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Abstract
A new approach to direct quantitative detection of small molecules (haptens) by dynamic light scattering biosensing is presented.
The proposed technique implements a homogeneous competitive immunoassay and is based on optical detection of specific
inhibition of nanoparticle aggregation induced by the analyte in a sample. The technique performance was tested both in buffer
and milk for detection of chloramphenicol – antibiotic relevant to food safety diagnostics. Good specificity, sensitivity (LOD in
milk is 2.4 ng/ml), precision (4.0 ± 1.2%), ruggedness (8.3%), and 96% recovery in conjunction with a record wide dynamic
range (3 orders of magnitude) of the nanosensing technique were demonstrated. Such characteristics complemented by the assay
simplicity (no washing step) and a short assay time make the approach attractive for application as an analytical platform for
point-of-care and field-oriented diagnostics.
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Introduction

Direct optical detection methods have been steadily gaining
more attention in recent years due to the possibilities they

provide for development of fast and easy-to-handle analytical
assays, the results of which are not compromised by probe
labeling [1]. This tendency is heavily supported by recent
regulatory guidelines that require testing of new medical de-
vices in situ conditions rather in vitro. Immobilization of a
bioreagent and detection of its binding with a soluble counter-
part is one of the most popular concepts for direct biosensing.
Usually, the solid phase is represented by flat gold films or
Schottky structures for surface plasmon resonance (SPR) sen-
sors [2, 3], and surface of a waveguide or a glass chip for
interferometry sensors [4]. The signal may be detected as a
change in thickness of the adsorbed layer, in the refraction
index values, etc. However, all these methods require elabo-
rate preparation of sample or surface modification. In this
connection, direct biosensing that employs the phenomenon
of elastic light scattering including the dynamic light scatter-
ing (DLS) and a distributed surface of nanoparticles, rather
than a flat one of a biochip, represents an appealing alterna-
tive, especially in the light of recent advances in nanotechnol-
ogies [5–9]. The combination of ligand carrier properties with
sophisticated tracer functionality has determined a wide
spread of nanoparticles, whose field of use extends from ana-
lytical and diagnostic applications [10] to the engineering of
advanced “smart” nanoconstructions for biomedicine and
theranostics [11–14].
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Such sensing platforms are based on direct optical registra-
tion of the temporal dependence of laser intensity scattered by
hybrid nano-objects, such as functionalized nanoparticles, in
the course of their biospecific aggregation. The obtained data
are subjected to further mathematical processing and are pre-
sented as a dependence of size of the aggregated nano-objects
from the analyte concentration [15]. This approach was suc-
cessfully applied to quantitative detection and analysis of a
wide range of chemical and biological targets [16]. For in-
stance, the DLS-based nanosensors were developed for regis-
tration of proteins and nucleic acids [17, 18], tumor markers
[19–22], viruses and viral pathogens [23–25], several trans-
gene products [26], and toxic metal ions [27]. The application
of DLS-based nanosensors for direct detection and analysis in
no-wash point-of-care diagnostics is of special interest and
importance [3, 28].

Currently, there are two major immunoassay concepts for
analyte detection – sandwich [29] and competitive [30] as-
says. In the case of DLS optical biosensing, most assays are
sandwich-type and involve nanoparticle conjugates with two
different antibodies as an immunological pair.When these two
types of nanoparticles are mixed in a sample solution that
contains antigen (analyte), a specific binding causes the nano-
particles to form aggregates. The resulting shift in average
particle hydrodynamic diameter (AHD) can be detected by
DLS and directly correlates to the analyte concentration [6].
A similar concept may be applied for detection of the target
molecules with several identical epitopes. In this case, only
one type of nanoparticle-antibody conjugates may be used.
Generally, the sandwich-type DLS assays are characterized
by good sensitivity but their use is limited to detection of large
multi-epitope analytes in a very narrow range of concentrations.

