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Nanophotonic platform for the highly sensitive
detection of trypsin enzyme in human urine†

Shrishty Bakshi, * Kezheng Li, Pankaj K. Sahoo and Thomas F. Krauss

Trypsin is an important indicator of pancreatic disease. We intro-

duce a nanophotonic test for the detection of trypsin. Our

approach is based on the hydrolysis of b-casein by trypsin.

We demonstrate 0.1 ng mL�1 of trypsin detection in human urine

and across the clinically relevant range.

Pancreatic diseases are some of the most common causes of
illness around the globe, affecting a significant number of
people globally.1,2 The incidence of pancreatitis, one of the
most common pancreas diseases, results in 12 000 hospital
admissions per year in the UK alone3 and the problem is
rapidly increasing worldwide.4 These observations call for a
better, highly sensitive testing technology that is easily acces-
sible and that can help detect pancreatic diseases at an early
stage for better management and timely treatment. Trypsin is
an important enzyme, used for studying pancreatic diseases.5,6

Trypsin is involved in the hydrolysis of protein molecules into
shorter peptide fragments to enhance their absorption.7,8

Studies have found that there is no trypsin found in the urine
of healthy people. However, the urine of patients who have
undergone pancreas transplants contains high levels of trypsin,
i.e. concentrations on the order of 10’s of mg mL�1.9,10 We also
note that trypsin plays an important role in the progression of
pancreatic cancer and development of diseases such cystic
fibrosis, viral diseases, etc.11–13

The techniques commonly used for trypsin detection are
enzyme-linked immunosorbent assay (ELISA),14 mass spectro-
metry,15 fluorescent-based assays,9 radioimmunoassay16 and
gel electrophoresis.17 The major drawback of these methods
is the requirement for labelling and the need for bulky and
sensitive instrumentation as well as skilled labour, which
results in high costs and lengthy analysis times, thus reducing
the uptake of such tests. Efforts to develop point-of-care

biosensing devices for trypsin detection are underway,18 but
most approaches are based on fluorescence,11,19–21 which
requires labelling and more complicated read-out instruments.
Alternatively, tests that are more suitable for near-patient use
tend to have lower sensitivity and a limited dynamic range.22

The ESI,† Table S1 provides a more detailed comparison of
different label-free sensing technologies developed for the
detection of trypsin. Overall, we observe that a highly sensitive
trypsin biosensor with a large dynamic range that is easy to use
and can be realised cost-effectively has not yet been demonstrated.

Here, we introduce such a biosensor. Our modality is based
on a wavelength-scale grating that supports guided mode
resonances (GMRs), which can be readily excited with colli-
mated light from an LED. This modality is much easier to
implement than many other photonic sensors that require the
difficult coupling of laser light into a waveguide of submicron
cross-section. By continuously varying (‘‘chirping’’) the period
of the grating, we translate spectral information into spatial
information such that the readout can be performed with a
simple CMOS camera, thereby removing the requirement for
a high-resolution spectrometer.23 In addition, to address any
drift caused by the light source or temperature-related fluctua-
tions, a reference channel is placed in close proximity to the
measurement channel. We have also shown that the sensor can
be realised in a handheld format without loss of performance24

and that it is robust against thermal fluctuations and mechanical
vibration;25 hence, it is ideally suited for near-patient deployment.
Here, we present evidence that this modality is also effective for
monitoring trypsin levels in clinical fluids, especially human urine.
The sensing principle is based on the hydrolysis of a b-casein layer
immobilised on the sensor surface by the trypsin enzyme.

A robust and stable surface chemistry ensures the sensi-
tive detection of analytes of interest from a complex matrix.
Fig. 1(a–d) describes the preparation and operation of the
biological interface used here. The interface employs polydo-
pamine surface chemistry, which we have shown to be stable
and effective.26,27 The polydopamine layer is applied to the
grating to immobilise the b-casein substrate. The grating is
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fabricated using electron beam lithography, and it exhibits a
resonance when illuminated by light at 650 nm wavelength
(Fig. 2(a)). As we have already shown, the sensors can also be
fabricated using nanoimprint lithography for larger-scale com-
mercial purposes.24

