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Quantifying cell binding kinetics mediated by
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immobilized antibodies
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Cell adhesion is crucial to many biological processes, such as inflammatory responses, tumor metas-
tasis and thrombosis formation. Recently a commercial surface plasmon resonance (SPR)-based
BlAcore biosensor has been extended to determine cell binding mediated by surface-bound bio-
molecular interactions. How such cell binding is quantitatively governed by kinetic rates and regulating
factors, however, has been poorly understood. Here we developed a novel assay to determine the
binding kinetics of surface-bound biomolecular interactions using a commercial BlAcore 3000 bio-
sensor. Human red blood cells (RBCs) presenting blood group B antigen and CM5 chip bearing immo-
bilized anti-B monoclonal antibody (mAb) were used to obtain the time courses of response unit, or
sensorgrams, when flowing RBCs over the chip surface. A cellular kinetic model was proposed to
correlate the sensorgrams with kinetic rates. Impacts of regulating factors, such as cell concentration,
flow duration and rate, antibody-presenting level, as well as pH value and osmotic pressure of sus-
pending medium were tested systematically, which imparted the confidence that the approach can be
applied to kinetic measurements of cell adhesion mediated by surface-bound biomolecular interactions.
These results provided a new insight into quantifying cell binding using a commercial SPR-based
BlAcore biosensor.

BlAcore biosensor, response unit, cellular kinetic model, cellular off-rate, cellular on-rate

A BIAcore biosensor is a surface plasmon resonance
(SPR)-based commercial instrument to quantify the
biomolecular interactions in real time. It measures the
changes in the refractive index near a planar chip surface
(<~300 nm from the surface) induced by binding of
soluble molecules to immobilized counterpart molecules
on the chip, and recorded time courses of response unit
(RU), or sensorgrams, represent the number of bound
molecules on the chip surface (c.f. Figure 1(a)). Nowa-
days it has become a widely-used conventional method
in labs and in food and pharmaceutical industries for
characterizing the kinetic rates and equilibrium affinity
of antigen-antibody or receptor-ligand bindings in the
fluidic phase™=L. In the past decades, great efforts have
been focused on obtaining accurate and reliable data,
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improving data analysis, and broadening the applica-
tions®—,

SPR-based BIAcore biosensors are also able to be
applied in determining the interactions of surface-bound
biomolecules expressed on cells, bacteria or viruses,

where no protein purification and/or reconstruction is

10—18

required . For example, bindings of human red

blood cells (RBCs) expressing blood group antigens to
immobilized anti-blood group specific antibodies (Abs)
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Figure 1 (a) Schematic of BIAcore cell binding assay. After being per-
fused into the flow chamber of a BIAcore biosensor, free blood type B
RBCs will bind to and bound cells will debind from the anti-B antibody

immobilized chip surface with reaction rates of kj; and k. (b) Cell

binding specificity. Response units for specific binding of blood group B
antigen and anti-B antibody interactions (solid line) are obtained by sub-
tracting non-specific binding of blood type B RBCs to the plain chip sur-
face (dotted line) from total binding of RBCs to the anti-B mAb-immobi-
lized chip surface (dashed line).

on a chip surface were measured to sort blood group
specific RBCs from whole blood samples™ 2! Similar
measurements were conducted to identify the novel
monoclonal antibodies (mAbs) for virulent Listeria

monocytogenes cellsH3=13

, to map the peptide ligands
selectively capturing circulating malignant epithelial
cells from human prostate, bladder and breast cancer
cells™®, to characterize the binding epitopes of plasmo-
dium vivax domain that adheres Duffy antigen in RBC

invasion™”, to determine the valency of antibody bind-

ing to the enveloped human influenza virus particles™,
and to quantify the binding of staphylococcus aureus
and staphylococcus epidermidis cells to immobilized
fibronectin™®. Although these pioneering works provide
potential possibilities to extend the SPR-based BIAcore
biosensor in measuring biomolecular interactions on
cellular surface, quantitative analysis on kinetic rates
and binding affinity remains to be poorly known. Cau-
tions should also be taken when one uses the same ki-
netic model as those used in fluidic phases to predict the
kinetic parameters, since bindings of flowing cells bear-
ing the molecules of interest to immobilized counterpart

molecules on a chip surface are governed by Kkinetic
rates and binding affinity of interacting molecules, bio-
molecular site densities, cell concentration, flow rate and
duration, as well as physical-chemical environments.

