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Bovine serum albumin (BSA) containing buffers are the standard blocking buffer in biosensing, yet human
serum is the intended application for most clinical sensors. However, the effect of human serum albumin
(HSA) on binding assays remains underexplored. A simple and well-studied assay (human IgG/goat anti-
human IgG) was investigated with a surface plasmon resonance (SPR) sensor to address this fundamental
question in sensing. Calibrations were performed with buffers containing various concentrations of
bovine or human serum albumin, as well as full and diluted bovine or IgG-depleted human serum. It was
found that HSA or human serum, but not BSA or bovine serum, significantly affected the SPR shift and
binding constants of the assay. Interestingly, large differences were also observed depending on whether
the animal or human antibody was immobilized on the SPR chip for detection , highlighting that matrix
protein/analyte/receptor interactions play a significant role in the response. We find that the interaction of
soluble HSA with human IgG interferes with the recognition region, affecting the binding constant, and
thus results obtained in BSA are not necessarily applicable to clinical samples or in vivo conditions.
We also clearly demonstrate why a minimum dilution of 1:10 is often required in SPR assays to remove
most background effects. Taken together, these results show that: (1) BSA does not affect the
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binding constant between antibodies and thus serves its purpose well when only surface blocking is
intended, (2) HSA is an adequate surrogate for human serum in assay optimization, and (3) blocking
buffers should be prepared with HSA in the optimization steps of assays to be translated to human blood
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Introduction

The recent pandemic has further emphasized the importance
of mobilizing the scientific community and healthcare services
to develop a series of tools to characterize, identify, and treat
an emerging disease. Among them, the rapid development of
analytical tests or sensors, therapies, and vaccines are essential
in controlling the spread of a virus.”” On the longer term, ser-
ological tests®™ or sensors®’ that target antibodies in human
serum or blood are needed to assess humoral immunity at the
population level. To achieve that, sensors for antibodies need
to work in biofluids, but the translation of sensors from the
laboratory to clinical applications remains a bottleneck.
Further understanding how biofluids interacts with the com-
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ponents of sensors and its impact on immunoassays is thus
important, as well as finding good surrogate biological media
for assay development.

Antibodies are large proteins produced by blood cells as
one of the tools to protect the organism against viruses. They
are composed of a constant domain (Fc) and two variable
domains (Fab) that are highly specific to an antigen. The Fab
domain is often used in sensors because of its high selectivity.
This is one of the most common receptors used in sensors,
but several problems can arise during an antibody assay. Other
proteins or molecules may bind to the antibody in a non-
specific manner.>® Antibodies will have an affinity for a
specific part of the analyte; in the case of a virus, usually a
surface protein that must be immobilized on the surface of the
sensor. Therefore, selecting the appropriate molecular receptor
and placing it in the appropriate orientation to bind the anti-
body is critical to an efficient assay. However, this is only part
of the problem, as the consideration of the matrix effect is key
to developing sensors for clinical applications.'® Antibodies
circulate in blood, so an assay must be able to capture anti-
bodies in a complex matrix either directly in blood or in (hope-
fully undiluted or moderately diluted) serum. In both cases,
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multiple background proteins can bind nonspecifically to the
sensor or the surface-bound capture antigen'' and affect
sensor performance.

The development of protein-based sensors faces many chal-
lenges, such as the availability and high cost of capture pro-
teins and the unavailability of human antibody standards.
While these challenges are certainly important, we see another
important challenge. Certified antibody-free serum is extre-
mely rare and expensive, especially for COVID as the popu-
lation is increasingly infected or vaccinated. This raises the
simple but fundamental question of what is the most appro-
priate medium for optimizing assays and its impact on sensor
performance for antibody detection.

Clinical samples are usually in the form of serum or whole
blood, but in many cases the development of a serological
sensor begins in buffer, a controlled environment simpler
than blood. The most commonly used buffer is phosphate
buffered saline (PBS) supplemented with bovine serum
albumin (BSA). BSA is generally used to block potential non-
specific adsorption sites."”> Serum albumin is the most
common matrix protein and it is found at high concentrations
of 3.5% to 5% in blood. Although BSA is used for other pur-
poses, a protein of such importance in blood could provide
insight into the effects of the blood or serum matrix would
have on a sensor and the effects of human serum albumin
(HSA) on biological assays are often overlooked. Proteins in
solution can affect the assay in a number of ways, including by
competing for the active site or by interfering with the mass
transport of the components. Understanding how HSA affects
the binding kinetics and how these results compare when
translated to real matrices could greatly accelerate the develop-
ment of future serological tests.