Here, we propose an alternative approach for DLS-based
detection of small single-epitope analytes in a competitive-
type assay. To the best of our knowledge, this is the first
DLS-based nanosensor that employs a simple but effective
concept of a decrease in the size of nanoparticle aggregates
upon increase of analyte concentration due to competitive
binding between the analyte molecules in a solution and the
ones immobilized on the surface of the nanoparticles.
Chloramphenicol (CAP) was chosen as a representative mod-
el analyte to validate the proposed concept.

CAP is an antibiotic, which is effective against a wide
range of bacterial infections in both humans and animals.
However, when administered on a regular basis even in small
concentrations, it may cause serious side effects, such as Gray
syndrome and fatal aplastic anemia. This fact has led to the
complete ban of CAP by the FDA in the USA, as well as by
the EC authorities [31]. However, in the most of low- and
middle-income countries, it is still in the toolbox for animal
use due to its low price. Thus, development of a reliable,
sensitive, rapid, and robust assay for CAP is of vital impor-
tance for these countries.

Existing analytical methods for CAP detection include
label-free interferometric biosensors [30], enzyme-linked im-
munosorbent assay (ELISA) [31], high-performance liquid
chromatography (HPLC) [32], gas chromatography–mass
spectrometry (GC–MS) [33], and quartz crystal microbalance
(QCM) [34]. All these methods have excellent characteristics
in terms of accuracy and sensitivity. However, their wide ap-
plication is limited due to the high cost and complicated sam-
ple processing that requires qualified personnel. In this case,
the use of nanoparticles (NPs) as multimodal probes is prom-
ising. In the last years, optical NP-based sensors for CAP
detection were developed that exploit quantum dots fluores-
cence [35], surface-enhanced Raman scattering (SERS) [36],
and localized surface plasmon resonance (LSPR) in function-
alized gold nanoparticles [37, 38].

Operational concept of the nanosensor

The proposed approach employs nanoparticles as a quasi-
homogenous solid phase for immobilization of an analyte
and its receptor, which are usually represented by an
antigen-antibody pair. First, a suspension of antibody-
functionalized nanoparticles (conjugate A) is mixed with the
sample and incubated for several minutes. The analyte mole-
cules bind to antibodies on the nanoparticle surface, decreas-
ing the number of “vacant” antibodies. Then, the nanoparti-
cles functionalized by the analyte are added (conjugate B),
and the mixture is incubated for 30 min. If all analyte mole-
cules in the solution are bound, the average fraction of vacant
antibodies on the conjugate A surface can be expressed as:

ηvac ¼ η0−
10−3 • C • NAv

ηc A
ð1Þ

where ηc _ A is the number concentration of the conjugate
nanoparticles A (cm−3); η0 is the total number of antibodies
per nanoparticle; C is the molar concentration of the analyte;
and NAv is the Avogadro constant. The derivation of this for-
mula and simulation of the target molecule capturing on con-
jugate A surface using Langmuir kinetic equation [39] are
outlined in Section S1 of the Electronic Supplementary
Material (ESM).

At the second stage, conjugates A and B aggregate at a rate
that depends on their concentrations, the constants of analyte-
receptor association and dissociation rates, and the concentra-
tion of “vacant” antibodies on the nanoparticle surface after
exposure. The aggregation model that takes into account the
blockade of antibody fraction on the surface of conjugate A is
also given in Section S1 of ESM. The model is based on the
Smolukhovsky coagulation theory [40] and substantiates the
proposed approach theoretically.
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For the special case of dimer formation at the initial stage of
aggregation, the time dependence of AHD of the single- and
double-particle aggregate mixture can be expressed as
follows [41]:

dh tð Þ
dh 0ð Þ ¼ 1þ I2

2⋅I1
1−

dh1
dh2

� �
k11N0t þ ::: ð2Þ

where I1 and I2 are the light scattering intensities of single conju-
gates and dimers, respectively; dh1 and dh2 are their hydrodynamic
diameters; k11 is the aggregation rate constant; t is the reaction
time; andN0 is the total concentration of single conjugate types A
and B at the initial time. For the biospecific aggregation of con-
jugates during incubation, this constant is proportional to the frac-
tion of vacant antibodies on conjugate A surface (see details in
Section S1.2 of ESM). Thus, as it follows from Eqs. (1) and (2),
the smaller the average size of the conjugates at the end of incu-
bation, the greater the analyte concentration in the sample. The
average conjugate size after incubation is measured using DLS.