Recently, we developed a cellular kinetic model and
relevant experimental procedures and data analysis to
quantify the kinetics of cellular binding mediated by the
surface-bound molecular specific interaction using SPR
technique™. Here this new approach was applied to
determining the binding kinetics of RBCs expressing
blood group B antigens to the chip surface bearing
anti-B mAbs. And the impacts of antibody-presenting
level, cell concentration, flow rate and duration, as well
as medium pH value and osmotic pressure on cellular
binding were systematically tested.

1 Materials and methods

1.1 RBCs preparation

Blood type B RBCs, determined using conventional
ABO blood type test (www. Bloodbook.com)%, were
isolated from fresh whole blood. The cells were stored at
4°C in EAS45+ solution2% after being washed two
times in phosphate buffer (PBS) and two times in
EAS45+. All cells were obtained from a single healthy
donor to have the stable site density of blood group B
antigen on cell surface.

In some measurements, H,O and EAS45+ were
mixed at v/vratioof 1:1, 1:1.4, 1:2, and 0:1 to obtain
mixtures of 150, 175, 200 and 300 mOsm osmotic pres-
sure. The mixture was used as suspending medium just
before RBC suspension was perfused over the anti-B
mAb immobilized chip surface. In other measurements,
the pH value of EAS45+ was adjusted to 6.0, 6.7, 7.4
and 8.1 with 1 mol/L NaOH or HCI, and then the cells
were suspended in the medium less than 5 min before
perfusion.

1.2 BIAcore cell assay

All cell assays were performed using BIAcore 3000™
biosensor (Pharmacia, Sweden) at 25°C on CMS5 chip
with PBS and EAS45+ as respective running and working
buffers. 10 pg/mL mouse anti-human B mAbs in 10 mM
sodium acetate (pH = 4.5) (Sigma, USA) was immobi-
lized onto CM5 chip surface using the standard amine
coupling method. Two specific chip surfaces were ob-
tained at antibody-presenting levels of 6000 and 11800
RU. One plain chip surface with the same activation and

LI BaoXia et al. Chinese Science Bulletin | December 2008 | vol. 53 | no. 23 | 3634-3641 3635

ARTICLES

BIOPHYSICS



de-activation treatments as a specific surface but without
protein immobilization was used as a control surface.

In BIAcore cell assay, RBC suspension was perfused
to flow over on and bind to the chip surface at the
pre-set flow rate and duration, the so-called association
phase. At the endpoint of the association phase, PBS was
perfused to de-bind bound cells from the chip surface,
the so-called dissociation phase (Figure 1(b)). Time
courses of cell binding responses (RU) were obtained in
real time from the measurements. The chip surface was
then regenerated by perfusing PBS by applying a long (>
30 min) and quick (> 50 pL/min) flow. Such an associa-
tion-dissociation-regeneration cycle was repeated in
triplicate at each condition.

1.3 Data analysis

Measured sensorgrams of RBCs’ binding to and debind-
ing from the mAb-immobilized chip surface were ana-
lyzed using a newly-developed cellular kinetic model™™.
Upon the assumptions that proteins are uniformly dis-
tributed on respective cell and chip surfaces, that bind-
ing of a cell to one region of chip surface does not affect
the ability of another cell to adhere to another region,
that the interaction among cells is neglected, and that
detached cells no longer re-bind onto the chip surface,
the specific cell binding response, RU(?), follows during

the association phase™®:
ks, x CxRU
RU(t =u{1—ex (ks x s t]}
(1) ke X C+ kS, p ( ff)
_ K5 xRU

1 —exp[ (K5, +h% )] )

Koy + kg

or during the dissociation phase™
RU(¢) = RU? x exp(—kygt), 2)
where ¢ is the time duration for RBC and PBS perfusion
in egs. (1) and (2), respectively, kg, (in mL/s) and kg
(in s™") are the on- and off-rates per cell, C is the free cell
concentration close to the chip, and RUy,, is the maxi-
mum cell binding response physically available at a given
chip surface. The effective on-rate, K, (=k;, xC) (in
s_l), is used to define the bulk association reaction. To
predict the kinetic parameters of cell binding, eqs. (1)
and (2) are used to fit the data obtained from association
and dissociation phases, respectively. This returns a set

of lumped binding rate, K, (=K, +kyy ), and the

off-rate per cell, kg, and the effective on-rate, K,

is calculated as Ky — kg -

In some cases, peak RU” or RU”, the response at the
endpoint of the association phase, is used to represent
the amount of bound cells. One-way analysis of vari-
ances (one-way ANOVA) was conducted to determine if
RU” was statistically different with a systematically-
varied regulating factor. The statistical significance of
the difference between RU” values at different levels of
the factor was then assessed with P value obtained by
multiple comparisons, Duncan-test.