Here, we investigate the effect of the matrix composition on
the kinetic and thermodynamic constants of a well-known
antibody pair, human immunoglobulin G (IgG) and goat anti-
human IgG. This interaction is studied in the presence of HSA
to evaluate the effect of background proteins on a sensor in
the context of clinical sensing. BSA is also studied as well to
evaluate whether it could be used as a cheap yet effective
buffer in preliminary tests towards clinical sensing. The sensor
was developed based on a portable surface plasmon resonance
(SPR) platform,™*** although we expect the results to be gener-
ally applicable to other SPR sensors or other sensing plat-
forms. The suitability of SPR sensors for label-free and rapid
clinical sensing has been demonstrated™® for a wide range of
biological targets including proteins and antibodies'® and the
results will then be extrapolated to bovine and human serum,
which are more realistic matrices in the context of clinical
sensing.

Experimental section
Materials

N-(3-Dimethylaminopropyl)-N"-ethylcarbodiimide hydro-
chloride (EDC, crystalline) and N-hydroxysuccinimide (NHS,
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98%), bovine serum, bovine serum albumin (BSA, lyophilized
powder, crystallized >98.0% (GE)), Human serum albumin
(HSA, lyophilized powder, >96% (agarose gel electrophoresis)),
were purchased from Sigma-Aldrich. Human Gamma Globulin
(purified from non-immunized animal serum, IgG), goat anti-
human IgG (H + L, polyclonal, Jackson Immunoresearch
Labs), and human immunoglobulins (IgG, IgA, IgM, and IE)
depleted serum solution (Celprogen) were purchased from
Cedarlane. Ferritin protein (from human liver) and rabbit anti-
human ferritine (polyclonal) were purchased from
MyBiosource. Recombinant Protein G was purchased from
ThermoFisher. The anti-fouling peptide (3-mercaptopropionyl-
LHDLHD, 98.35%) was obtained from Affinité Instruments.

Buffer preparation

The various running buffer solutions used in the experiments
were diluted with PBS 1x (Fisher scientific) supplemented with
0.005% Tween (wt/vol, M.P. Biomedicals), when applicable, to
keep the final Tween concentration constant at 0.005%. Stock
solutions were prepared by dissolving either BSA or HSA at a
concentration of 5% (m V~!). Running buffer solutions with
lower BSA or HSA concentrations (2.5%, 1%, 0.5%, 0.25%, and
0.1%) were prepared by diluting the corresponding 5% stock
with PBS supplemented with 0.005% Tween. Bovine and
human serum were fortified with 0.005% Tween, and serum
was diluted (50% to 0.8% v/v) with PBS 1x supplemented with
0.005% Tween. These buffers were stored at 4 °C until use.

SPR experiments

Prior to the experiments, approximately 100 pL of the anti-
fouling peptide solution (100 pM in dimethylformamide) was
deposited on each prism and covered overnight to form a
peptide monolayer with a free carboxyl terminus. The coated
prisms were washed several times with anhydrous ethanol and
deionized (DI) water to remove excess peptides, dried with
nitrogen gas, and stored at 4 °C away from light. Each SPR
experiment was performed on a P4SPR (Affinité instruments)
using a freshly prepared SPR chip (Affinité Instruments).
Surface functionalization with capture protein (human IgGs or
goat anti-human IgGs) was performed using EDC-NHS cross-
linking chemistry. Equal volumes of EDC (400 mM in DI
water) and NHS (100 mM in DI water) solutions were
thoroughly mixed for less than one minute and immediately
injected onto the SPR chip. Activation of the peptide mono-
layer with the EDC-NHS solution was performed for 2 minutes
before the solution was washed away with a 10 mM sodium
acetate buffer at pH 4.5 prior to injection of the capture
protein (20 pg mL™' in 10 mM sodium acetate buffer, pH
4.5,"7'8 Fisher scientific). The capture protein solution was left
in the cell for 20 minutes to bind the carboxyl surface via its
primary amino group and then washed out with the 10 mM
sodium acetate buffer at pH 4.5. The assay was continued from
this step only if a binding shift of 2000 resonance units (RU),
+10%, was achieved. This corresponds to a binding shift of
approximately 5.63 nm. Unreacted active sites were then
blocked by injecting 1 M ethanolamine hydrochloride (in DI
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water, adjusted to pH 8.5, Sigma-Aldrich) for 10 minutes.
Finally, the running buffer for the experiment was injected
and the signal allowed to stabilize before the next solution was
injected. In experiments using protein G, protein G (20 pg
mL™" in 10 mM sodium acetate buffer pH 4.5) was injected
after the EDC-NHS solution. Protein G was washed with
sodium acetate buffer (10 mM pH 4.5) and unreacted sites
were reacted with 1 M ethanolamine hydrochloride pH 8.5.
The capture antibody was injected after washing away any
remaining ethanolamine with the sodium acetate solution.
The running buffer was then injected and stabilized prior to
analyte injections.

