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Impacts)of)the)adsorp1on)of)
molecules)

•  Specific)

•  Preconcentrates)a)molecule)on)a)surface)(sensing))
•  Extracts)molecules)from)a)complex)mixture)(sensing))

•  Locates)the)molecule)on)a)highly)reac1ve)surface)(catalysis))

•  Nonspecific)

•  Reduces)the)concentra1on)of)molecules)in)solu1on)(flow)reac1ons))
•  Contaminates)the)reac1on)vessel)or)the)sensing)surface)

•  Clogging)if)large)deposits)are)created)



Why)molecules)adsorb)to)
surfaces)

•  Specific)interac1ons)

•  Molecular)recogni1on)

•  Nonspecific)

•  Electrosta1c)interac1ons)

•  Dipolar)interac1ons)

•  Van)der)Waals)forces)

•  Chemisorp1on)=)forma1on)of)a)new)chemical)bond)(catalysis))

•  Physisorp1on)=)due)to)the)contact)of)the)molecule)with)a)surface)



The)lifecycle)of)a)surface)
reac1on)

A(sln))

A(surf))

B(sln))

B(surf))

kads,A) kdes,A)

kAB)

kBA)

kdes,B)Kads,B)

•  Molecules)can)adsorb)and)desorb)on)surfaces.)During)the)adsorp1on,)a)
chemical)reac1on)can)occur)transforming)molecule)A)in)molecule)B)



Adsorp1on)kine1cs)

•  Rate)of)adsorp1on))

•  Unrestric1ed)number)of)molecules)that)can)bind)to)the)surface)
•  R)=)kads,A)CA)

•  Flux)of)molecules)to)the)surface)

•  Diffusion)

•  Concentra1on)

•  Probability)of)the)molecule)s1cking)to)the)surface)

Flux)



Diffusion)of)molecules)to)
surfaces)

•  Unimpeded)diffusion)

•  The)diffusion)constant)of)the)
molecule)remains)iden1cal)up)to)the)
contact)with)the)surface)

•  Hindered)diffusion)

•  The)presence)of)a)chemical)coa1ng)of)
finite)thickness)(larger)than)a)
monolayer))on)a)surface)may)limit)
the)diffusion)of)molecules)to)a)
surface)

•  Typically,)this)slows)down)the)
diffusion)of)molecules)to)the)surface)

Flux)

Flux)



Forma1on)of)monolayer)or)
mul1layers)

•  Monolayer)

•  Ordered)(2D)crystal))layer)of)a)thickness)of)a)
single)molecule))

•  No)adsorbate)to)adsorbate)interac1ons)

•  Mul1layers)

•  Aggrega1on)of)mul1ple)layers)of)the)adsorbate)

•  Significant)adsorbate7adsorbate)interac1ons)

•  The)number)of)reac1on)sites)is)limited)by)the)surface)
area)



Langmuir)isotherm)

•  The)Langmuir)isotherm)describes)the)
adsorp1on)processes)occuring)on)a)
surface)

•  Assump1ons)
•  Forma1on)of)a)monolayer)

•  First)order)reac1on)

•  1)molecule)per)reac1on)site)

•  Instantaneous)reac1on)on)the)surface)

•  No)interac1on)between)molecules)
•  All)sites)are)equivalent)

•  Unhindered)diffusion)to)the)surface)

A(sln))

A(surf))

kads,A) kdes,A)



Kine1cs)of)the)Langmuir)
isotherm)

•  Con1nuous)exposure)of)the)surface)to)a)molecule)will)lead)to)an)increase)
in)concentra1on)if)the)rate)of)adsorp1on)exceeds)the)rate)of)desorp1on)
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Equa1ons:)Langmuir)isotherm)

•  The)rates)depend)on)the)concentra1on)of)molecules)in)solu1on)and)on)
the)surface,)in)addi1on)to)the)constants)

Vads)=)kads)CA)(θA71)) Vdes)=)kdes)θA)

Vads):)adsorp1on)rate)
Vdes):)desorp1on)rate)
kads):)adsorp1on)constant)
kdes):)desorp1on)constant)
CA):)concentra1on)of)molecules)
θA):)frac1on)of)occupied)sites)

θA)=)sites)occupied)))))
)total)#)sites)



Applica1on:)Online)purifica1on)

•  A)packed)column)with)an)adsorbant)(sta1onary)phase))can)be)placed)
online)to)remove)reactants)and)flow)pure)product)for)a)second)reac1on)

R+P) P)

R!