The proposed system implements a competitive no-wash im-
munoassay in the DLS format (Fig. 1). Indeed, the analyte mol-
ecules compete with conjugate B for binding to the antibodies on
the surface of conjugate A. The target molecules have a
privileged position due to much smaller size and, therefore,
higher diffusion coefficient compared with that of conjugate B.

Next, we have experimentally demonstrated the feasibility
of such nanosensor using detection of CAP as a model. The
feasibility was shown in both end point and kinetic modes.

Materials and methods

Materials

The following reagents and materials were used: chloram-
phenicol (CAP), bovine serum albumin (BSA), trisodium

citrate dihydrate, phosphate buffer saline (PBS) (all from
Sigma-Aldrich, Germany); monoclonal mouse anti-
chloramphenicol CAPB10 antibodies (Mabs, Russian
Research Center for Molecular Diagnostics and Therapy,
Russia); chloroauric acid (Dragtsvetmet, Russia).
Gentamicin (Dalchimpharm, Russia) and lincomycin
(Belmedpreparaty, Belarus) antibiotics were used. Sterilized
milk for baby food of 3.2% fat mass fraction was purchased
from a local grocery store. All other auxiliary reagents were of
analytical grade and were used without further purification.

Сarboxylated polystyrene-coated magnetic 0.2 μm beads
Estapor with high (MH1-020/50, SPION-H) and lower (M1-
020/50, SPION-L) concentration of surface carboxyl groups
and Red Fluorescent PS Latex Beads 0.31μmwere purchased
from Merck Millipore (France) and Magsphere Inc (USA),
respectively. The gold nanoparticles (40 ± 5 nm) were pre-
pared by citrate reduction of HAuCl4 solution according to
the modified Turkevich protocol [42].

Methods

The conjugates of magnetic nanoparticles with CAP-BSA
conjugate or anti-CAP antibody were prepared via adapted
carbodiimide method [43]. Briefly, 200 μg of nanoparticles
was mixed with the solution of 9 mg EDC and 4.5 mg S-NHS
in 20 μl of 50 mMMES buffer (pH 5). The resulting mixture
was sonicated for 20 min at RT, and 25 μg of protein in borate
buffer (pH 8) was added. After overnight incubation, the
nanoparticles were washed thrice and resuspended in 80 μl
of 1% BSA in PBS (pH 7.4).

Latex Beads conjugates were obtained via passive adsorp-
tion according to the manufacturer recommendations in PBS
(pH 7.4). The resulting nanoparticles were washed out by
repeated centrifugation and finally resuspended in 80 μl of
1% BSA in PBS.

Fig. 1 Schematic representation of the proposed assay principle: on the
left – conjugates aggregation at low analyte concentration, most antibod-
ies are vacant after the first stage, large aggregates are formed at the

second stage; on the right – high analyte concentration, most antibodies
were occupied at the first stage and small aggregates are formed at the
second stage
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Conjugation of gold nanoparticles was carried out as de-
scribed previously [44]. Briefly, 0.8 ml of gold nanoparticle
suspension (OD = 0.66 at 530 nm) was added to 100 μg of
CAP-BSA or 45 μg of antibodies (conjugation with antibod-
ies was carried out at pH 9 adjusted with 0.05MNaOH). After
2–3-min incubation, 0.2 ml of 5% BSA in PBS (pH 7.4) was
added; the mixture was washed three times with 1% BSA in
PBS by centrifugation and resuspended in 100 μl of 1% BSA
in PBS. CAP-BSA auxiliary conjugate was obtained by incu-
bation of chloramphenicol succinate (CAP-suc) with EDC
and S-NHS dissolved in 50% DMSO and 50% 50 mM MES
buffer (pH 5) for 2 h. Next, BSA in borate buffer (pH 8) was
added with molar ratio BSA:CAP-Suc:EDC:NHS =
1:40:80:80. The mixture was incubated overnight and washed
with Zeba desalting column.