Calibration curves in serum or buffer were then performed
by injecting each analyte concentration (1, 2, 5, 10, 25, and
50 pg mL™") only after the previous binding curve had
sufficiently stabilized, defined as an increase of less than 15%
of the total curve shift in the last 10 minutes. Each injection of
analyte was performed in triplicate in the analytical channels,
while buffer was injected in the reference channel. Between
each experiment with the instrument and before adding a new
SPR chip, the tubing and fluidic cell were washed with 1 mL of
a 10 mM glycine solution in DI water at pH 2.2 and 4 mL of DI
water. The DI water was left in the cell and tubing overnight
and washed with fresh DI water the next morning before
drying the cell and changing the prism for the next experi-
ment. It was noted that without this overnight cleaning pro-
cedure, a non-specific signal could sometimes be observed
after water injection prior to surface functionalization.

Assays with ferritin and anti-ferritin as analyte and mole-
cular receptor were performed in the same manner except that
the sodium acetate solution was at pH 5.5, the anti-ferritin
concentration used for surface functionalization was 10 pg
mL~", and the injected analyte concentrations were 25, 50,
100, 200, 500, 1000 ng mL~".

Data processing

The acquired data were processed using TraceDrawer
(Ridgeview Instruments AB). The SPR sensorgrams were
trimmed of the surface functionalization steps and injection
spikes. The signal from the reference channel was then sub-
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tracted from the analysis signals, and injection spikes were
deleted when necessary. Calculated SPR shifts were between
the end of a concentration’s binding curve and the baseline
prior to each analyte injection. Kinetic evaluation was per-
formed on each channel individually, without further proces-
sing, using a one-to-one model with depletion correction due
to the absence of pumping in the experiment. The
TraceDrawer evaluation directly provided the apparent kinetic
constants of the antibody pair in the experimental condition.

Results and discussion
Calibration in PBS buffers supplemented with BSA or HSA

Protein—-protein interaction is one of the hallmark experiments
in SPR sensing. As such, a calibration curve was first estab-
lished using a human IgG functionalized surface, where the
binding partner was goat anti-human IgG in a buffer solution
containing 0.1% of either HSA or BSA. Standard sensorgrams
were obtained with both proteins and the expected Langmuir
isotherm where SPR shifts reached a plateau at high analyte
concentration was observed (Fig. 1 and S1t). This result shows
that the experiment was well controlled, and that the proteins
and molecules involved in the surface functionalization and
analyte binding interacted as expected. The binding para-
meters offers a quantitative measure of the impact of BSA and
HSA on the biomolecular interactions. In absence of impact of
these proteins on the biomolecular interactions, the binding
parameters should remains statistically invariable, as shown
for buffers with 0.1% BSA or 0.1% HSA. The association rate
constant (ko,) was 0.8 x 10* M™" s7* in BSA and 1 x 10* M™*
s~ in HSA (p = 0.19), the dissociation rate constant (k.¢) was 2
x107* s7" in both BSA and HSA (p > 0.99), and the dissociation
constant (Kp) was 25 and 39 nM for BSA and HSA respectively
(p > 0.11). Taken together, these results demonstrate statistical
equivalency of HSA and BSA at a concentration of 0.1%.

