfaces are not stable during prolonged
buffer rinses, especially if regeneration procedures are carried out. To sterically
assist analyte binding, it is advantageous to couple the receptors to the gold
surface via a linker molecule.

The linker layer serves as a functionalized structure for further modification of
the surface, as well as creates a barrier to prevent proteins, DNA and other
ligands from coming into contact with the metal.

Preparation of Surface for Biomolecule Immobilization



General Route for Immobilization

Cleaning the surface Modification of surface

OH  NH2 COOH COH SHPiranha Solution

OH  NH2 COOH COH SH

Immobilization of Biomolecule Proteins

ss-DNA



Proteins

ss-DNA

General Route for Immobilization

Addition of Blocking agents

Glycine

6-mercapto-1-hexanol

Ethanolamine HCl

Proteins

ss-DNA



General Route for Immobilization

Proteins

ss-DNA

Interaction with an antigen

Interaction with its counter strand

Proteins

ss-DNA



Organosulfur compounds on gold was a widespread method for the preparation of
self-assembled monolayers (SAMs).

If the alkyl chain is long enough, these architectures are very stable and show a
molecular orientation nearly perpendicular to the surface.

Creating Functional Groups

3,3’-dithiodipropionic acid

S

S

COOH

COOH

Thiosalicylic acid Cysteamine

11-Mercaptoundecanol

16-mercaptohexadecanoic acid

COOH

SH
HS

NH2

HS OH

HS
COOH



Surface Chemistry
Cross-linking Strategies for Protein Immobilization



R-COOH

R-NH2

CHO

SH

Amine-modified DNA

2HN- DNA

Carboxylated or
Phosphorylated DNA

Amine-modified DNA

2HN- DNA

Thiol-modified DNA

HS- DNA

Surface Chemistry
Cross-linking Strategies for DNA Immobilization



Surface Chemistry
Cross-linking Strategies for DNA Immobilization

www.srv.chim.unifi.it/ ana/surpz2.htm 

Interaction or immobilized streptavidin carrying surfaces with Biotin modified-DNA



Examples from Literature

Immobilization of Antibodies

A A piezoelectricpiezoelectric  immunosensorimmunosensor  waswas  developeddeveloped  forfor  rapidrapid  detectiondetection of  of EscherichiaEscherichia
colicoli  O157:H7. O157:H7. TheThe  immunosensorimmunosensor  couldcould  detectdetect  thethe  targettarget  bacteriabacteria in a  in a rangerange of of
103–108 CFU/ml 103–108 CFU/ml withinwithin 30–50  30–50 minmin..

TheThe  developmentdevelopment of  of newnew  methodsmethods  forfor  rapidrapid  detectiondetection of  of microorganismsmicroorganisms,,
particularlyparticularly  thethe  infectiousinfectious  andand  toxigenictoxigenic, , remainsremains a  a challengechallenge  toto  thethe  scientistsscientists in in
variousvarious  fieldsfields..

EscherichiaEscherichia  colicoli  O157:H7 is O157:H7 is oneone of  of thethe  mostmost  dangerousdangerous  pathogenspathogens. . FirstFirst
discovereddiscovered in 1982,  in 1982, thisthis  bacteriumbacterium has  has beenbeen  implicatedimplicated in  in hemorrhagichemorrhagic  colitiscolitis  andand
hemolytichemolytic  uremicuremic  syndromesyndrome, , bothboth of  of whichwhich  causecause  waterywatery  followedfollowed  byby  bloodybloody
diarrhoeadiarrhoea, , bloody bloody fecesfeces, , kidneykidney  failurefailure, , andand  eveneven  deathdeath, , especiallyespecially in  in childrenchildren..

X.L.Su and Y.Li,  Biosensors and Bioelectronics 19 (2004) 563–574



Examples from Literature

TheThe  cleanedcleaned  crystalscrystals  werewere  immersedimmersed in in
an an ethanolethanol  solutionsolution of 16- of 16-
mercaptohexadecanoicmercaptohexadecanoic  acidacid (MHDA). (MHDA).

MHDA-MHDA-modifiedmodified  crystalscrystals  werewere  treatedtreated
withwith EDC ( EDC (CarbodiimideCarbodiimide)-NHS (N-)-NHS (N-
hydroxysuccinimidehydroxysuccinimide) ) toto  convertconvert  thethe
terminal terminal carboxyliccarboxylic  groupgroup  toto an  an activeactive
NHS ester.NHS ester.

