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Abstract: Mutant of Rhodococcus rhodochrous PA-34, named as ‘mutant 4D’ has been
reported for the hyperconversion of 3-cyanopyridine to nicotinamide. This mutant 4D
generated through chemical mutagenesis has much more hydration potential than its wild
strain. The reaction conditions for prolonged reaction and process parameters for the
conversion of 3-cyanopyridine to nicotinamide were optimized. Under the optimized reaction
conditions the mutant 4D is stable at higher temperature (55 <C), high ionic strength (0.3 M)
and at acidic pH conditions (5.5) and exhibited 8.0, 7.9 and 7.0 U/mg dcw NHase activity,
respectively. In a batch reaction of (One litre), 7M 3-cyanopyridine was completely
converted to nicotinamide in 3h at 55 <C using 7g resting cells (dry cell mass) of mutant 4D
of R. rhodochrous PA-34.
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Introduction

Nitrile hydratases (EC 4.2.1.84) are unusual metalloenzyme that catalyze the hydration of
nitriles to their corresponding amides. They are used as biocatalysts in nicotinamide
production, one of the few commercial scale bioprocesses, as well as in environmental
remediation for the removal of nitriles from waste streams. Nicotinamide (niacin) is vitamin
B3 and is also known as the pellagra-preventing (P-P) factor as its deficiency in human beings
causes pellagra. Nicotinamide is also used for animal feed supplementation. The world
nicotinamide production is 22 000 tons per annum [13]. The chemical synthesis of this
vitamin is well defined but it gives a large number of byproducts, which are harmful to our
ecosystem [3], whereas the enzymatic synthesis of nicotinamide is ecofriendly and byproduct
free [6]. There are a large number of nitrile hydratase producing organisms, which are able to
produce nicotinamide by hydration of 3-cyanopyridine [6, 14]. Among these organisms
R. rhodochrous PA-34 [8, 9] and R. rhodochrous J1 [6] exhibited high NHase activity for the
transformation of 3-cyanopyridine to nicotinamide.

Keeping the biotransformation capabilities of R. rhodochrous PA-34 [9] in mind we
generated a mutant strain i.e. mutant 4D, having hyper NHase activity by using chemical
mutagen. This mutant strain (mutant 4D) of R. rhodochrous PA-34 produces hyper active
nitrile hydratase having two time high NHase activity than its wild strain [10]. The nitrile
hydratase of mutant strain is thermostable. It gives NHase activity at 55°C. The NHase of this
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strain is also stable at low buffer pH and high potassium ion concentration (0.3 M) [10]. The
productivity of mutant resting cells is much higher than the wild strain. Hence this mutant can
act as an efficient biocatalyst for the biotransformation of 3-cyanopyridine to nicotinamide at
industrial scale. In this communication we report the optimization of parameter for the
conversion of 3-cyanopyridine to nicotinamide at one litre scale.

Materials and methods

Chemical materials

3-cyanopyridine and nicotinamide used in this study were purchased from Sigma-Aldrich,
while other media components and chemicals of analytical grade were purchased form
Hi-media and Merck India Ltd.

Preparation of mutant 4D resting cells

Mutant 4D was cultured in A5 medium as described in Pratush et al. [10]. These resting cells
having NHase activity were used as biocatalyst for the biotransformation of 3-cyanopyridine
to nicotinamide.

Nitrile hydratase assay

The nitrile hydratase activity of resting cells of mutant 4D was assayed at 55°C for 30 min by
following the procedure reported earlier [5, 8]. The conversion of 3-cyanopyridine to
nicotinamide in the reaction was determined by HPLC [11]. One unit of nitrile hydratase
activity is defined as the amount of enzyme which catalyzes the formation of 1 pmol
nicotinamide min™ from 3-cyanopyridine under the assay conditions.

Optimization of reaction conditions for assay of nitrile hydratase activity in
resting cells of mutant 4D

The various reaction parameters such as buffer system (potassium phosphate, sodium
phosphate and Tris buffer pH 7.0), buffer pH (4-8), temperature (5-80°C), and substrate
concentration (0.05-0.25 M) were studied for NHase activity by using 0.50 mg (dcw) resting
cells of mutant 4D. The Lineweaver Burk plot was plotted by varying the substrate
(3-cyanopyridine) concentration (0.05-0.25 M) to determine Ky, and Vmax value of mutant
cells.

Optimization of process parameters for the production of nicotinamide

from 3-cyanopyridine by the mutant 4D cells

Temperature for prolonged reaction at higher concentration of substrate (3-cyanopyridine)
Under optimized reaction conditions the nitrile hydratase assay of mutant resting cells were
carried out at different temperatures 50, 55, 60 and 65°C separately for 12 h in 25 ml reaction
mixture containing high substrate concentration i.e. 3 M and 3 mg dcw/ml resting cells in
reaction mixture.