R!

R!R!

R! R!

R!

R)=)reactants)
P)=)products)



Applica1on:)Catalysis)

•  A)packed)column)with)a)catalyst)can)serve)to)convert)reagents)to)
products.)The)reagent)must)adsorb)rapidly)on)the)catalyst,)while)the)
product)must)desorb)rapidly)

R) P)

R) P)



Enzyme)reac1ons)

•  Enzyme)reac1ons)depends)on)the)number)of)molecules)available)on)the)
surface)and)on)enzyme)kine1cs)

Enzyme)reac1ons)



•  Glucose)levels)are)on)the)order)of)mg/mL)
–  A)drop)of)blood)contains)glucose)

–  Enzyma1c)conversion)of)glucose)

–  Poten1ometric)reading)of)the)glucose)level)

)

hcp://people.clarkson.edu/~ekatz/
electrochemical_bio_tutorials.htm)

Glucometer)



•  The)response)of)the)glucometer)depends)on)the)kine1c)constants)of)
glucose)oxidase)
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Enzyme)reac1ons:)glucose)
oxidase)

Electrochemical)rate)

H2O2)produc1on)
rate)

Number)of)
enzyme)
molecules)

Frac1on)of)ac1ve)
enzymes)

Enzyma1c)reac1ons)



•  The)predicted)current)(solid)line))correlates)well)with)the)experimental)
data)(points))

•  Can)be)used)to)predict)the)produc1on)rate)of)a)reac1on)

Calibra1on)of)the)glucose)
meter)



Enzyme)reac1on)to)reveal)the)
response)of)a)sensor)

•  An17PSA)labelled)with)HRP)secondary)an1body)enhanced)the)SPR)
response)(mass)increase))and)was)used)to)turnover)the)enzyma1c)
reac1on)of)AmpliFluTM)Red)

10-4 10-3 10-2 10-1 100 101 102

0

500

1000

1500

2000

2500

3000

3500

[PSA] (nM)

Fl
uo

re
sc

en
ce

 (A
.U

.)

600 s detection 
time

30 s detection 
time



Enzyma1c)reactor)

•  Coated)capillary)or)packed)beads)modified)with)enzymes)can)convert)a)
reagent)into)a)product)

Analyst)2011,)136,)207772083)



Affinity)reac1ons)

•  Affinity)reac1ons)depends)on)the)number)of)molecules)available)on)the)
surface)and)on)the)associa1on)and)dossicia1on)contants)of)the)reac1on)

•  Can)be)used)to)screen)for)the)affinity)of)a)product)for)the)targeted)
receptor)

Affinity)reac1ons)



KD ¼ ½A#½B#
½AB#

; with KD ¼ 1

KA
in mol l$1 ð5:1bÞ

where the brackets [A], etc., indicate concentration of the molecules. In a well-
designed affinity experiment, several analyte concentrations are used, which
should be in a range around the KD value. In SPR experiments, [AB] and [B] are
not approached as concentrations in solution, but as amounts at the surface
expressed as SPR signal. The amount of complex AB is proportional to the
shift in SPR angle [expressed in millidegrees (m1) or so-called ‘‘response units’’
(RU)]. A conversion factor can be calculated for SPR response to concentra-
tions in the volume of the 100 nm dextran layer at the sensor surface (see, e.g.,
Box 5.1). The shift in SPR angle is recorded as function of time in a
sensorgram. In Figure 5.2, an example of sensorgrams, based on the net SPR
signal (Rsample cell –Rreference cell), at different analyte concentrations is shown.
Using the kinetic evaluation software supplied with SPR instruments, the

shift in SPR angle at equilibrium (Req) is readily determined (see Section
5.2.2.1). Frequently, the data are represented in a Scatchard plot (Req/[analyte]
vs. Req) as a straight line. However, large errors can occur in Scatchard plots,
especially at low concentrations, with small amounts of binding [13], therefore
we prefer non-linear regression using the Langmuir binding isotherm [eq. (5.2)],
in which [A] is the free analyte concentration and Bmax is the maximum binding
capacity in m1, when all binding sites on the sensor surface are occupied.