AfterAfter  rinsingrinsing  withwith  waterwater  andand  dryingdrying,,
anti-anti-E. E. colicoli  O157:H7 O157:H7 antibodiesantibodies  werewere
addedadded  ontoonto  AuAu  electrodeselectrodes  andand  storedstored at at
4 C 4 C overnightovernight (at  (at leastleast 15 h). 15 h).

TheThe  excessexcess  antibodiesantibodies  werewere  removedremoved  byby
rinsingrinsing  withwith PBS. PBS.

X.L.Su and Y.Li,  Biosensors and Bioelectronics 19 (2004) 563–574

Immobilization of Antibodies



Examples from Literature
Immobilization of Antibodies

FerritinsFerritins  areare a  a classclass of  of storagestorage  proteinsproteins  widelywidely  distributeddistributed in  in vertebratesvertebrates,,
invertebratesinvertebrates, , plantsplants, , fungifungi, , andand  bacteriabacteria. . TheThe  majormajor  functionfunction of  of ferritinferritin is  is toto  storestore
andand  detoxifydetoxify  intracellularintracellular  ironiron. At . At extremelyextremely  elevatedelevated  ironiron  levelslevels, , ferritinferritin can be can be
disproportionatelydisproportionately  increasedincreased. . TheThe  increasedincreased  levellevel of  of ferritinferritin is  is knownknown as a as a
nonspecificnonspecific marker of  marker of inflammatoryinflammatory  processesprocesses  andand  neoplasmsneoplasms..
ItIt  waswas  demonstrateddemonstrated  toto be  be elevatedelevated in  in thethe sera of  sera of patientspatients of a  of a widewide  varietyvariety of  of tumorstumors,,
••          humanhuman  breastbreast  cancercancer,,
••          renalrenal  cellcell  carcinomacarcinoma,,
••          hepatocellularhepatocellular  carcinomacarcinoma,,
••          larynxlarynx  cancercancer  andand
••     malignant     malignant  neoplasms neoplasms of of maxillamaxilla, , etcetc..

oror in  in significantsignificant  diseasesdiseases,,
••          likelike HIV  HIV infectioninfection,,
••          Still’sStill’s  diseasedisease,,
••          leukocytosisleukocytosis,,
••          reactivereactive  hemophagocytichemophagocytic  syndromesyndrome..

S.-F. Chou et al. / Analytica Chimica Acta 453 (2002) 181–189



Immobilization of Antibodies
A A newnew  humanhuman  ferritinferritin  immunosensorimmunosensor
waswas  developeddeveloped  usingusing anti- anti-humanhuman  ferritinferritin
antibodiesantibodies ( (AbsAbs) ) immobilizedimmobilized on  on thethe
goldgold  discdisc of a  of a quartzquartz  crystalcrystal
microbalancemicrobalance (QCM). (QCM).
ThisThis  humanhuman  ferritinferritin  immunosensorimmunosensor had had
somesome  advantagesadvantages: : highhigh  sensitivitysensitivity, , highhigh
specificityspecificity, , lowlow  samplesample  requirementrequirement,,
highhigh  reusabilityreusability..

TheThe  crystalcrystal  waswas  immersedimmersed  withwith a a
cystaminecystamine  solutionsolution..

TheThe  crystalcrystal  waswas  dippeddipped  intointo  aqueousaqueous
glutaraldehydeglutaraldehyde  solutionsolution..

ThenThen, , thethe  crystalcrystal  waswas  immersedimmersed  withwith a a
Ab Ab solutionsolution ( (IgMIgM).).

TheThe  crystalcrystal  waswas  blockedblocked  withwith a  a glycineglycine--
PBS PBS solutionsolution..

S.-F. Chou et al. / Analytica Chimica Acta 453 (2002) 181–189

Examples from Literature



An An immunosensorimmunosensor  forfor  thethe  determinationdetermination of  of okadaicokadaic  acidacid (OA)  (OA) usingusing a  a quartzquartz
crystalcrystal  microbalancemicrobalance (QCM)  (QCM) waswas  developeddeveloped  andand  optimisedoptimised in  in standardstandard  solutionssolutions..
SeveralSeveral  couplingcoupling  techniquestechniques, protein A, protein G , protein A, protein G andand  polyethyleniminepolyethylenimine (PEI)  (PEI) withwith
glutaraldehydeglutaraldehyde (GA)  (GA) crosscross--linkinglinking, , werewere  investigatedinvestigated  forfor  thethe  determinationdetermination of of
okadaicokadaic  acidacid  andand a  a veryvery  goodgood  resultresult  waswas  obtainedobtained  withwith PEI  PEI couplingcoupling..