The experiment was then reproduced with buffers contain-
ing higher fractions of BSA or HSA (Tables S1 and S2+t). Results
demonstrated that ko, kor and Kp were unaffected by the BSA
concentration, with a value centered around 0.9 x 10* M~' s™*
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Fig. 1 Typical sensorgram for goat anti-human IgGs in 0.1% HSA running buffer on a human IgG functionalized surface (left) and corresponding
Langmuir isotherm calibration curve (right). Red lines represent the injection of the next concentrations. Concentrations are 1, 2, 5, 10, 25, and

50 pg mL™L,
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for kon, 2.5 x 10™* 57 for ko, and 27 nM for Kp. This result
could be expected since bovine proteins should not cross-react
or interact with the goat and human proteins used in this
binding assay. However, the kinetic and thermodynamic con-
stants (Fig. 2 and 3) and the overall appearance of the sensor-
grams (Fig. S21) changed drastically as the HSA concentration
was increased. Visually, as the HSA fraction increased, a higher
analyte concentration was required to observe an SPR shift,
meaning that null signals were observed at otherwise detect-
able concentrations in BSA (Fig. S2t). This was further exacer-
bated by the concentration of HSA in the running buffer, to
the point that even the highest concentration (50 pg mL™") of
goat anti-human IgG did not produce a signal at a 5% HSA
fraction, making it impossible to calculate kinetic constants. It
should be noted that the apparent unstabilized binding curves
in Fig. S27 for the higher concentration are due to the scaling
of the time axis. The signal from this injection alone was
allowed to stabilize for over an hour, of which the last
10 minutes showed less than a 10% increase compared to the
total shift. Also, the kinetic constant used here and throughout
this study is the apparent constant of our goat polyclonal anti-
body and human gamma globulin. It is used as an average to
compare the two buffer proteins and to describe the trends
observed, not to define absolute values for the protein pair.
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The presence of null signals for the lower concentrations
also had a significant effect on the kinetic and thermodynamic
constants calculations. k,, went from 1 x 10* M™" s™" to nearly
zero as the HSA fraction increased from 0.1% to 0.5%. Even a
concentration of 0.25% HSA was sufficient to reduce k., by two
orders of magnitude. This caused a significant increase in the
time required to reach equilibrium for each concentration
(Fig. S27). Relatively speaking, k¢ was moderately constant as
it was equivalent to BSA at low HSA fractions, spiked moder-
ately to 1.6 x 107> s™* at 0.5% HSA and dropped back to near
zero at 2.5% HSA, although the calculation at this concen-
tration may be biased by the large proportion of null signals.
Ky, followed a similar trend to kog, starting at 39 nM at 0.1%
HSA and increasing to 0.5 mM at 0.5% HSA. Once again, the
Kp calculation at 2.5% and 5% HSA was unreliable due to the
large amount of null signals. The curves in HSA buffer, when
converted to a concentration calibration plot, show variation in
the sensitivity of the assay (Fig. 4). While some variation in the
final binding shift can be observed due to varying amount of
bound capture protein and measurement error, the general
trend is that sensitivity is lower at high fractions of HSA.

These results may surprising at first, as they clearly show
that small differences'® between proteins of different mamma-
lian origin in the buffer, especially at concentrations approach-
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Fig. 2 (A) Influence of the protein content in the buffer on Kp with BSA (black) or HSA (red). (B) Influence of serum fraction (bovine (black) or
human (red)) on Kp. Note that a protein fraction of about 5% in panel A corresponds to the same protein concentration as undiluted serum (100%,
panel B).
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Fig. 4 Calibration plot for goat anti-human IgG in buffers with varying
HSA concentration. Lines connecting data points guide the eye and do
not represent a binding model.

ing that of biofluids, can have a drastic effect on the SPR
assay. Importantly, the most significant effects were observed
at HSA concentrations as low as 0.5%, corresponding to an
approximate serum dilution of 1:10 (very common in clinical
assays in SPR'). The decrease of k., with HSA can be
explained by the protein content of the buffer, which hinders
the association of the analyte with the functionalized surface.
In addition, HSA may hinder the mass transport of anti-IgG or
occupy the binding sites on the human IgG surface, thus
requiring a higher analyte concentration to displace the HSA.
This may be supported by the fact that HSA is more hydro-
phobic than BSA.>° HSA may therefore interact more with the
antibodies, whether they are in solution or bound to the
sensor’s surface.