2 Results

2.1 Cell binding was specifically mediated

Binding of blood type B RBCs to the anti-B mAb-im-
mobilized chip surface was determined using the time
course of response unit, RU(#). To subtract the
non-specific response on a plain surface from the total
response on a specific surface, cell suspension was
flowed over plain and specific chip surfaces serially. As
exemplified in Figure 1(b), RU was significantly higher
when both blood group B antigens and anti-B mAbs
were present (dashed line) than that when anti-B mAbs
were absent (dotted line). The time course of a specific
response (solid line) was then obtained by subtracting
the non-specific response from the total response. These
data demonstrated that cell bindings measured using a
SPR-based BIAcore 3000 biosensor were specifically
mediated by blood group B antigen-anti-BSA mAb in-
teractions. Moreover, repeated tests at the same condi-
tion produced the highly-reproductive RU(#), confirming
the robustness of the assay (data not shown).

2.2 Cell binding was regulated by cell concentration
and antibody-presenting level

Cell binding varies with cell concentration and anti-
body-presenting level upon mass transport law. To test
this, cell concentration was systematically varied at
4x107, 8x107, 20x10” and 40x10" cells/mL at a given
flow duration of 10 min and flow rate of 5 pL/min when
both high (m; = 11800 RU) and low (m;, = 6000 RU)
antibody-presenting levels were used. As exemplified in
Figure 2, RU” was significantly enhanced with increased
cell concentration at a given antibody-presenting level,
indicating that cell binding follows the mass transport
law.

Cellular kinetic parameters, obtained from fitting
measured sensorgrams using eqgs. (1) and (2), were fur-
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ther compared at varied cell concentrations at m, = 6000
RU. As exemplified in Figure 3, the lumped binding rate

K, , off-rate per cell kg and effective binding rate

K: (=Ki — ks ) were 4.7-, 7.7- and 3.5-fold lower, re-

spectively, when cell concentration was increasing from
4x107 to 40x10” cells/mL. This reduced dependence of
cellular kinetic rates should not be surprised because
strong interactions between flowing and/or bound cells
are no longer neglected at high cell concentration, which
would inhibit the binding of free flowing cells at the late
association phase. The impact of cell-cell interactions on
cell binding was further observed when a high anti-
body-presenting level (m;; =11800 RU) was used, where

0 m,=11800 RU m(a) mp=6000 RU (b) 30
|
=100 r<00s] NN P=0.06
i;/ T \ P<0.05| X
% 5 Z§ P=0.09 ?§ B
=0.54
\
om-%§ é\o

4 8 20 40 4 8 20 40
Cell concentration (107 cells/mL)

Figure 2 Dependence of cell concentration. Peak RU” is plotted at
4x10” (open bars), 8x107 (closed bars), 20x10” (leftwards-hatched bars)
and 40x107 (rightwards-hatched bars) cells/mL, respectively, at a flow rate
of 5 uL/min and flow duration of 10 min at respective m; (a) and mp, (b).
Data are presented as the mean + standard error (SE) of peak RU” for
three test cycles at that condition. P value indicates the level of statistical
significance of differences in peak RU” at different cell concentrations.

—4 mmm8 zz220 340 (107 cells/mL)
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0.020 1

0.0101
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Figure 3 Dependence of cellular kinetic rates on cell concentration at
mp = 6000 RU at a flow rate of 5 pL/min and flow duration of 10 min.

The lumped binding rate, K,, and off-rate per cell, kg, were ob-
tained by fitting the measured sensorgrams using eqs. (1) and (2) at cell

concentration of 4x107 (open bars), 8x107 (closed bars), 20x107 (left-
wards-hatched bars) and 40x107 (rightwards-hatched bars) cells/mL, re-

spectively. The effective on-rate, K, was calculated as K, — kg .

on?

measured sensorgrams were no longer stable and no
reasonable fitting could be obtained (data not shown).
Noting that the low cell-cell interactions and high meas-
uring sensitivity should be balanced, a moderate cell
concentration of 20x107 cells/mL was selected here for
the following measurements.