TheThe  crystalcrystal  surfacesurface  waswas  modifiedmodified  withwith  polymerpolymer  polyethyleniminepolyethylenimine  andand  thethe  freefree
aminoamino  groupsgroups  obtainedobtained  werewere  activatedactivated  byby  glutaraldehydeglutaraldehyde. OA–BSA . OA–BSA conjugateconjugate  waswas
thenthen  boundbound  toto  thethe  activatedactivated  derivativesderivatives  toto form a  form a crosscross--linkedlinked  complexcomplex, , whichwhich
stronglystrongly  attachedattached  toto  thethe  goldgold  surfacesurface of  of thethe  crystalcrystal, , resultingresulting in  in goodgood  longlong--termterm
storagestorage  propertiesproperties..

TheThe  detectiondetection of  of okadaicokadaic  acidacid, a , a keykey  algalalgal  toxintoxin in  in thethe  environmentenvironment..

Immobilization of Antibodies

Examples from Literature

A.X.J. Tang et al. / Analytica Chimica Acta 471 (2002) 33–40.



Immobilization of Antibodies

Examples from Literature

TheThe  crystalcrystal  surfacesurface  waswas  cleanedcleaned..

PEI (PEI (polyethyleneiminepolyethyleneimine) ) waswas  addedadded  ontoonto  thethe  crystalcrystal  surfacesurface..

TheThe  freefree  aminoamino  groupgroup  obtainedobtained on  on thethe  crystalcrystal  surfacesurface  waswas  activatedactivated  usingusing  glutaraldehydeglutaraldehyde..

OkadaicOkadaic  acidacid--BovineBovine Serum  Serum AlbuminAlbumin (OA–BSA)  (OA–BSA) conjugateconjugate  waswas  thenthen  boundbound  toto  thethe
activatedactivated  derivativesderivatives  toto form a  form a crosscross--linkedlinked  complexcomplex  toto  detectdetect  thethe  amountamount of Anti- of Anti-
okadaicokadaic  acidacid  antibodyantibody (Anti-OA Ab). (Anti-OA Ab).

A.X.J. Tang et al. / Analytica Chimica Acta 471 (2002) 33–40.



DithiodipropionicDithiodipropionic  acidacid is is
reactedreacted  withwith  thethe  goldgold  surfacesurface,,

ThenThen  byby  carbodimidecarbodimide
activationactivation of  of thethe  carboxyliccarboxylic
acidacid  groupsgroups, , avidinavidin ( (oror
streptavidinstreptavidin) is ) is attachedattached..

FinallyFinally  biotinbiotin  carryingcarrying DNA DNA
is is immobilizedimmobilized  specificallyspecifically
withwith  thethe  bindingbinding  reactionreaction of of
avidinavidin  withwith  biotinbiotin..

Immobilization of biotin modified-DNA

Examples from Literature



A DNA A DNA piezoelectricpiezoelectric  sensorsensor has  has beenbeen  developeddeveloped  forfor  thethe  detectiondetection of  of geneticallygenetically
modifiedmodified  organismsorganisms ( (GMOsGMOs).).

TwoTwo  differentdifferent  probeprobe  immobilisationimmobilisation  proceduresprocedures  werewere  appliedapplied::
(a) a (a) a thiolthiol//dextrandextran  procedureprocedure  andand
(b) a (b) a thiolthiol--derivatisedderivatised  probeprobe  andand  blockingblocking  thiolthiol  procedureprocedure..

TheThe  resultsresults  obtainedobtained  showedshowed  thatthat  bothboth  immobilisationimmobilisation  proceduresprocedures  enabledenabled  sensitivesensitive  andand
specificspecific  detectiondetection of  of GMOsGMOs, , providingproviding a  a usefuluseful  tooltool  forfor  screeningscreening  analysisanalysis in  in foodfood
samplessamples..

A A geneticallygenetically  modifiedmodified  organismorganism (GMO) is  (GMO) is referredreferred  toto as a  as a livingliving  organismorganism  whosewhose
genomegenome has  has beenbeen  modifiedmodified  byby  thethe  introductionintroduction of an  of an exogenousexogenous gene  gene ableable  toto  express express anan
additionaladditional protein  protein thatthat  confersconfers  newnew  characteristicscharacteristics,,
i.e. i.e. herbicideherbicide  tolerancetolerance  oror  resistanceresistance  toto  virusvirus, , antibioticantibiotic  andand  insectinsect..

