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The Bioconversion-Chemistry-Engineering Interface P
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conversion rates and substrate ranges [1]. In paral
conditions in particular in microwell [2] and microf luidic [3] formats.

This work describes the development and characterisation of a prototype
Immobilised Enzyme Microreactor (IEMR) on the inner surface of a 200 m ID
fused silica capillary for the quantification of enzyme kinetics in stopped and
continuous (Paraytec ActiPix®) flow mode.
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Immobilisation is achieved through affinity-based interaction between Hisg-tags
engineered on transketolase (TK) and transaminase (TAm) variants and Ni-NTA groups
on the derivatised capillary surface [4]. The Hisg-tag facilitates the one step capture of
target enzyme from both crude and purified enzyme solutions.
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Microreactor Preparation

1. Capillary Surface Derivatisation

The capillary surface was derivatised following a procedure first implemented
by Miyazaki et al [4] to create an AB-NTA reactive surface onto which the
enzyme could be immobilized. All immobilization procedures were carried out at
25TC. FE-SEM surface images shown below were taken with a JEOL-6390
scanning electron microscope.
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2. Reversible TK Immobilisation and Elution

The AB-NTA treated capillary was reacted with a 40 mM solution of NiSO,.
Purified transketolase produced in E.coli BL21(DE3) was immobilised by
reaction with the Ni-NTA activated surface for 2 hours. Elution was with a 50
mM EDTA. Such reversible immobilisation enables the reuse of capillaries.
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3. Direct Immobilisation of TAm from lysate

The microreactor has successfully
been used for the immobilisation of

MF 12
TAm from crude lysate. This enables
on chip cell lysis followed by capture -~
of Hisg-tagged enzyme variants. =

e .

Band 2 corresponding
to eluted Hisg-tag
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Direct capture improves enzyme stability and minimises potential activity losses

caused by extfrom lysate ensive purification.
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Kinetic parameter estimation of reaction data
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Kinetic Analysis
of Microreactor Performance

1. Stop Flow Kinetics: TK and TAm

Kinetic data for the two-step keto diol synthesis (below) were collected at
substrate concentrations of 10, 25, 50, 100 mM (HPA/GA) and 15, 10 and 5 mM
(S-MBA) and analysed using Lineweaver-Burke plots. Microreactor performance
was compared to a standard free enzyme reaction at microwell scale (300 pl).
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2. Continuous Flow Kinetics: TK

Continuous flow kinetics were carried out with on-line UV detection (ActiPix,
Paraytec, UK) of the TK reaction. This enables the dependence of reaction
kinetics on flow conditions to be investigated. Flow rates used were: 0.3, 0.7, 1, 2
wl/min. K ) for TK was shown to increase with increasing flow rate (Q).
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A — Erythrulose produced as a function of substrate concentration

B — Erythrulose produced as a function of flow rate

@100mm
msomu 3

az0un
ss0un
asoun
o 20um

A

.

Erytiruiose (mv]

N .
.

Erythrulose [mM]
.

S

& 80
Flowrate [ulh]

100
40 60 80

HPAIGA Concentration [mh]

* We have shown successful reversible immobilisation of transketolase and
transaminase (pure and in lysate form) inside a reusable IEMR.

« Stop-flow kinetic analysis showed the reactor to be performing similarly to bulk
solution reactions. Continuous flow kinetics with on-line monitoring enables increased
experimental throughput.

« The microreactor concept shows potential for evaluation of evolved enzyme libraries
when combined within a microfluidic chip device.
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