2.3 Flow duration did not influence cell binding

To test the impact of flow duration on cell binding, the
measurements were conducted at systematically-varied
flow durations of 10, 15 and 20 min, at a given flow rate
of 5 pL/min. As exemplified in Figure 4, the average
RU” at m;; = 11800 RU was similar at flow durations of
5 and 10 min (Figure 4(a), P = 0.78) but slightly higher
at the duration of 20 min (Figure 4(a), P = 0.06). No
statistically-significant differences in RU” were found
for three durations at m;,; = 6000 RU (Figure 4(b), P =
0.19). These data indicated that RU” was regulated by
flow duration at high, but not low, antibody-presenting
level, suggesting that cell binding tends to reach the
equilibrium at a low antibody-presenting level. At the
same flow duration, RU” increased with the increasing
antibody-presenting level, further supporting that cell
binding follows the mass transport law.

m,=11800 RU

—~

a) | m,=6000 RU (b)

P=0.06

75 1

P=0.78
1

wn
(=]
L

P=0.19

10 15 20 10 15
Flow duration (min)

Figure 4 Dependence of flow duration. Peak RU” is plotted at 10 min
(open bars), 15 min (closed bars) and 20 min (leftwards-hatched bars),
respectively, at cell concentration of 20x107 cells/mL and flow rate of 5
puL/min at respective m; (panel a) and m), (panel b). Data are presented as
the mean + SE of peak RU” for three test cycles at that condition. P value
indicates the level of statistical significance of differences in peak RU” at
different flow durations.

Effect of flow duration on cellular kinetic parameters
was tested using both individual and global fittings at
my = 11800 RU™. In an individual fitting, the data for
the three test cycles at a given flow duration were
pooled and then fitted using eqs. (1) and (2) to predict
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kinetic parameters at that duration. As exemplified in
Figure 5(a), no significant differences in kinetic pa-
rameters were found at 10 min (open bars), 15 min (solid
bars), and 20 min (leftwards-hatched bars). This was fur-
ther observed by a global fitting, where the data for all
nine test cycles at three flow durations were pooled to-
gether and fitted using a single set of parameters. The
mean averages of those obtained from individual fittings

at three flow durations K¢=2.8x10" s' and kS =

42x107* 57" (rightwards-hatched bars), were in excellent
agreement with the global fitting returned kinetic pa-

rameters (K¢ =2.3x10" and kS =4.0x10"* s™') (crossed
bars). This agreement was also observed in calculated ef-
fective on-rate K&, (2.3x 107 and 1.9x107 s™") (Fig-

ure 5(a)). Similar results were obtained at m;, = 6000

—— 10 min (@)
S |5 min m, = 11800 RU
20 min
0.004 Average
BXXX Global fitting
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Figure 5 Dependence of cellular kinetic rates on flow duration at the
cell concentration of 20x10 cells/mL and flow rate of 5 pL/min at respec-

tive my; (panel a) and m;, (panel b). The lumped binding rate, K,, and

off-rate per cell, k5, were obtained by fitting the measured sensorgrams

individually at 10 min (open bars), 15 min (closed bars) and 20 min (left-
wards-hatched bars). Also plotted are the mean values by averaging these
three sets of parameters predicted from individual fitting at each flow
duration (rightwards-hatched bars) and the single set of parameters from
global fitting at all three flow durations (crossed bars). The effective

on-rate, K, was calculated as K —kg;.

on?
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RU (Figure 5(b)). Taken together, these results indicated
that flow duration did not affect cellular binding kinetics.

2.4 Flow rate affected cell binding

To test the impact of the flow rate on cell binding, the
measurements were done at the systematically varied
flow rate of 1, 5 and 10 uL/min, respectively, at a given
flow duration of 10 min. As exemplified in Figure 6,
RU” at my = 11800 RU increased dramatically with the
flow rate from 1 uL/min (open bar) to 5 uL/min (closed
bar) (Figure 6(a), P = 0.07) but less significantly from 5
pL/min to 10 pL/min (leftwards-hatched bar) (Figure
6(a), P = 0.21), while statistically-significant differences
in RU” were found for three rates at mp = 6000 RU
(Figure 6(b), P = 0.05). These data indicated that RU”
was regulated by the flow rate, imparting the confidence
that cell binding tends to reach the equilibrium with the
flow rate. At the same flow rate, RU” was enhanced with
the antibody-presenting level from lower mj, (Figure
6(b)) to higher m;, (Figure 6(a)).

m,=11800 RU a) [ m,=6000 RU (b)

—_

100 4 P=021

P=0.07
1

P=0.05

Peak RU” (RU)
wn
[l

1 5 10 1 5

Flow rate (uL/min)
Figure 6 Dependence of flow rate. Peak RU” is plotted at 1 pL/min
(open bars), 5 puL/min (closed bars) and 10 puL/min (leftwards-hatched
bars), respectively, at the cell concentration of 20x107 cells/mL and flow
duration of 10 min at respective my (panel a) and m;, (panel b). Data are
presented as the mean + SE of peak RU” for three test cycles at that condi-
tion. P value indicates the level of statistical significance of differences in
peak RU” at different flow rates.