Scanning electron microscopy (SEM) images were obtain-
ed with a MAIA3 (Tescan, Czech Republic) microscope at
accelerating voltage of 10 kV. The samples were diluted down
to appropriate concentrations, placed onto silicon wafer, and
then allowed to dry at the ambient conditions.

DLS assay in buffer solution. Various sample preparation
algorithms were tested, differing in concentrations of the con-
jugates and the ratios between the conjugates and the analyte.

According to the basic protocols for end point measure-
ments, 10 μl of 1% BSA solution in PBS was mixed with
CAP sample solutions of various concentrations (from 0 to
106 ng/ml). Then, the conjugate A solution (10 μl of latex
(2.5 g/l), gold NPs (50 pM), or 5 μl Estapor magnetic beads
(2.5 g/l)) was added, and the mixture was incubated for 5 min.
After that, the conjugate B solution (10 μl of latex (2.5 g/l),
gold NPs (50 pM), or 5μl of Estapor beads (2.5 g/l)) was added
and incubated for 30 min at 37 °C. Finally, the solution was
diluted to 2 ml with PBS, and AHD was measured by DLS.

DLS assay in milk. The CAP stock solution (1 g/l) was
prepared by mixing 2.7 ml of the milk with 0.3 ml of CAP
ethanol solution (10 g/l). The milk samples with different
CAP concentrations were prepared by the stock dilution with
unspiked milk in the certain proportions.

Then, 10 μl of the obtained solution was mixed with 10 μl
of 1% BSA-PBS solution followed by adding of 5 μl of

Fig. 3 Dependences of the nanoparticle AHD vs. CAP concentration in
the working buffer: (a) semi-log scale for three types of conjugates based
on gold, SPION-H, and latex NPs; (b) linear scale for SPION-H and

SPION-L (higher- and lower-carboxylated)-based conjugates (the insert
shows larger scale fragment for SPION-H). Error bars correspond to
standard deviation

Fig. 2 Scanning electron microscopy (SEM) images of gold (a), SPION (b), and Red Fluorescent PS Latex (c) nanoparticles
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SPION-L-based conjugate A solution, vortexing, and 5-min
incubation. Conjugate Awas then precipitated using a perma-
nent magnet. The collected pellet was resuspended in 20 μl of
1% BSA-PBS and sonicated, and 5 μl of pre-sonicated
SPION-L-based conjugate B was added. The resulting mix-
tures were incubated at 37 °C for 30 min, then dissolved in
1 ml of PBS in a DLS cuvette, and AHD was measured by an
ARN-2 analyzer.

A recovery test was carried out by mixing of three CAP
solutions of known concentrations (53.3, 266.7, and
533.3 ng/ml in the working buffer) in equal proportions
(1:1) followed by comparison of the calculated and the mea-
sured values of the increase in concentrations. Five indepen-
dent measurements were performed. The overall assay recov-
ery (R) was calculated as a mean of the ratios between the
measured (Cm) and actual increments of CAP concentration
(Ca) in the samples: R (%) = (Cm/Ca) × 100.

In the kinetic studies, the incubation was carried out direct-
ly in the DLS analyzer thermostated cuvette (total volume
300 μl, including 10 μl analyte, 5 μl solutions of conjugates
of types A and B, 280 μl PBS) at 10 times lower concentration
of reagents than at the end point measurements.