Another possible explanation could be due to different
levels of fouling on the surfaces, altering the accessibility of
surface-bound molecular receptors. A previous report showed
no major differences in fouling between various sources of
mammalian sera (bovine and chicken).”" It is important to
note that functionalization of low-fouling surfaces may alter
the fouling performance and biorecognition activity.>> As
such, we verified that the differences in biomolecular inter-
action in the presence of the different matrices (BSA, HSA,
bovine serum and human serum) were not related to different
levels of surface fouling in the presence of these matrices.
Each matrix was exposed to an SPR chip functionalized with
human IgG and passivated with ethanolamine. Fouling was
assessed as the shift of the baseline in running buffer
measured before and after exposure of the surface to 1% BSA,
1% HSA, 1: 5 dilution of bovine serum, and 1: 5 dilution of Ig-
depleted human serum. Bovine serum at 1:5 dilution had a
significantly greater fouling at 1078 RU compared to 210 RU
for Ig-depleted human serum at the same dilution, while 1%
HSA or 1% BSA had 491 and 576 RU shifts, respectively. The
difference in fouling from bovine and human serum can be
explained by the absence of immunoglobulins in human
serum, necessary given the nature of the immunoassay. Since
bovine serum had the greatest fouling and no effect on the
analytical response for the detection of anti-IgG, while human

This journal is © The Royal Society of Chemistry 2023
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serum had the least fouling and the greatest effect on the
analytical response, we conclude that fouling is not involved in
reducing the response of the sensor in matrices with higher
concentrations of background proteins in the matrix.

Effect of antibodies configuration and orientation

To further investigate the effect of the assay configuration on
the human IgG and goat anti-human IgG pair, the previous
calibration was repeated with the analyte and surface proteins
exchanged. Thus, solutions of human IgGs were injected onto
surface-bound goat anti-human IgGs. From these experiments,
the influence of the buffer protein content on the mass trans-
port of human IgG can be observed while the mass transport
effect of goat anti-human IgG is eliminated.

Calibrations for the soluble human IgGs on a surface of
goat anti-human IgGs were performed with buffers containing
0.1% or 5% HSA or BSA, respectively, covering the lower and
upper limits investigated above. Experiments with 5% BSA or
HSA did not result in significant plasmonic shifts. For some
analyte injections, the signal even decreased slightly. This
phenomenon could be due to the flow force displacing pro-
teins that were weakly aggregated or nonspecifically adsorbed
on the surface. Experiments with 0.1% BSA or HSA both
showed a weak SPR shift at the lowest concentrations and did
not increase further with injections of concentrations above
2 pg mL™, except for an increasing baseline (Fig. S4t). The
observed shifts and the calculated maximum binding (Bmax)
for this assay were greatly reduced and consequently &, is very
high due to the rapid saturation of the surface (Table S37).
This result indicates that either both proteins effectively block
binding sites in this assay configuration, or that a goat anti-
human IgG surface provides fewer binding sites for human
IgG than a human IgG surface under the same conditions. The
lack of signal at higher albumin concentrations for both pro-
teins indicates that some antibody binding is lost at high
albumin concentrations, reducing the sensitivity of the assay.

We hypothesized that this last observation could be
explained by improper orientation of the goat anti-human
IgGs when using EDC-NHS coupling. Proper orientation of
antibodies results in the Fab domain exposed to the solution,
such that it remains available for binding the epitope it recog-
nizes on human IgG. Failure to orient the antibodies with the
Fab domain exposed to the solution leads to poor recognition
of the target analyte and lower SPR response. The goat anti-
human IgG is designed to capture the Fc domain of the
human IgG via its Fab domains. Although EDC-NHS coupling
is expected to bind the antibodies through the lysines that are
mainly in the Fe region, a preferential Fab domain orientation
on the surface could explain a loss of signal with the goat anti-
human IgGs on the surface and a good signal with the human
IgGs on the surface. When the goat anti-human IgGs are Fab-
bound to the gold surface, capture of human IgGs becomes
impossible, while the same configuration with the human
IgGs exposes the Fc domain for capture of the goat anti-
human IgG. The experiment was redesigned and protein G was
used to bind the antibodies to the surface. Protein G binds the
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Fc domains of antibodies from several species, including goat
and human, and is commonly used to orient the Fc domain
on the surface, exposing the Fab region.?

