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Abstract: Peptide cross-linked poly(ethylene glycol) hydrogel is a promising biomaterial that has
been used widely for drug delivery and tissue engineering. However, the use of this material as a
biosensor material for the detection of collagenase has not been explored. Collagenase play a key
role in rheumatoid arthritis and osteoarthritis. Detection of this class of enzyme using the
degradable hydrogel film format is promising as a point-of-care device for disease monitoring. In
this study, a biosensor was developed based on the degradation of a peptide cross-linked
poly(ethylene glycol) hydrogel film for the detection of collagenase. The hydrogel was deposited on
gold-coated quartz crystals and their degradation in the presence of collagenase was monitored
using a Quartz Crystal Microbalance (QCM). The biosensor was shown to respond to concentrations
between 2 nM to 2000 nM with a lower detection limit of 2nM.
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1. Introduction

Biosensors based on the degradation of hydrogel films have previously been introduced for the
detection of various proteases. The degradation of peptide cross-linked dextran hydrogel films was
successfully monitored using QCM and impedance measurements at interdigitated electrodes in
the presences of periodontal disease biomarkers: human neutrophil elastase (HNE), cathepsin G
and matrix metalloproteinase-8 (MMP-8) [1,2]. In both studies, different peptide cross-linkers were
used and the results show high specificity of the biosensor to the enzyme of interest. Collagenase
levels were previously reported to be higher in synovial fluid of rheumatoid arthritis (RA) and
osteoarthritis (OS) patients, and correlated with inflammation in acute RA and chronic pathology of
OS [3].

Poly(ethylene glycol) (PEG) is a hydrophilic polymer and has been reported to have anti-fouling
properties [4]. The use of dendritic architecture of PEG as biosensor material is promising as it has
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more active sites for cross-linking and low non-specific binding. The cross-linking of 4-arm PEG
norbornene with specific peptide sequences is likely to offer good sensor responses and high
specificity based on the peptide cross-linker used. In this study, the peptide cross-linker,
GCRDVPMS|MRGGDRCG was used to cross-link 4-arm PEG norbornene (MW 20,000) to detect
collagenase. A solution containing the peptide and polymer in PBS pH 6 was drop coated onto a
hydrophobic glass slide. The QCM crystal was placed on top of the solution. The hydrogel formed
after UV exposure for 300 s. The degradation of peptide cross-linked PEG was detected in the
presence of collagenase using QCM measurements (Scheme 1). The sensor was shown to be sensitive
in a concentration range of 2 nM to 2000 nM.
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Scheme 1. Sensor fabrication and collagenase sensing on gold coated QCM crystals.
2. Materials and Methods

2.1. Materials

Custom peptide GCRDVPMS|MRGGDRCG (| shows cleavage site, MW 1696.97 Da) was
purchased from Proteogenix, Schiltigheim, France. Collagenase from Clostridium histolyticum for
general used Type I (approximate MW 125,000 Da), 4-arm poly(ethylene glycol) norbornene (MW
20,000), tricine (N-[tris(thydroxymethyl)methyl]glycine, 99%), sodium chloride (99.5%), calcium
chloride dihydrate (99%), phosphate buffer saline tablets, anhydrous toluene (99.8%) and
trichloro(octadecyl)silane (90%) were purchased from Sigma. Concentrated sulfuric acid (95-98%),
zinc chloride and hydrogen peroxide (30% H:0: (w/w)) were purchased from Fluka. Sodium
hydroxide (1 M) was purchased from Fisher Chemicals, UK. Microscopic glass slides (Menzel-
glaser, 75 mm x 25 mm) from Thermo Scientific were used in sensor fabrication. Polished, gold
coated QCM crystals (AT-cut, 10 MHz) were purchased from International Crystal Manufacturing
Company, Inc. (Oklahoma City, OK, USA). All solutions were prepared with Milli-Q water
(resistivity 18.2MQ.cm).

2.2. Sensor Fabrication

Prior to the sensor fabrication, 200 puL of hydrogel solution in PBS pH 6 for 100% cross-linking
was prepared by mixing 104.2 uL of PEG NB (192.4 mg/mL) and 17.8 uL of peptide cross-linker
(GCRDVPMS|MRGGDRCG) (190.9 mg/mL). 5 mol % of the photo-initiator Irgacure 2959 in
methanol was added last and the mixture was kept away from sunlight and used freshly. To
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silanize the glass slides, they were immersed in 0.2% tricholoro(octadecyl)silane in anhydrous
toluene for 90 min and kept dry after rinsing.

For the sensor fabrication, the hydrogel solution was sandwiched between a silanized glass slide
and a QCM crystal and exposed to UV light (17 mW/cm?, 350-500 nm) for 300 s using a UV lamp
Omnicure series 1500 [5]. The coated QCM crystal was then removed from the silanized glass slide
and kept in PBS buffer before use. Scheme 1 shows the schematic diagram of sensor fabrication and
collagenase sensing.

2.3. Monitoring Degradation of Hydrogel Using QCM Measurements

Degradation of the hydrogel by collagenase was monitored using QCM measurement. The QCM
data was analysed using the Butterworth Van Dyke (BVD) equivalent circuit with AR representing
the viscoelasticity and wAL representing the mass of the hydrogel on the gold coated QCM crystal
[6]. Prior to the degradation experiment, the hydrogel was first equilibrated in PBS buffer pH 7 before
exposure to collagenase. Varying concentrations of collagenase (0.2-2000 nM) were used to
investigate the effect of enzyme concentration on the degradation of the hydrogel with degradation
recorded for 10 min after exposure tocollagenase.

3. Results and Discussion

Degradation of the peptide cross-linked PEG hydrogel was investigated using QCM in PBS
buffer and was exposed to 20 nM collagenase over 10 min as shown in Figure 1. The sensor
response was stable in PBS buffer before exposure to the collagenase. A significant decrease of QCM
response, wAL and AR were observed after exposure to collagenase, which corresponds to the
cleavage of the peptide cross-linker in the hydrogel films. The data shows that AR was more
significant than wAL in the QCM response, thus AR will be used in the further discussion.
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Figure 1. QCM response, AR and wAL of 100% GCRDVPMS|MRGGDRCG cross-linked PEG after
addition of 20 nM over 10 min.

Figure 2 shows the response of 100% GCRDVPMS|MRGGDRCG cross-linked PEG hydrogel to
different concentrations of collagenase in a range of 0.2 nM to 2000 nM. From Figure 2a, the sensor
successfully detected collagenase and was shown to be concentration dependent with a lower
detection limit of 2 nM. An increase of the sensor response, AR, was observed as the concentration of
collagenase increased (Figure 2a), which corresponds to a faster degradation of the peptide cross-
links with increasing collagenase concentration. At high concentrations of collagenase, the hydrogel
films were observed to be smoother after 10 min exposure to the enzyme compared to a rough
surface before the degradation. A collagenase concentration of 0.2 nM showed no response which
indicated that no significant degradation of the hydrogel occurred.
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Figure 2. (a) QCM response, AR of 100% GCRDVPMS|MRGGDRCG cross-linked PEG after
addition of 0.2 nM, 2 nM, 20 nM, 200 nM and 2000 nM at t = 0. (b) Concentration dependence of the
QCM response, average of AR, measured for 10 min after the addition of collagenase.

4. Conclusions

Here, a collagenase biosensor was successfully developed. The sensor shows a QCM response
dependent on collagenase concentration, which was tested within a range of 0.2 nM to 2000 nM. The
lower detection limit of this sensor was 2 nM of collagenase. Further investigation of the effect of the
degree of cross-linking on the degradation by collagenase is currently under way.
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