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Applicability of CIM®-monolith based immobilized trypsin
reactors for continuous β-Lactoglobulin hydrolysis

Coupling trypsin enzyme onto chromatographic supports provides a platform to reuse the enzyme and automate
the hydrolysis process. A monolithic chromatographic support, such as Convective Interaction Media (CIM®),
enables mass transfer of molecules within its channels exclusively by convective flow. This results in enzymatic
conversion which is not limited by diffusion, making CIM® monoliths ideal for the preparation of immobilised
monolith enzymatic reactors (IMERs). BIA Separations offers CIMac™ trypsin IMER with a bed volume of 0.1 mL as
analytical platform for mass spectrometry (MS)-based proteomics. Larger volume IMERs (up to 80 mL) are
available for industrial scale production of protein hydrolysates. The following example describes the enzymatic
production of β-Lactoglobulin (β-Lg) hydrolysates using monoliths with 2 μm (N1) or 6 μm (N2) average channel
diameter.

METHOD
CIM® trypsin 1 mL (2 or 6 µm average channel diameter)
10 CV ultra-pure water (16.8 MΩ cm at 20 °C)
20 CV Tris-HCl buffer, pH 7.8
Flowrate 10 mL/min
Hydrolysis:
25 mL, 10 mg/mL β-Lg in water, pH 7.8, recirculated at 10 mL/min for at least 3 h
Washing:
10 CV 0.5 mM NaOH + 1 M NaCl (pH 10.5)
20 CV ultra-pure water
20 CV 19 mM CaCl2 in 5% ethanol/water (v/v) (pH 3)
Storage
4 °C in 19 mM CaCl2 in 5% ethanol/water (v/v) (pH 3)
Note: all applied solutions, including substrate solution, were filtered through 0.45 µm cellulose filter before use.
Column:
Column conditioning:

The enzymatic activity measurements were based on a standard Nα-Benzoyl-L-arginine ethyl ester (BAEE)
spectrophotometric procedure. As shown in Figure 1, N1 showed almost twice the enzymatic activity compared
with N2, which correlates well with the almost double amount of immobilized trypsin in N1 (results not shown).
With increasing pH up to 9.2, the activity of both IMERs remained stable and even exhibited a slight increment.
The immobilized trypsin could survive without any decrease of activity at pH 10.5, which was chosen as pH of the
washing solution in this study. In contrast, the activity of trypsin in solution (free trypsin) started to decrease
above pH 8.1.

Page 1

©2018 by BIA Separations

Figure 1: Activity profiles for IMERs and free trypsin at increasing pH values.

After BAEE activity characterisation of the IMERs, their use in production of β-Lg hydrolysates was evaluated. The
hydrolysis efficiency of IMERs at a recirculation flow approach was compared with free trypsin (1.5 mg, which
shows similar BAEE activity as the whole N1) in a stirred solution. As illustrated in Figure 2, the maximum reaction
velocity (V) by free trypsin at the given conditions in this study reached around 1.28 meqv/min, 5-fold and 7-fold
the reaction velocities of N1 and N2, respectively. The reaction velocity continuously decreased during the
hydrolysis process, most notably for free trypsin. The final degree of hydrolysis (DH) after 4 h of hydrolysis by 1.5
mg free trypsin was only around 6%, well short of its theoretical DHmax, 11.18%. The reason for the deactivation of
free trypsin is its autodigestion. On the other hand, the DH for N1 IMER approaches 11% after 4 h of digestion,
undoubtedly proving the absence of trypsin autodigestion.

Figure 2: Evolution of DHs of β-Lg for three hydrolysis experiments.

Both N1 and N2 IMERs were used to hydrolyse β-Lg (10 mg/mL) for 18 cycles (6 h in the first cycle, 3 h each
following cycle). The enzymatic activity remained constant for both types of reactors, proving the stability and lack
of enzyme deactivation with long-term use. Additionally, the permeability of N2 IMER (large channels) was
unchanged after 18 recirculation cycles. Permeability of N1 (smaller channel) decreased gradually after the 10th
cycle, indicating some channel blockage (Figure 3).
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Figure 3: Long-term use of CIM®-trypsin IMERs – monitoring the permeability and enzymatic activity over 18 digestion cycles. A) N1
reactor; B) N2 reactor

CONCLUSIONS
CIM® trypsin immobilised enzymatic reactors showed significant enzymatic activity towards β-Lg regardless of the
size of their channels (2 µm and 6 µm).
The degree of hydrolysis (DH) achieved by N1 after a 4 h cycle (9.68%) was significantly higher than that of free
trypsin (6.02%). Due to autodigestion, a higher amount of free trypsin is required to achieve DH max. Immobilised
trypsin is not subjected to autodigestion.
The crucial requirements for enzymatic hydrolysate production is a need for processing a larger amount of
substrate and longer continuous digestion time in each cycle, which may cause the blockage of the IMER and
consequently decrease its life time. We have shown that IMER with 6 µm pores enabled at least 18 digestion
cycles without any decrease of permeability and enzymatic activity, thus showing its potential for industrial
applications.
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Information and specifications contained here are, to the best of our knowledge, accurate and represented in good faith. They are intended to help you start
working with this new separation technology and are subject to change without notice. BIA Separations shall not be liable for errors contained herein or for
incidental or consequential damages which may occur during use. For more information on our products, visit our home page at: http:://www.biaseparations.com
or contact your local distributor. We reserve the right to alter the specification detail etc. without prior notice or liability.
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