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Biosensors
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From hydrogels to organized multilayer films



We can build up organized molecular multilayers with
control of the enzyme and molecular wire spatial 
distribution 
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Amperometric Enzyme Biosensor with two components integrated 
and electrically wired
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The redox charge increases in step with the number of PAA-
Fc layers deposited. Enzyme catalysis for the oxidation of 
β-D-glucose was achieved with a multilayer PAA-Fc/GOx 
assembly, with each GOx layer contributing equally to the 
catalytic response. Only a small fraction of the active
assembled GOx molecules are “electrically wired” by the 
ferrocene polymer although all of the enzyme could be
oxidized by soluble ferrocenesulfonate when added to 
solution.



ATOMIC FORCE MICROSCOPY 



Au

Nanodosing by AFM

2D aggregation of the enzyme molecules 
is observed on the surface



ATOMIC FORCE MICROSCOPY 





Height Distribution
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Biomacromolecules, Vol. 4, No. 4, 2003

Effect of the Polycation Nature on the Structure of Layer-by-Layer 
Electrostatically Self-Assembled Multilayers of Polyphenol Oxidase

E.S. Forzani, M. Lopez Teijelo, F. Nart, E.J. Calvo,V.M. Solis



Film thickness is technique dependent
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MODELLING
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Diffusion-enzyme kinetic Problem



Diffusion-enzyme kinetic Problem
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KINETIC CASE DIAGRAM

P.N. Bartlett, et al, J. Electroanalytical Chemistry, 397 (1995), 61



LIMITING KINETIC CASES
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J. Hodak, R. Etchenique, E.J. Calvo, K. Singhal, 
P.N. Bartlett.Langmuir, 1997, 13, 2716.
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From enzyme kinetics: k[Os] and ΓE

From cyclic voltammetry: q 

From ellipsometry: df

Then, [Os] = q /(FAdf) and then we can 
evaluate the wiring efficiency,  k





ENZYME MULTILAYER
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Case I Case V

Pelicula delgada l2 << DsKMS/(kcat [EΣ])

Limit Case I/ Case V
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CABLE MOLECULAR

e-



EFECT OF THE DISTANCE BETWEEN 
ENZYME AND ELECTRODE



LEGO CHEMISTRY
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     Podemos epresar kD como la inversa del tiempo característico de difusión dado por la ecuación de Einstein τ = ∆x2/2De
     Con  ∆x = n·dlayer, n es el numero de capa y  dlayer es la distacia promedio entre capas , De es el coeficiente de difusión 
     por electron-hopping. 



 

k = 1.26 x 103 M-1 s-1 k = 2.30 x 103 M-1 s-1 

k = 4.05 x 103 M-1 s-1 k = 6.31 x 103 M-1 s-1 



REDOX MEDIATION IN SOLUTION, INTRA 
AND INTERMOLECULAR



k = 3.7 105 M-1 s-

kintra = 0.2 – 0.4 s-1 

kinter = 8.3 103 M-1 s-1 

kautoens ~ 5 - 9 103 M-1 s-1

Danilowicz, C.; Cortón, E.; Battaglini, F. J.Electroanal.Chem. 1998, 445, 49.
Battaglini, F.; Bartlett, P.N.; Wang, J.H. Anal.Chem. 2000, 72, 502.

Soluble Redox Mediator, soluble mediator and integrated 
intra and intermolecular



INQUIMAE-DQIAyQF. Facultad de Ciencias Exactas y Naturales

Universidad de Buenos Aires

k ~ 5 - 9 103 M-1 s-1kinter = 8.3 103 M-1 s-1

kintra = 0.2 – 0.4 s-1k = 3.7 105 M-1 s-1

Danilowicz, C.; Cortón, E.; Battaglini, F. J.Electroanal.Chem. 1998, 445, 49.
Battaglini, F.; Bartlett, P.N.; Wang, J.H. Anal.Chem. 2000, 72, 502.



EFFECT OF FILM STRUCTURE AND 
THICKNESS



S.S. Shirartori, M.F. Rubner, Macromolecules,  2000, 33, 4213

We can regulate the thickness and structure in multilayer 
enzyme films by adjusting the charge density through the 
adsorption solution pH.



3 bilayers
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pH = 8.3 pH = 5.6

Tapping mode AFM
Au/MPS/(PAH-Os/GOx)n under water
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V. Flexer, E. Forzani, E.J. Calvo, Anal. Chem., 78, 2006, 399-407.



Not only flat surfaces



Polyelectrolyte Coating of Metal 
Nanoparticles, D.I. Gittins, F. 
Caruso, J. Phys. Chem. B, 2001, 
105, 6846-6852.

G. Schneider, G. Decher, Nanoletters 
2004, 4, 1833-1839



Angew. Chem. Int. Ed. 1998, 37, No. 16, 
2202
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P. Scodeller, N. Tognalli, H. Troiani, A. Fainstein, E.J. Calvo, Unpublished results
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The osmium complex used is

 Os(bpy)2Cl Picoallylamine
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