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a b s t r a c t

Nitrile hydratase (NHase), which catalyzes the hydration of nitriles to amides, is the key enzyme for the
production of amides in industries. However, the poor stability of this enzyme under the reaction condi-
tions is a drawback of its industrial application. In this study, we aimed to improve the stability of NHase
(PpNHase) from Pseudomonas putida NRRL-18668 using a homologous protein fragment swapping strat-
egy. One thermophilic NHase fragment from Comamonas testosteroni 5-MGAM-4D and two fragments
from Pseudonocardia thermophila JCM3095 were selected to swap the corresponding fragments of
PpNHase. Seven chimeric NHases were designed using STAR (site targeted amino recombination) soft-
ware and molecular dynamics to determine the crossover sites for fragment recombination. All con-
structed chimeric NHases showed 1.4- to 3.5-fold enhancement in thermostability and six of them
become more tolerant to high-concentration product. Notably, one of these NHases, 3AB, exhibited a
1.4 ± 0.05-fold increase in activity compared to the wild-type PpNHase. Circular dichroism spectrum
analysis and homology modeling revealed that the 3AB slightly differed in secondary structure from
wild-type PpNHase. The 3AB constructed in this study is useful for further industrial application, and
the method for designing the chimeric protein using homologous protein fragment swapping without
a decrease in activity may be a strategy to improve the stability of other enzymes.

� 2014 Elsevier Inc. All rights reserved.

1. Introduction

Hydration of nitriles to their corresponding amides is an impor-
tant reaction that not only occurs in nature but also in organic syn-
thesis. There are two approaches for the hydration of nitriles:
enzymatic hydration and chemical hydration by a catalyst, such
as copper [1]. Nitrile hydratase (NHase, EC 4.2.1.84), which cata-
lyzes the hydration of nitriles to corresponding amides is one of
the key enzymes of nitrile metabolism in a large number of micro-
organisms [1,2]. The enzyme, which consists of a- and b-subunits,
contains either non-heme iron [3] or non-corrinoid cobalt in the
active site [4]. NHase has also been successfully adopted in the
chemical industry for the production of acrylamide, nicotinamide
and 5-cyanovaleramide [1].

One of the drawbacks in the application of NHase is their poor
thermostability and stability under high-concentration product.

In the bioconversion process, the additional refrigeration to main-
tain the activity adds the costs of energy and the high accumula-
tion of the product makes the enzyme inactive irreversibly [5].
Although an improvement in the stability of NHase is needed for
its industrial application, successful cases of protein engineering
of NHase are rarely reported until recently [6].

Many protein engineering strategies have been developed to
improve the stability of enzymes and some certain enzymes have
been redesigned and extended to the large-scale production [7].
Among these strategies, engineering using homologous recombi-
nation could harness structural and evolutionary information to
design highly mutated, yet still natively folded, chimeric proteins
and protein libraries [8]. Many proteins have been successfully
modified using random or rational recombination methods
[9,10]. For the recombinant method, it is crucial to select the corre-
sponding recombination fragments and optimal recombination
sites. In contrast to random recombination, site-directed recombi-
nation via the identification of specific sites in parental sequences
in which their parts can be interchanged, enhances the successful
rates of functional protein generation [11]. Several tools are avail-
able to identify optimal recombination sites [11,12]. Using these
tools and swapping protein segments, such as domains, fragments
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and termini, all of which stem from proteins with better qualities,
could be utilized to relieve or eliminate the drawbacks of wild-type
proteins.

In this study, NHase (PpNHase) from Pseudomonas putida NRRL-
18668 was modified to improve thermostability using homologous
recombination. One thermophilic fragment from Comamonas test-
osteroni 5-MGAM-4D NHase (CtNHase) and two fragments from

Pseudonocardia thermophila JCM3095 NHase (PtNHase) were
selected to swap the corresponding fragments of PpNHase, result-
ing in seven chimeric NHases. Although PpNHase possess relatively
poor stability CtNHase and PtNHase, it is notably that this enzyme
has the higher activity, broad substrate specificity, demonstrated
stereoselective, and regioselective capabilities [13,14]. The seven
chimeric NHases exhibited higher thermostability than that of

Fig. 1. STAR score profile, RMSF values for PpNHase, CtNHase and PtNHase and schematic of chimeric NHases construction. (A) STAR score curves for NHases. The troughs
with lower scores indicate the most potential recombination crossover sites without disturbing the structural stability. (B) RMSF obtained from 5-ns trajectories of PpNHase,
CtNHase and PtNHase. (C) Structural organization of chimeric NHases. The numbers indicate the parent NHases from which the fragments were selected. (1) CtNHase; (2)
PtNHase; (3) both CtNHase and PtNHase. Wild-type PpNHase is colored in orange. The fragments colored in red are from PtNHase, and the one colored in green is from
CtNHase. Detailed organization of chimeric NHases are shown in Table 1. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)
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