We first perform the measurements in phosphate buffer
saline (PBS) solution. Typically, GMR sensors exhibit an
increase in resonance wavelength (red shift) when proteins
bind to the sensor surface. This occurs because the bound
material increases the refractive index of the cladding, thereby
causing the resonant mode to shift. Since we chirp the grating’s
period and illuminate with a fixed wavelength, this will trans-
late the resonant position towards a lower period as the
refractive index increases. The position of the resonance is
then captured by a CMOS camera (Fig. 2a). In the case of
detecting enzymatic activity, the resonance moves in the oppo-
site direction (blue-shift), because trypsin digests the b-casein
immobilised on the surface, resulting in a mass loss on the
sensor surface. By tracking the resonance position over time,
the kinetics of the digestion of the b-casein layer is monitored.
Fig. 3a shows the sequence of the full assay, starting from the
immobilisation of b-casein, resulting in mass gain, to washing,

to the introduction of trypsin (10 ng mL�1), resulting in mass
loss. Fig. 3b then shows the dynamic range for different trypsin
concentrations, varying between 0.1 ng mL�1 and 1000 ng mL�1.
We note that for a concentration of 0.1 ng mL�1, the observed
shift is approx. 0.066 nm, which is well above the 3s (mean 3s =
0.019 nm � 0.01 nm (n = 31 � SD)) value of the system. For the
higher concentrations of up to 1000 ng mL�1, we observe a linear
trend with an R2 value of 0.99383; this high R2 value highlights
that our sensor is suitable for quantifying different trypsin con-
centrations. The inset in Fig. 3b displays the individual unbinding
curves for various concentrations. To demonstrate the specificity
of the sensor against interfering molecules in human urine, we
also studied the effect of urea and glucose. For reference, when
using 100 ng mL�1 of trypsin in PBS, we observe a resonance shift
of 0.228 � 0.02 nm (n = 3). When adding 2% urea, the shift is
0.231� 0.01 nm (n = 3) for 100 ng mL�1 trypsin concentration and
when adding 100 mg mL�1 of glucose, the shift is 0.232� 0.03 nm
(n = 3) for 100 ng mL�1 trypsin concentration. Given that all values
are comparable we can be confident that the main interferences
in human urine only have a negligible effect on the sensor
readout.

Finally, we assess the suitability of our sensor to perform
trypsin detection in a real human matrix, here undiluted

Fig. 1 Structure of the sensor and biological interface for the detection of
trypsin: (a) sketch of the silicon nitride-based grating sensor; (b) coating of
the sensor surface with polydopamine surface chemistry; (c) in-flow
immobilisation of b-casein on the coated sensor surface; (d) sensor sur-
face after the action of the enzyme.

Fig. 2 (a) Optical micrograph of two chirped gratings exhibiting reso-
nances in reflection upon illumination with 650 nm wavelength light from
a halogen source. We use a monochromator to reduce the linewidth to
Dl o 1 nm; (b) scanning electron microscope image of the grating.

Fig. 3 (a) Full assay for the detection of trypsin (10 ng mL�1) in PBS;
(b) dynamic range graph for concentrations from 0.1 ng mL�1 to
1000 ng mL�1. The inset shows the unbinding curves for the different
trypsin concentrations between 0.1 ng mL�1–1000 ng mL�1 as the
b-casein is digested by the enzyme.
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human urine. As before, we show the sequence of the assay for
enzyme detection in human urine (Fig. 4a). The first step of
b-casein immobilisation is the same, as shown in Fig. 3a(i).
The second step, urine introduction, causes an upward shift
because urine has a slightly higher refractive index than PBS
Fig. 4a(ii). We note that the resonance curve is stable, indicat-
ing that there is neither fouling nor any other enzymatic
reaction from interfering molecules (note that the urine was
pooled from a sample of healthy volunteers, which may contain
a variety of different molecules), which gives us confidence that
our assay is specific to trypsin. When we introduce the same
urine spiked with trypsin (Fig. 4a(iii)), we see a clear unbinding
curve, indicating that the trypsin digests the substrate.

We used the same concentration range as before, 0.1 ng mL�1

to 1000 ng mL�1, and Fig. 4b shows the corresponding resonance
shifts. The shift observed for 0.1 ng mL�1 is approximately
0.065 nm, which is above the 3 Sigma value. As before, we observe
a linear trend with a high R2 value of 0.99469.

In conclusion, we have demonstrated a diagnostic test based
on guided mode resonances that is able to detect the trypsin

enzyme at concentrations as low as 0.1 ng mL�1. The response
of the test is linear over a concentration range spanning 4
orders of magnitude, which includes the clinically relevant
range for the diagnosis of pancreatic disease. The test performs
equally well in phosphate buffered saline (PBS) as in undiluted
human urine, which gives us confidence in its robustness
and its ability to cope with the large variety of patient samples
that are encountered in practice. The test can be used for
the screening and monitoring at the point of care as we have
previously demonstrated its realisation as a handheld instru-
ment.24 In addition to the specific pancreatic disease applica-
tion we describe here, the work opens up the possibility of
detecting other types of enzymes with the choice of appropriate
substrates. By combining the high performance of laboratory
instruments with the convenience of a near-patient test, we aim
to make this important diagnostic more widely available to
improve the early detection and improved management of
disease. In this scenario, we note that long-term storage of
the functionalised sensors is required, which can be achieved
by stabilising the sensor surface with sugars and polyhydric
alcohols.28,29
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