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Comparison of Enzymatic Activity and Cleavage Characteristics of
Trypsin Immobilized by Covalent Conjugation and Affinity Interaction
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We investigated the effects of immobilization chemistry on the yield of immobilization and the bioactivity of the immobilized
enzymes. Trypsin as a model protein and macroporous polymer beads (Toyopearl AF 650M, Tosho Co., Japan) was used
as a model matrix. Four methods were used to immobilize trypsin; covalent conjugation by reductive amination (at pH 10.0
and pH 4.0) and affinity interaction via streptavidin-biotin, and double-affinity interaction via biotin-streptavidin-biotin system.
The covalent conjugation immobilized 3~4 mg/ml-gel, ca. 3-fold higher than the affinity method. However, the specific activity
of the covalently (pH 10.0) and affinity-immobilized trypsin (via streptavidin-biotin) are ca. 37% and 50%, respectively, of that
of the soluble enzyme (on the low-molecular-weight BAPNA substrate). When the molecular size of a substrate increased,
the affinity-immobilized trypsin showed higher clavage activity on insulin and BSA. This result seemed to indicate the
streptavidin-biotin system allowed more steric flexibility of the immobilized trypsin in its interaction with a substrate molecule.
To confirm this, we studied the molecular flexibility of immobilized trypsin using quartz crystal microbalance-dissipation.
Self-assembled monolayers were formed on the Q-sensor surface by aminoalkanethiols, and gultaraldehyde was attached to
the SAMs. Trypsin was immobilized in two ways: reductive amination (at pH 10.0) and the streptavidin-biotin system. The
dissipation shift of the affinity-immobilized trypsin was 0.8 x 10°, whereas that of the covalently attached enzyme was
almost zero. This result confirmed that the streptavidin-biotin system allowed higher molecular flexibility. These results
suggested that the bioactivity of the immobilized enzyme be strongly dependent on its molecular flexibility.

Key Words : Immobilized trypsin, covalent immobilization, streptavidin-biotin system, quartz crystal microbalance, molecular flexibility.
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Figure 1. Mechanism of reductive amination.
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Figure 2. Immbilization strategy of trypsin on macroporous beads.
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Table 1. Comparison of specific activity of free trypsin with immobilized
trypsin by four different immobilization methods

Specific Total
Streptavidin|  Trypsin activity immobilized
(mg/ml-gel) | (mg/ml-gel) | (unit/immobilized| activity
trypsin mg) (unit/ml-gel)
Reductive amination
32 2 .
(pH 100) 1.20 (37%) 3.84
Reductive amination
(oH 4.0) - 3.6 041 (13%) 1.48
A-biotin linke
SA-blotin linker 4 09 159 (50%) | 143
system
Biotin-SA-biotin
14 I -
linker system 0001
Free trypsin - 3.25 (100%) -

1H51E trypsing} free trypsine] &AMd|
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& 273 free trypsing} ¥ w3t Th Table 104 B =0
H 10.0o14 /2= uypsing # ¢ 1.2 Umg-trypsin &
ZA] free trypsm &49] 37%E FA3H= wdo] pH 4.09)
A AFE uypsin 13%2 wf$ e B9 vehidot
Linker §lo] ¥/ 2¢H trypsing] 7S Ao 7ise =
& PAL e 2o F AAZ A7 B 4 ok A
HA ng%E mypsing Solxoz fEF W YJelx
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Figure 3. The 3D structure of insulin (a: Lys43 and B: ArgS0 can be
digested by trypsin).
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Table 2. Comparison of site-specific cleavage of immobilized trypsin on
human insulin

Specific activity of site a | Specific activity of site B
(U/mg-trypsin) (U/mg-trypsin)
Covalent bondin
(reductive aminatioi) 022 033
Affinity binding
(streptavidin-biotin 127 0.28
system)
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Figure 4. Mass spectrum of (a) digested insulin by covalently immobilized
trypsin, (b) by immobilized trypsin by streptavidin-biotin system.
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Figure 5. Mass spectrum of digested BSA by (a) free trypsin, (b)
covalently immobilized trypsin, (c) immobilized trypsin by
streptavidin-biotin system.
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Table 3. Comparison of sequence coverage of free trypsin with
immobilized trypsin by two different immobilization methods on BSA

Number of peptides Sequence coverage
Coval'ent bo.ndl'ng 7 14%
(reductive amination)
Affinity binding 13 2%
(streptavidin-biotin system)
Free trypsin 14 24%

Table 4. Comparison of dissipation shift of immobilized trypsin by
covalent binding with streptavidin-biotin system

Jm (ng/em) | ID (-} “D/_m (ng'l cm)
Reductive amination 185 0.03x10° 0.16x10°
Streptavidin-biotin system 159 0.7x10° 5.53x10°
© of
R |
B ATIAE mpsing BY Bad2 shof vl Rl
7] fiatol 2

FRYPES A3 2L 3
3¢t} Streptavidin-biotin system< ©] 23 wA 3 WHe
bioactivity Aol FHAT WHEG $eRE 99
3t th. 8lA] 9 streptavidin-biotin system& o] 239 S w z
5 F&o] Y& AL s Ader & FHAojth. BExge] t)
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£ o] gde #FHFE 4 vt wEbA  streptavidin-biotin
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Figure 6. Real-time monitoring of trypsin immobilization using QCM-D
((a) Trypsin was covalently immobilized by reductive amination and (b)
was attached via streptavidin-biotin system on the modified sensor chip by
SAMs (amine-thiols)).
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