Impact of the flow rate on cell binding was further
tested by comparing the kinetic parameters. As exempli-

fied in Figure 7(a), K, was 3.2- and 3.9-fold lower,
kg was 2.3- and 2.1-fold higher, and K, was 10.1-

0

and 12.4-fold lower at 1 pL/min (open bars) than those
at 5 pL/min (closed bars) and 10 pL/min (leftwards-

hatched bars) ( K{ =1.2x107, 3.8x10 and 4.7x107 5™,
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<. =0.85x107, 0.37x10° and 0.40x10° s™', and

K¢ =0.3x107, 3.4x107 and 4.2 10~ s, respectively)
at m; = 11800 RU. Similar results with the less magni-
tude differences were obtained at m;,; = 6000 RU (Figure
7(b)). Taken together, these results suggested that the
flow rate regulated the cell binding kinetics.

0.006
1 pL/min (@)

. 5 L/min - m,; = 11800 RU
22310 pl/min

0.004 1

0.002 1

ez

0.00

é
0,004
0.002 4
000 7
K

Figure 7 Dependence of cellular kinetic rates on flow rate at the cell
concentration of 20x107 cells/mL and flow duration of 10 min at respec-

7
(®)

my,= 6000 RU

Cellular kinetic rates (s™")

c c
kolT kon

tive my; (panel a) and m;, (panel b). The lumped binding rate, K,, and

off-rate per cell, k5, were obtained by fitting the measured sensorgrams

of

at 1 pl/min (open bars), 5 uL/min (closed bars) and 10 pL/min (left-
wards-hatched bars).

2.5 Cell binding was correlated with medium pH
value and osmeotic pressure

To understand the effect of physical-chemical environ-
ment on cell binding, blood type B RBCs were sus-
pended in the systematically varied pH value of sus-
pending medium, and cell binding measurements were
performed using the new approach. As exemplified in
Figure 8, RU” was reduced by 12- and 2.3-fold at re-
spective my;; = 11800 and mj, = 6000 RU (P < 0.05)
when the medium pH value was enhanced from 6.0 to
8.1, indicating that the acidity of suspending medium
significantly affected the cell binding. Since RBC mem-

brane and dextran matrix on CMS5 chip surface were
negatively charged at pH = 7.4%! and at pH > 3.5, re-
spectively, the electrostatic repulsion between RBC and
matrix was strengthened with the increased pH value,
which in turn inhibited cell binding at a higher pH.

To further test the effect, cell binding was measured
at a medium osmotic pressure of 150, 175, 200 and 300
mOsm. RU” at m;, = 6000 RU was enhanced with in-
creased osmotic pressure and then reached the maximum
value at a physiological osmotic pressure of 300 mOsm

m,=11800 RU (a) |m,=6000 RU (b)
P <0.05
801 T 40
P <0.05
=)
®
";:2 40 20
Y,
3 % N
& % / §
0 . ¢ E:ISEI . % & 0
60 67 74 8.1 60 67 74 81

pH

Figure 8 Dependence of pH value of cell suspension. Peak RU” is plot-
ted at pH 6.0 (open bars), pH 6.7 (closed bars), pH 7.4 (leftwards-hatched
bars) and pH 8.1 (rightwards-hatched bars), respectively, at the cell con-
centration of 20 x10” cells/mL, flow duration of 10 min, and flow rate of 5
pL/min at respective m; (panel a) and m), (panel b). Data are presented as
the mean + SE of peak RU for three test cycles at that condition. P value
indicates the level of statistical significance of differences in peak RU” at
different pH values.