Fig. S51 shows the sensorgrams obtained when protein G
was used to bind the capture antibody to the surface. With
goat anti-human IgGs on the surface, the SPR shift at satur-
ation increased from 1.5 to 3.4 nm with protein G. However, it
remained significantly smaller than with human IgGs on the
surface, where the SPR shift was 14.1 nm and increased to
17.6 nm after the 50 pg mL™" analyte injection with protein
G. Protein G resulted in a slightly higher calculated Bpay,
which resulted in a lower calculated k,,, compared to the same
assay configuration without protein G (Fig. 5 and Table S47).
Although protein G is assumed to be bound in a random
orientation, this added layer of protein is favorable for anti-
body binding because it has 3 binding sites, potentially
increasing the number of antibodies bound to the surface. As
previously observed, when using a surface of goat anti-human
IgG, the SPR shift saturated at lower analyte concentrations
than with surface-bound human IgG, albeit at a concentration
of 5 pg mL™" with protein G as opposed to 2 pg mL™" without
protein G. In addition, as in experiments without protein G,
the signal obtained with goat anti-human IgG on the surface
was much smaller than that with human IgG. This affected the
Kp measured with protein G (Fig. 5). Taken together, these
results indicate that the decrease in signal is not due to impro-
per orientation of the antibodies on the surface.

Calibrations in diluted serum

BSA and HSA are important and major components of bovine
and human serum, respectively, but clinical analysis is faced
with a more complex matrix. To evaluate how the previous
results compare to the matrix for clinical samples, goat anti-
human IgG calibrations on a human IgG surface were repeated
with either bovine serum or IgG-depleted human serum. The
experiment was performed with full serum and repeated by
diluting the serum several times by 2 with the main buffer
down to a 1 in 128 dilution. Kinetic and thermodynamic con-
stants were obtained as before (Tables S5 and S67).

1000 A goat anti-human IgG

"0

<_ 100+

= human IgG

]

=)

A

= 10—

S | |

X | | |_|
1 T T T

T F P P P o

FELFEE
\.(9 \.c’
Q€ €

View Article Online

Analyst

The constants obtained with bovine serum were very stable
over all of the serum dilutions and very similar to those
obtained with BSA buffers (Fig. 2 and 3). With bovine serum
Kon, kofr, and Ky, averaged 8 x 10° M™' s, 2.9 x 107* s, and
35 nM respectively, and were constant throughout the dilution
series. As in previous experiments with BSA, all sensorgrams
obtained with bovine serum showed the expected Langmuir
isotherm, with the highest human IgG concentration (50 pg
mL™") approaching surface saturation.

However, assays performed in IgG-depleted human serum
showed no response at lower analyte concentrations when
using undiluted or lightly diluted human serum. When full
serum was used, no signal was obtained for any of the analyte
concentrations (from 1 to 50 pg mL™"). This effect diminished
with more diluted serum, as the SPR sensor began to respond
at lower analyte concentrations. This is consistent with the pre-
vious experiment using HSA, as serum dilution decreases the
concentration of blood proteins, including human serum
albumin.

This effect is clearly reflected in the Ky (Fig. 2) and ko,
(Fig. 3) of this binding interaction in human serum. IgG-
depleted human serum decreased k., and increased Ky, of the
assay at low serum dilutions (1:16 dilution or less). Thus, it
was not until the serum was diluted 32-fold that the binding
constants were consistent with those expected in BSA or
bovine serum. In particular, the calculated k,, constant
increased with serum dilution, while k. remained relatively
stable (Table S61). It is noteworthy that the IgG depleted
serum contains less antibodies than the full unprocessed
serum would have, as the IgG concentrations were at most
50 pg mL ™", whereas the serum IgG concentration is usually in
the mg mL™" range. The current experiments were therefore
performed in a somewhat simplified matrix and still had a
drastic effect on the results. Nevertheless, these results in
human serum are in good agreement with HSA, demonstrating
that the use of a buffer containing the appropriate concen-
tration of human serum albumin is a good approximation of
how the serum would interact in a biological assay. Overall,
these results demonstrate that bovine and human serum or
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Fig. 5 Influence of the assay orientation and immobilization strategy on ko, (A) and Kp (B). Human IgG (white bars) or goat anti-human IgG (gray
bars) were immobilized using EDC—NHS coupling or protein G (Prot.G), while the other protein was in solution. Assays were performed in 0.1% BSA

or 0.1% HSA supplemented buffers.
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Fig. 6 Calibration curves for different BSA (A) and HSA (B) concentrations in running buffers.

albumin are not equivalent in biological assays. We believe
this conclusion should be applicable to other biosensing plat-
forms, especially for the ones using surface-bound molecular
receptors, as the results show that the interaction between the
binding partners are influenced by the molecular interaction
of the background proteins with the analyte or receptor, and
that this is not a result of the transduction mechanism.