Immobilization of biotin modified-DNA

Examples from Literature

I. Mannelli et al. / Biosensors and Bioelectronics 18 (2003) 129-140.



Immobilization of biotin modified-DNA

TheThe  goldgold  sensorsensor  surfacesurface  waswas  modifiedmodified  withwith 11- 11-
mercaptoundecanolmercaptoundecanol..

ActivationActivation of 11-  of 11- mercaptoundecanolmercaptoundecanol
modifiedmodified  surfacesurface  withwith  epichlorohydrinepichlorohydrin  forfor
carboxylatedcarboxylated  dextrandextran  immobilizationimmobilization..

ImmobilisationImmobilisation of  of streptavidinstreptavidin in  in thethe  precenseprecense of of
carbodiimidecarbodiimide  andand NHS. NHS.

BlockingBlocking of  of residualresidual  reactivereactive  sitessites  withwith
ethanolamineethanolamine  HClHCl..

ThenThen  thethe  immobilisationimmobilisation of  of biotinylatedbiotinylated
oligonucleotideoligonucleotide..

I. Mannelli et al. / Biosensors and Bioelectronics 18 (2003) 129-140.

Examples from Literature



Immobilization of thiol modified-DNA

TheThe  goldgold  sensorsensor  surfacesurface  waswas  modifiedmodified
withwith a  a thiolthiol--derivatisedderivatised  probeprobe ( (OligoOligo--
C6-SH.C6-SH.

AndAnd  thenthen, , withwith a  a thiolthiol (6- (6-mercaptomercapto-1--1-
hexanolhexanol, MCH, , MCH, forfor  blockingblocking of  of residualresidual
reactivereactive  sitessites..

I. Mannelli et al. / Biosensors and Bioelectronics 18 (2003) 129-140.

Examples from Literature



                                                                                                                                        

    Extraction   Polymerization  Self-AssemblySelection

Molecular imprinting is a process by which functional monomers are allowed to
self-assemble around a template molecule and subsequently crosslinked into place.
Under defined conditions, the template molecule can be removed, leaving behind a
cavity complementary in shape and functionality, which will bind molecules
identical to the template. The imprint functions like a lock that is only compatible
with the correct key.

Molecular Imprinting

Examples from Literature



Examples  from Literature

InIn  thisthis  studystudy, , imprintedimprinted  polymerspolymers  forfor  indoleaceticindoleacetic  acidacid (IAA),  (IAA), whichwhich is a  is a plantplant
hormonehormone  andand  actsacts as a  as a plantplant  growthgrowth  factorfactor, , werewere  preparedprepared  withwith N;N- N;N-
dimethylaminoethyldimethylaminoethyl  methacrylatemethacrylate as  as thethe  functionalfunctional  monomermonomer  andand  thethe  polymerspolymers
showedshowed  highhigh  affinityaffinity  andand  selectivityselectivity  forfor IAA. IAA.

Imprinted polymer-coated QCM sensors

indoleacetic acid (IAA)

A. Kugimiya, T. Takeuchi, Electroanalysis, 1999, 11, No. 15, 1158-1160.



Samples from Literature

IAA (IAA (IndoleaceticIndoleacetic  acidacid), N;N-), N;N-dimethylaminoethyldimethylaminoethyl  methacrylatemethacrylate, , ethyleneethylene  glycolglycol
dimethacrylatedimethacrylate (EGDMA),  (EGDMA), azobisisobutyronitrileazobisisobutyronitrile (AIBN)  (AIBN) werewere  dissolveddissolved in  in chloroformchloroform
andand  thethe  reactionreaction  mixturemixture  waswas  degasseddegassed. . TheThe  reactionreaction  mixturemixture  waswas  droppeddropped  ontoonto  thethe QCM QCM
plateplate  andand  heldheld  withwith a  a microcovermicrocover  glassglass  coatedcoated  withwith  trimethylchlorosilanetrimethylchlorosilane. . TheThe
polymerizationpolymerization  waswas  initiatedinitiated  byby UV  UV lightlight  irradiationirradiation at  at roomroom  temperaturetemperature  underunder  nitrogennitrogen
atmosphereatmosphere..

Imprinted polymer-coated QCM sensors

IAA imprinted polymer

IAA

A. Kugimiya, T. Takeuchi, Electroanalysis, 1999, 11, No. 15, 1158-1160.



Samples from Literature
Imprinted polymer-coated QCM sensors

IAA imprinted polymer

IAA

A. Kugimiya, T. Takeuchi, Electroanalysis, 1999, 11, No. 15, 1158-1160.