73| m,=6000 RU
P<0.05
[ [ [ 1

5 50 4 '|' .
\
4
& 251 7,

O AN

175 200 300
Osmotic pressure (mOsm)

Figure 9 Dependence of osmotic pressure of cell suspension. Peak RU”
is plotted at 150 mOsm (open bars), 175 mOsm (closed bars), 200 mOsm
(leftwards-hatched bars) and 300 mOsm (rightwards-hatched bars), re-
spectively, at the cell concentration of 20x10” cells/mL, flow duration of
10 min, and flow rate of 5 pL/min at m;;. Data are presented as the mean +
SE of peak RU" for three test cycles at that condition. P value indicates
the level of statistical significance of differences in peak RU at different
osmotic pressures.
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(Figure 9, P < 0.05). As the osmotic pressure increased
from 150 to 300 mOsm, RBC’s shape was changed from
sphericity to biconcave disc (data not shown), which
enhanced the effective contact area of RBCs to the sur-
face and in turn the response per bound cell'?. Effective
peak RU” at my = 11800 RU, however, was not obtained,
mainly because the cell binding was no longer stable
especially at low osmotic pressures.

3 Discussion

Interactions of surface-bound biomolecules are governed
by their binding kinetics as well as by physical-chemical
regulating factors. Upon the developed cellular kinetic
model and the proposed assay using a SPR-based BIAcore
biosensor, the time course of cell binding was able to be
correlated with cellular kinetic rates. Impacts of the anti-
body-presenting level and cell concentration, flow dura-
tion and rate, as well as medium pH value and osmotic
pressure were tested to further understand the cellular
binding kinetics (Figrues 2—9). The advantage of the new
approach is to extend SPR technique from soluble analytes
into surface-bound biomolecules with quantified kinetic
rates. Such a new approach also provides a functional cell
binding platform in pharmaceutical industries.

The kinetic model developed here was based on
Langmuir equations from bulk chemistry®#* To extend
the model to predict cell binding mediated by surface-
bound biomolecular interactions, two important issues,
cell transport and cell-cell interactions, should be taken
into account carefully. Unlike the soluble biomolecular
kinetics measurements where mass transport effect is
minimized using a high flow rate (>30 uL/min) and low
antibody-presenting level (about several hundreds of
RU)%#—8 3 high antibody-presenting level (about
several thousands of RU or even higher) and low flow
rate (1—10 puL/min) are required in the current cell
binding assay to enable the binding of RBCs to immobi-
lized mAbs at a measurable sensitivity. Besides, cell
concentration should be carefully determined in order to
have the high sensitivity but the low interactions among
free and/or bound cells, because high cell concentration
would significantly bias the time courses of cell binding
which in turn prevent estimating the kinetic rates from
fitting the sensorgrams (Figure 3). Prediction of spatial
and temporal distribution of flowing cells at the vicinity
of chip surface, C, from a high bulk cell concentration
(e.g. 20107 cells/mL) is still a challenge even in fluid

mechanics analysis, which is beyond the scope of the
current work.

The prerequisite for use of the above equations to
predict the measured sensorgrams is the linear relation-
ship between measured RU and the number of bound
cells. This seems to be reasonable when no significant
cell transport and cell-cell interactions are found in cell
binding"*'*%®!. To understand the mechanism regulating
cell binding, impacts of cell concentration, flow duration
and rate, and medium pH value and osmotic pressure
were tested experimentally in the current work (Figures
2—9), and our data indicated that the approach is appli-
cable to surface-bound biomolecules constitutively-ex-
pressed on RBC or immobilized on a chip surface. This
new approach is able to be applied in other biological
systems where interacting molecules are surface-bound.
It should be pointed out, however, that such depend-
ences of regulating factors vary with the identities of
cells and biomolecules of interest.

The cellular kinetic rates reported here are different
from the molecular kinetic rates of surface-bound bio-
molecular interactions. This is because the binding of
soluble or cell-bound antigens (or receptor) to immobi-
lized antibodies (or ligand) is governed by respective ki-
netic mechanisms. In a typical measurement as performed
in a conventional BIAcore test for soluble analytes, mass
transport effect must be taken into account to best fit sen-
sorgram data at varied analyte concentrations and probe
site densities when the reaction kinetic model in bulk

27-29
dZ=2! In the measurement for surface-

chemistry is applie
bound molecules reported, however, a probabilistic model
is required because the binding of a cell-bound antigen (or
receptor) to an immobilized antibody (or ligand) is a sto-
chastic process and governed by two-dimensional kinetics

1238 Here a cellular kinetic model was

of small systems
proposed, as the first step of serial studies, to correlate
cell binding responses to cellular kinetic rates and to de-
velop a relevant assay for experimental measurements
and data analysis. A new kinetic model accounting for
spatial and temporal distribution of flowing cells at the
vicinity of chip surface is required in future investigating
the intrinsic kinetic rates of surface-bound molecules

from measured sensorgrams.
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