Instrumentation

The nanoparticle size analyzer ARN-2 developed by
“VNIIOFI” (Russia) and described in [45] was used for end
point measurements. The assay was performed at the scatter-
ing angle 90° in a 3.5-ml Kartell polystyrene cuvette with path
length of 10 mm. For the kinetic studies, a Malvern Zetasizer
Nano ZS analyzer with the scattering angle 172° and 70–
850-μl Brand UV microcuvettes was used.

Results and discussion

End point measurements

To demonstrate the flexibility of the proposed approach and its
independence on the nature of analyzing nanoparticles, we
have tested the bioconjugates of anti-CAP Mabs with gold,
latex, and superparamagnetic (SPION) nanoparticles (see
Fig. 2 and ESM Fig. S1 for SEM images and DLS
characteristics of the initial NPs, respectively).

All tested NPs showed satisfactory performance in the
CAP assay (Fig. 3a), while the most reproducible data and
best limit of detection (LOD) were obtained for conjugates
based on gold NPs and SPION (4.0 and 11.5 ng/ml, respec-
tively). The magnetic particles permit easy manipulation and
measuring DLS in opaque mediums (for example, in milk, see
below) by magnetic extraction of the reacted components
followed by redispersing in a suitable medium with

subsequent measurements of DLS. Therefore, we used these
particles for further studies.

The analysis of the results indicates that there is no detect-
able particle aggregation at very high CAP concentration (1 g/
l in the sample solution), and the mean conjugate diameter is
similar to that of single nanoparticle. The dependence of AHD
on concentration in a semi-log scale is close to linear or par-
abolic with a small non-linearity in the wide concentration
range (Fig. 3a). For relatively small concentrations, the depen-
dence of the nanoparticle AHD on analyte concentration can
be fit by the empirical formula:

d cð Þ ¼ d∞ þ d0−d∞
1þ k • Cn ð3Þ

where d0 is the AHD in the absence of CAP; d∞ is the AHD at
a very high CAP concentration, where no aggregation is de-
tected; and k and n are the fitting parameters, which can be
calculated from the experimental data. The examples of this
formula application are presented in Fig. 3b. The non-linear
least square method was applied for calculation of the fitting
parameters k and n. This formula and algorithm can be used to
plot the calibration curve for various analytes of interest.

Note that the value of AHD in the analyte absence and at a
fixed measurement time can serve as a reliable input test for
quality control of the used bioconjugates. In particular, the

Fig. 4 Results of the nanosensor specificity test. AHD of the reaction
suspension after incubation with CAP and two other antibiotics in
comparison with a control signal (no analyte added). Asterisks indicate
the significance level of the difference (p < 0.01) between signal and
control

Table 1 Precision of the
CAP measurements CAP concentration (ng/ml) RSD (%)

29 5.3

57 2.4

286 4.3

571 3.9

Dynamic light scattering biosensing based on analyte-induced inhibition of nanoparticle aggregation



values less than 2000 nm after 30-min incubation indicated
poor quality of the SPION-based conjugate (for example, its
deterioration due to long-term storage) and the need to
replace it.

In addition, as can be seen from Fig. 3b and the data in
ESM Table S2, the shape and slope of the AHD vs. CAP
concentration curve and the sensitivity of CAP determination
greatly depend on colloid-chemical properties of the nanopar-
ticles and the resulting bioconjugates. In particular, three dif-
ferent receptor surface densities were studied by changing the
concentration of anti-CAP antibody (conjugate A) and CAP-
BSA (conjugate B) in the adsorption solution (1.0, 0.33, and
0.11 g/l). Besides, for each density, the measurements of av-
erage hydrodynamic diameter at three different volume con-
jugate A/B ratios (1: 2, 1:1, and 2:1) were made in five repe-
titions. We found that by varying a number of nanoparticle
parameters (size, carboxylic group concentration, amount of
surface adsorbed biomolecules, ratio of the components, etc.),
we could control the shape and slope of the calibration curve
to optimize the assay performance. These results are in good
agreement with the proposed mathematical model
(Section S.1.3.2 in ESM), given the differences in the value
of the parameter q0 (total number of antibodies per conjugate).
In the optimized conditions, the LOD for CAP determination
was found to be as low as 4 ng/ml.