Req ¼ ½A#
½A# þ KD

! "
Bmax ð5:2Þ

Examples of plots with fits according to the Langmuir binding isotherm are
shown in Figure 5.3.

Figure 5.2 Sensorgrams (net signal) of binding of v-Src SH2 protein to immobilized
EPQpYEEIPIYL-peptide. Start of dissociation is indicated by the arrow.
v-Src SH2 concentrations form top to bottom: 500, 333, 208, 125, 83.3 and
62.5 nmol l$1. For further details, see ref. [12].
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Associa1on)and)dissocia1on)

•  A)1me7course)of)an)experiment)will)undergo)three)phases)

Mainly)
associa1on)

Equilibrium)between)associa1on)and)dissocia1on)

Exclusively)
dissocia1on)

Concentra1on)



Equilibrium)condi1ons)

•  At)equilibrium,)the)adsorp1on)rate)equals)the)desorp1on)rates)

Vads)=)Vdes))

kads)CA)(θA71))=)kdes)θA)

θA)=)KCA)/)(1)+)KCA))

K)=)kads)/)kdes)

Thermodynamic)constant)



Case)1:)Low)concentra1on)

•  The)term)KCA)becomes)negligible)in)the)term)1)+)KCA)

•  The)surface)concentra1on)is)directly)related)to)the)solu1on)concentra1on)

θA)=)KCA)

Concentra1on)

θ A
)



Case)2:)Intermediate)
concentra1on)

•  The)term)KCA)is)about)equal)to)1)

•  Region)of)high)loading)of)the)surface,)response)moderately)linear)

θA)=)KCA)/)(1)+)KCA))

Concentra1on)

θ A
)



Case)3:)High)concentra1on)

•  The)term)KCA)far)exceeds)1)in)the)term)1)+)KCA,))so)1)+)KCA)=)KCA)

•  The)surface)is)saturated,)the)response)reaches)a)plateau)

θA)=)1)

Concentra1on)

θ A
)



Portable)47channel)SPR)(P4SPR))
instrument)

•  Sensi1ve)
•  1076)RIU)resolu1on)
•  Computer)powered)with)USB)–)no)external)power)cord)
•  No)RI)matching)fluids)
•  Simple)injec1on)system)
•  47channels)including)a)reference)
•  Simplicity)
•  Versa1lity)
•  Performance)
•  Portability)
•  Customizable)
•  Low)maintenance)
•  Low)cost)
•  Low)weight)(less)than)1.3)kg))
•  Quiet)opera1on)

www.affiniteinstruments.com)

Biosensors)&)Bioelectronics,)2015,)64,)6647670))

Affinité!Biosensing!



•  Change)in)response)due)to)the)refrac1ve)index)change)of)the)bulk)solu1on)

–  Can)be)used)as)a)detector)(HPLC)was)coupled)to)SPR))

Refrac1ve)index)sensor!

0 200 400 600 800 1000 1200 1400 1600

0

5

10

15

20

25

Time (s)

SP
R 

sh
ift

 (n
m

)

water

water

water

0.94 g/100mL

2.1 g/100mL

4.2 g/100mL

9.2 g/100mL

2.1 g/100mL



•  Type)B)scavenger)receptor)CD36)
(CD36:)cluster)of)differencia1on)36)))

•  EP80317:)an17atherosclero1c)
property)mediated)by)CD36))

•  interfering)with)the)binding)of)
oxLDL)to)the)scavenger)receptor)
expressed)on)macrophages)

Sensors)for)screening)small)
molecules)



•  CD36)is)also)a)model)receptor)for)monitoring)the)interac1on)of)
pheromones)of)drosophilia)(fruit)fly))with)olfactory)receptors))

•  There)is)no)biochemical)technique)to)measure)the)interac1on)of)
pheromones)(small)organic)vola1le)compounds))with)olfactory)receptors)

Ligands! SPR!
+Kd++(1006M)!