Human ferritin and rabbit anti-ferritin

As a final validation step, the assay was performed with a
different receptor/analyte pair. A surface functionalized with
rabbit anti-human ferritin antibodies was used to capture
human ferritin from the same BSA and HSA buffers as pre-
viously used for human IgG/anti-IgG. Anti-ferritin was immobi-
lized at a pH of 5.5 and a concentration of 10 pg mL™", as this
provided a better surface binding for this biomolecular inter-
action. Sodium acetate wash buffer was prepared at the same
pH. The ferritin concentration in the buffer was also adjusted
to match the range in which both minimal binding and satur-
ation could be observed: concentrations between 25 and 1000
ng mL~" were used. This assay was performed with both 0.1%
and 5% concentrations of either BSA or HSA.

This protein pair showed much weaker binding and there-
fore very small wavelength shifts were obtained. As a result,
the signal-to-noise level was lower and kinetic constants could
not be extracted. Consequently, the results could only be ana-
lyzed qualitatively. Similar to the previous experiments, the
measurements in a buffer with a low BSA and HSA concen-
tration resulted in the expected Langmuir isotherm for both
buffers (Fig. 6). There was a small difference between the
buffers, as with 0.1% BSA in solution, a total SPR shift of
0.8 nm was obtained at surface saturation, while a buffer con-
taining HSA resulted in a shift of 0.6 nm. This observation
could be a result of the HSA interfering with the binding of
the proteins.

In this case, higher BSA concentrations in the buffer did
not lead to significant shifts, which can only be related to non-
specific binding, as no trend in ferritin concentration can be
observed. During the assays, it was observed that the surface of
the sensor was slightly disturbed by the injections, resulting in
loss of signals, as if weakly bound proteins were washed away

This journal is © The Royal Society of Chemistry 2023

by the increased pressure, further supporting only nonspecific
interactions. Similar to previous experiments with high HSA
content, injection of ferritin solutions in 5% HSA running
buffer resulted in lower SPR shifts, but the decrease in SPR
shifts was less than for either the IgG sensor or the ferritin
sensor in 5% BSA running buffer. Taken together, these
results highlight the effect of high background protein concen-
trations on SPR sensors.

Conclusions

Several conclusions can be drawn from these results. BSA
buffers provided controlled and repeatable binding assays with
the expected Langmuir isotherm sensorgrams. The kinetic
constants were stable and unaffected by changes in BSA con-
centration or the presence of bovine serum. Thus, BSA is an
ideal background matrix for monitoring biomolecular inter-
actions in a matrix that does not interfere with binding inter-
actions. These experiments showed strong differences between
bovine and human albumin or their sera, despite their struc-
tural similarities. A loss of antibody binding response was
observed at higher concentrations of HSA in the buffer, which
was more pronounced for IgG. It seems that HSA blocks the
interaction between the binding partners or slows down the
mass transport, since no effect was observed for kg, but a
marked decrease in k,, was observed for moderately diluted
serum or high HSA concentrations. This effect could be due to
the higher hydrophobicity of HSA compared to BSA, which
may increase its interaction with the binding partners. We
observed that these effects were minimized only at HSA
dilutions greater than 10-fold, as 0.5% HSA still showed sig-
nificant effects on the binding constants or on the SPR shifts.
These observations were also made in IgG-depleted human
serum, highlighting the similarities between HSA and human
serum, making HSA a suitable surrogate for human serum in
assay development. Calibration curves for ferritin showed
similar SPR shifts for 0.1% BSA and HSA, but a large decrease
in sensitivity for 5% BSA compared to a small decrease for 5%
HSA. This observation shows that different proteins may inter-
act differently with BSA and HSA, affecting sensor performance
in matrices with high background protein. We conclude that
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HSA should be used early in the development of buffers to
accurately mimic the non-specific interactions and effects of
human proteins on clinical assays. Otherwise, an assay opti-
mized using bovine proteins or serum may prove difficult to
translate to human clinical samples.
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