It is important that the proposed two-stage assay is more
resistant to the sample-induced non-specific aggregation than
the traditional single-stage competitive format of DLS assay.
Indeed, the addition of an analyte reduces the number of va-
cant antibodies and, accordingly, affects only the biospecific
aggregation of the conjugates at the second stage of the anal-
ysis. Since the nanosensor detects the change in AHD relative
to the particle size at the beginning of the second stage of the
assay, the possible non-specific aggregation of nanoparticles
or blocking the bioreceptors by the sample components is
disregarded and does not affect the result. This also allowed
significant expansion of the working concentration range of
the sensor, which in our measurements reached the record
three orders of magnitude and significantly exceeded the
known analogues (see below).

Evaluation of the assay performance

Specificity To test the specificity of the CAP nanosensor, we
carried out control experiment to verify the influence of the
interfering substances on the nanosensor signal. The solutions
of the two commonly used antibiotics – gentamicin and

Fig. 6 Dependence of the nanoparticle AHD vs. CAP concentration in
milk. SPION-L (lower-carboxylated)-based conjugate A was incubated
with CAP-spiked milk samples, then magnetically separated, redispersed
in buffer, and incubated with conjugate B, followed by AHD measure-
ments by the ARN-2 DLS analyzer. Error bars correspond to standard
deviation

Fig. 5 Time evolution of the AHD increment for different CAP
concentrations. DLS results with use of SPION-based conjugates

Table 2 Results of the assay
recovery study (n = 5) Sample concentration (ng/ml) Increase in concentration (ng/ml) Recovery (%)

Unspiked Spiked Expected Found

53.3 160.0 106.7 103.5 97.0

53.3 293.3 240.0 238.4 99.3

266.7 400.0 133.3 122.3 91.8
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lincomycin – were used as non-specific analytes. For each
drug, the same sequence of operations was carried out as for
CAP detection using CAP-specific SPION-based conjugates.
The results of end point measurements at high (10,000 ng/ml)
analyte concentration are presented in Fig. 4. As can be seen,
the addition of even large amount of antibiotics other than
chloramphenicol does not lead to significant unspecific de-
crease of AHD. This confirms the good specificity of the
nanosensor.

Precision To evaluate the assay precision, five independently
prepared CAP samples in the working buffer were obtained
for four different CAP concentrations. Each of the samples
was analyzed 5 times using a standard DLS technique, and
relative standard deviations (RSD) were calculated (Table 1).
The RSD for the measurement sets was found to be in the
range of 2.4–5.3% with the mean RSD value as small as 4.0
± 1.2%.

Ruggedness The assay ruggedness against possible variations
in sample preparation and instrumentational errors was vali-
dated by comparison of the normalized values of AHD for the
two series of measurements of independently prepared CAP
samples by different DLS instruments (Zetasizer Nano ZS and
ARN-2). We found that the mean RSD between the two series
was 8.3%.

RecoveryRecovery of the assay was determined by analysis of
spiked CAP working buffer solutions (see “Methods” sec-
tion). Three CAP-containing samples with known concentra-
tions were mixed together in equal proportions, and the mea-
sured and calculated values were compared using the corre-
sponding calibration curve (Fig. 3b). As can be seen from the
typical results (Table 2), the assay recovery was in the range of
92–99% that indicates a good agreement between the mea-
sured and calculated values (mean recovery ca. 96%).

Kinetic study of the nanosensor signal evolution

Results of the time dependence measurements of the nanopar-
ticle AHD evolution are shown in Fig. 5. The measurement
duration was about 1 h, twice longer than that in the end point

detection experiments (see above). An almost linear depen-
dence of AHD vs. time was observed. That is in a good agree-
ment with that predicted by Eq. (2).