SPR!
+∆λSPR++(nm)!

P1! 0.64! 0.23!
P2! 0.64! 0.54!
P3! 8.7! 0.28!
P4! 20! 0.71!
P5! 106! 0.62!
C1! No!response!! !!
C2! No!response! !!
C3! No!response! !!
C4! No!response! !!
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•  Type)B)scavenger)receptor)CD36)(CD36:)cluster)of)differencia1on)36)))

•  EP80317:)an17atherosclero1c)property)mediated)by)CD36))
•  interfering)with)the)binding)of)oxLDL)to)the)scavenger)receptor)

expressed)on)macrophages)

Screening)growth)hormone7releasing)
pep1des)(GHRPs)))

His7tag)CD36)
binding)

Increasing)
concentra1on)of)
small)ligand)

Nonspecific)surface)



Mass)transport)to)the)surface)

•  In)some)cases,)the)concentra1on)of)the)analyte)in)the)bulk)solu1on)differs)
from)the)ac1ve)concentra1on)at)the)surface)due)to)mass)transport)and)
par11oning)of)the)molecules)between)the)solid)and)liquid)phases)

•  Examples:)coated)inner)walls,)chromatographic)surface,)polymer)
layer)on)sensors)

lies in the observation (noted above for the stagnant point flow and the
parabolic flow cases) that the velocity profile of a fluid flowing over a
stationary surface approaches zero at the limit of contact with the surface
(i.e. z¼ 0). This zero flow region or stagnant layer may be considered as
extending out a small distance, d, from the surface. A neighboring similar-
sized region beyond this distance d, termed the bulk, is considered to move

Figure 4.6 (A) Two-compartment model for describing mass transport from bulk
solution to a surface. The region of zero flow, v¼ 0, is assumed to extend
out a stagnant layer distance d from the surface, beyond this the bulk
solution moves at the average velocity of vBULK. Transport from the bulk
to the surface phase across zero flow region occurs predominantly via
diffusion. (B) Ratio of steady-state stagnant flow region solute concen-
tration to bulk solute concentration for different values of d and different
extents of initial adsorption rate and concentration of matrix adsorption
sites, represented as a combined parameter k1(Cx)tot. The value of d has
been estimated on the basis of the 5% approximation discussed in the text.
The value of (Cx)tot is calculated on the basis of the volume of the stagnant
flow region, i.e. (Cx)tot decreases with increasing d. (C) Typical differential
rate plots for a system displaying Langmuir adsorption kinetics, which is
highly influenced by mass transfer effects [dotted line: simulated using eqs.
(4.9) and (4.14a)]. Differential rate plot for adsorption profile with the
identical reaction kinetics but without mass transfer effects (solid line).
The mass transfer limited data only approaches that of the Langmuir case
at near maximal saturation of the adsorption matrix sites.
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d½A"
dt

¼ ktr½A"0 $ ktr½A" $ kon½A"½B" þ koff ½AB" ð5:7bÞ

Several programs can be used for solving such differential equations by
numerical integration. We used the program CLAMP developed for fitting
experimental sensorgrams [19].8 Consistency of the fits is greatly improved by
fitting several curves for different analyte concentrations simultaneously with the
same kinetic parameters in a so-called global analysis. Examples of global kinetic
analysis with CLAMP are shown in Figure 5.5, with the data set of Figure 5.2.
To emphasize the kinetic phase, only a relatively short association time interval
was allowed. The quality of the fits compared with the experimental data is
indicated by the residual sum of squares (res Ssq) parameter [19]. For models 1
and 2 this is rather similar (Table 5.1). However, the initial linear phase observed
for the higher concentrations is not very well fitted with model 1, and the fit
returns a koff value of 0.01 s$1. This linear phase is indicative for MTL [21].
From experiments in the presence of competing peptide to prevent rebinding of
protein during the dissociation phase (see Section 5.3.2.2), a much higher
experimental value of 2 s$1 for koff is obtained. Therefore, we conclude that
this model does not yield a satisfactory description of the kinetic parameters.
The experimental values of KD and Bmax are known from the binding

