Surfaces: Interactions of Proteins
with Surfaces




Importance of Protein-Surface Interactions

Modulate cell adhesion

Trigger the biological cascade resulting in foreign body
response

Central to diagnostic array/sensor device design &
performance

Initiate other bioadhesion: e.g., marine fouling, bacterial
adhesion



Fundamentals on Proteins






Protein Functions



Protein Functions (cont.)



Protein Functions (cont.)



Protein Structure

e Proteins have multiple structural levels.



Protein Structure



Protein Structure

 AAside groups
have variable
chemical
character



Protein Structure
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Synthetic Polymers vs. Proteins



Protein Adsorption on Biomaterial Surfaces

In as short a time as can be measured after implantation in a living system
(< 1 sec), proteins are already observed on biomaterial surfaces.

Seconds to minutes: a monolayer of protein absorbs to most surfaces

Protein adsorption occurs well before arrival of cells — thus cells primarily
interact with a protein layer, rather than actual biomaterial surface
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Protein Adsorption on Biomaterial Surfaces

Background

A) Protein activity
varies in adsorbed
vs. solvated state

Why???



Protein Adsorption on Biomaterial Surfaces

Background
B. Entropic forces



Protein Adsorption on Biomaterial Surfaces

Background
B. Entropic forces

Gain in entropy probably
is the main driving force

during spontaneous
protein adsorption!!




Protein Adsorption on Biomaterial Surfaces

Background

C. Adsorbed proteins
initiate physiological
responses to
biomaterials



Models for Protein Adsorption: Langmuir Model



Models for Protein Adsorption: Langmuir Model



Models for Protein Adsorption: Langmuir Model



Models for Protein Adsorption: Langmuir Model



Models for Protein Adsorption: Scatchard Plot



Models for Protein Adsorption: Scatchard Plot

Y

Surface Sensitive
Measurements Necessary

1.
2.

3.

Ellipsometry

Surface Plasmon
Spectroscopy
Quartz Crystal
Microbalance




Summary: Protein Adsorption

Pro-adsorption factors

e Dehydration of the interface

* Increase of the protein interior mobility
e Columbic interactions

e Van der Wall interactions

Anti-adsorption factors

e Strong water binding to interface
e Protein rigidity

e Surface mobility

 Low net charge



Surfaces: Interactions of Proteins
with Surfaces: Part 2



Protein-Surface Interactions: Part 2



Vroman Effect



Observations






Irreversible Adsorption



Restructuring



Multilayer Formation



Measurement of Adsorbed Protein

1) Techniques for quantifying adsorbed amounts



Measurement of Adsorbed Protein



Measurement of Adsorbed Protein



Measurement of Adsorbed Protein

2) Techniques for quantifying adsorbed amounts

e In-Situ Ellipsometry



Ellipsometry



Ellipsometry



Surface Plasmon Resonance Spectroscopy (SPR)



Surface Plasmon Resonance Spectroscopy (SPR)



Surface Plasmon Resonance Spectroscopy (SPR)



Surface Plasmon Resonance Spectroscopy
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= Non-destructive to samples Multiskop

= Attenuated total reflection (ATR) setup in
a Kretschmann configuration, optics are
away from the sample and subphase

= Surface plasmon excitation observed in
reflectivity-angular scan

= Relatively insensitive to environmental
changes — temperature, viscosity, etc.






Surface Plasmon Resonance Spectroscopy (SPR)



Surface Plasmon Resonance Spectroscopy (SPR)



Quartz Crystal Microbalance (QCM)

How to measure binding constants?

Injection
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Time
Beginning of Adsorption Equilibration

Personal
Computer
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Sauerbrey, G., Z. Phys. 1959, 155, 206.
Sauerbrey, G., Ann. N.Y. Acad. Sci. 1949, 51, 660-672.

Piezoelectric_____ |
Quartz crystal

Sauerbrey Equation

AF = am(-2F2 /Ao, )

Scatchard Equation

AF/F,c=K,N-K AF/F,




QCM-D (Dissipation)

Simultaneous monitoring of A

frequency (AF) and A dissipation (AD)

at multiple harmonics of the quartz
resonator

Dissipation reveals qualitative
information about the viscoelastic
properties of the adsorbed layer

Dissipation of a viscoelastic polymer
layer on a quartz resonator is heavily
influence by its structure. Rigid films
show small AD values while soft or
flexible films show larger AD values

Modeling the viscoelastic properties
using a Voight model can yield
guantitative information

Dissipation
E. .
AD _ dissipated
27 - Estored

Larger Eysipateq Yields
more viscoelastic response

http://www.g-sense.com/S2/qcm-d.swf




Must use a technique sensitive to the structure of the protein

Circular Dichroism









Circular Dichroism