Note that the AHD in the time-resolved measure-
ments after 30-min incubation is smaller than that de-
tected in the end point measurements due to lower con-
centration of antibodies and analyte. The experimental
kinetics data shown in Fig. 5 are consistent with the
simulation results shown in ESM Fig. S1.

Detection of CAP in real samples

To demonstrate the potential of the proposed method, we an-
alyzed real food samples using CAP-spiked milk as an exam-
ple. The composition variability, high content of interfering
and masking components (fats, proteins, carbohydrates), and
heavy turbidity make milk a very difficult object for optical
assays. To implement this analysis, we used the advantages of
rapid magnetic separation, provided by the use of the conju-
gates based on magnetic nanoparticles.

According to the developed technique, after sample prepa-
ration to separate milk fats (see “Methods” section), a known
amount of CAP was added and then incubated with SPION-L
conjugate A. After that, the magnetic particles were quickly
precipitated using a permanent magnet, redispersed in the
working buffer, and incubated with SPION-L conjugate B,
and AHD measurements were carried out according to the
previously developed protocol (see “Methods” section). The
calibration curve constructed in this way is presented in Fig. 6.
The LOD calculated using the “3 Sigma” criterion was found
to be as low as 2.4 ng/ml with a wide dynamic range of more
than 3 orders (5 to 10,000 ng/ml).

We should note that the processing of the non-defattedmilk
samples may require further adjustment of the assay to ac-
count for the lipid-solubility of CAP (which may result in
significant loss of CAP during the defatting process) [46].

Comparison with other CAP nanosensors

The comparison of the proposed method with some other
reported indirect optical CAP nanosensors is shown in
Table 3. It should be noted that several analytical techniques

Table 3 Analytical
characteristics of some optical
CAP nanosensors

Detection method Limit of
detection
(ng/ml)

Concentration
range (ng/ml)

Samples Reference

Quantum dots fluorescence 5 40–500 Serum and milk [35]
SERS + gold nanoparticles + polymers 100 100–1000 Milk [36]
LSPR + gold nanoparticles + aptamers 0.01 0.03–3 Milk [37]
Colorimetry + gold nanoparticles + aptamers 2.5 30–150 Milk [38]
DLS + magnetic nanoparticles + antibody 2.4 5–10,000 Milk This work
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mentioned in the “Introduction” section provide the limits of
CAP detection on the level of about 0.1–1.0 ng/ml.
However, these indirect methods are time-consuming and
complicated and thus are hardly suitable for express diag-
nostics (screening). At the same time, having a good sensi-
tivity (up to 2.4 ng/ml) in real samples, a record-wide dy-
namic range of measured concentrations, and considerable
ease of measurement, the proposed nanosensor has obvious
advantages over these methods and can be successfully ap-
plied to point-of-care diagnostics.

Conclusion

Here, we have demonstrated a novel approach to direct
optical biosensing that exploits the DLS-based analysis.
The operation concept employs a two-step competition
between target molecules in a sample and on the surface
of nanoparticles. Developed biosensing method has been
confirmed both theoretically by the numerical simulation
and experimentally in the end point and kinetic modes.
The near-linear dependence of AHD on concentration in
semi-log scale has allowed us to reach the record-wide
dynamic concentration range of three or more orders of
magnitude. The analytical platform is universal and may
employ various types of nanoparticle interfaces as dem-
onstrated with gold, latex, and superparamagnetic nano-
particles. Such flexibility has permitted significant ex-
pansion of the method functionality, including analyzing
of opaque medium such as food products. In particular,
the analytical potential of the nanosensor has been con-
firmed by detection of chloramphenicol antibiotic in
milk with high sensitivity (LOD ca. 2.4 ng/ml) within
the wide dynamic range (5–10,000 ng/ml). The combi-
nation of sensitivity, specificity, and reproducibility of
the proposed method makes it a promising tool for ex-
press field environment monitoring and point-of-care di-
agnostic applications.
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