isotherm (Figure 5.3), koff is known from dissociation experiments and kon
can be calculated from koff/KD. Therefore, all parameters in model 1 are known,
allowing simulation of the sensorgrams based on model 1 (Figure 5.5B). This
simulation demonstrates that in practice the association phase proceeds much
slower than expected for the high on-rate of 8( 106 lmol$1 s$1. This

Figure 5.5 Global analysis using the program CLAMP of the association phase of
binding of v-Src SH2 protein to a pY-containing peptide (data set as in
Figure 5.2). Black lines, experimental curves, red lines, fitted curves. (A)
Fit with bimolecular model 1, all fit parameters are left free. (B) Simula-
tion of model 1 with fixed parameters for Bmax (320m1), kon
(8( 106 lmol$1 s$1) and koff (2 s$1). (C) Fit with transport model 2, with
koff fixed on experimental value. See text for further details.

8Currently, the features of CLAMP are included in a more extended biosensor data analysis tool
named Scrubber2 from the results of David Myszka (see http://www.cores.utah.edu/interaction/
software.html).
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Mass)transport)to)the)surface)

•  Taking)into)account)mass)transport)becer)predicts)(red))experimental)
data)(black))

Time)(s))



•  Used)in)whole)blood)sensing)for)monitoring)small)molecules)(example)
below)is)for)con1nuous)therapeu1c)drug)monitoring))

•  The)fast)diffusion)of)small)molecules)through)a)porous)membrane)
effec1vely)sort)the)molecule)from)a)complex)biofluid)

Microdialysis)in)
electrochemistry)

Science!Transla,onal!Medicine)2013,)5,!213ra165)



•  Biosensing)in)blood)is)currently)limited)from)background)absorp1on)of)
proteins)and)cells)on)the)SPR)surface)

•  Loca1ng)the)SPR)sensor)in)a)chamber)separated)from)the)biofluid)by)a)
porous)membrane)create)a)microdialysis)chamber))

Microdialysis)SPR)for)sensing)in)
blood)
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•  Larger)molecules)have)a)lower)effec1ve)diffusion)coefficient)in)pores)and)a)
lower)absolute)diffusion)coefficient)

Diffusion)of)molecules)through)
pores)

Deff/D0)=)(1)7)RH/RP)2)(1)7)2.1RH/RP)+)2.1RH/RP3)7)0.95RH/RP)5)))

c)=)ceq)(1)7)e7t/teff)))

Deff)=)A/teff))

A)=)L/[NpπRP2(1/V1)+1/V2)])) Calculated)
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•  The)diffusion)of)proteins)is)slower)than)small)analytes,)such)that)the)
sensor)will)be)exposed)to)a)matrix)of)reduced)complexity)during)a)certain)
period)of)1me)

Experimental)diffusion)of)
molecules)
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•  The)experimental)diffusion)1mes)are)at)least)an)order)of)magnitude)
longer)than)predicted,)due)to)the)absence)of)mixing)

Influence)of)the)absence)of)
mixing)on)diffusion)

0 0.2 0.4 0.6 0.8 1
0

1

2

3

4

5

6 x 104

Distance (mm)

D
iff

us
io

n 
tim

e 
(s

)

Calculated

Experimental



Integrated)flow)chemistry)
system)

Reagents)

Flow)reactor)

Purifica1on)

Collec1on)

Affinity)
measurement)

Enzyme)reactor)

Sensor)for)reac1on)extent)

Catalysis)reactor)