Effect of substrate (3-cyanopyridine) concentration and resting cell concentration on the
nicotinamide production

The reaction was performed at 55°C in 25 ml reaction mixture to determine complete
conversion of 4-8 M 3-cyanopyridine to nicotinamide using 4-8 mg dcw/ml of resting cells in
the reaction mixture Table 1.
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Table 1. Optimization of substrate (3-cyanopyridine) and resting cells concentration
of mutant of R. rhodochrous PA-34 for nicotinamide synthesis at 55°C

Substrate Mutant resting Time a_nq % age Co'nvers_ion of
3-CP" (M) cells 3-cyanopyridine of nicotinamide at 55°C
(mg/ml dcw) Time (h) % Conversion rate
4 4 3 100
5 5 3 100
6 6 3 100
7 7 3 100
8 8 3 75
6 94
9 87
9 9 No reaction carried out as the reaction
10 10 mixture become viscous due to large
amount of substrate 3-cyanopyridine

“3-cyanopyridine

Production of nicotinamide by mutant 4D resting cells at one litre scale

On the basis of the results of previous experiments performed for the optimization of process
parameters, the conversion of 3-cyanopyridine to nicotinamide was scaled up to one litre.
This one litre biotransformation reaction was carried out in a BioFlow C-32 fermenter
(New Brunswick scientific, USA). The substrate conversion status was analyzed by HPLC at
the interval of 3 h each. After the completion of biotransformation reaction nicotinamide was
recovered by the procedure of Nagasawa et al. [6].

HPLC analysis of product

The product formed as a result of one litre reaction was analyzed by HPLC (Perkin Elmer
Series 200 LC pump and Applied Biosystems 785A programmable absorbance detector)
using a C18 reverse phase chromatography column (Intersil ODS, 4.6x250 mm, Macherey
Nagel, Germany). The flow rate of following solvent system: acetonitrile: 0.01 M potassium
phosphate, orthophosphoric buffer (pH 2.8) in 1:4 (v/v) ratio was 1 ml/min at 25°C.
Absorbance was measured at 230 nm for nicotinamide (product).

Result and discussion
Optimization of reaction condition for assay of nitrile hydratase activity of

resting cells of mutant 4D strain

Buffer system, buffer pH and ionic strength of buffer

Among three buffer systems tested for NHase activity. The resting cells of mutant 4D strain
exhibited maximum NHase activity (6.5 U/mg dcw) in potassium phosphate buffer (0.1 M,
pH 7.0) and followed by 3.9 U/mg dcw and 2.9 U/mg dcw in sodium phosphate and Tris
buffer of similar ionic strength and pH, respectively. Therefore potassium phosphate buffer
was selected for further experiments. Most of the earlier reported NHase including the wild
strain i.e. R. rhodochrous PA-34 had exhibited maximum activity in this buffer [8, 12]. The
mutant resting cells exhibited maximum NHase activity (7.4 U/mg dcw) in the above
optimized buffer at a pH range of 5.5 (Fig. 1a). However most of NHase producing organisms
exhibited their maximum NHase activity at optimum pH around 7.0 [1]. The mutant resting
cells showed 17.6% decrease at pH 7.0 in comparison to activity recorded at the optimum
pH 5.5. This concluded that the mutant NHase was stable in acidic conditions (pH 5.5).
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Fig. 1 Effect of different reaction conditions on the activity of nitrile hydratase
of the mutant 4D. (a) buffer pH; (b) ionic strength; (c) reaction temperature; (d) substrate
concentration; (e) reaction temperature optimization for selection of substrate concentration;
() substrate hydration with time; (g) HPLC chromatogram of product i.e. nicotinamide.

The ionic strength of buffer also showed its impact on the NHase activity of mutant resting
cells. The mutant 4D resting cells exhibited maximum NHase activity (7.9 U/mg dcw) in
0.3 M potassium phosphate buffer and with the rise (0.35 M) and decrease (0.25 M) in ionic
strength, 64% and 71% decrease in NHase activity was recorded with comparison to the
NHase activity at 0.3 M (Fig. 1b).Whereas the earlier reported NHase were stable at low
concentration (0.1 M) of same buffer [4, 7, 8]. These all results confirmed that the mutant
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cells were much more stable at low buffer pH (pH 5.5) and high concentration (0.3 M)
potassium ions.

Temperature

The nitrile hydratase of mutant resting cells was stable at higher temperature. These cells
exhibited maximum NHase activity (8.0 U/mg dcw) at 55°C. The every 5°C rise or fall from
this optimum temperature i.e. 60°C and 50°C resulted in the 76.9 and 92.3% decrease in
NHase activity when compared to the NHase activity at 55°C, respectively (Fig. 1c). At
higher temperature i.e. 70 and 75°C resting cells retains only 42.3 and 21.8% of NHase
activity. The NHase of wild strain R. rhodochrous PA-34 and other reported strains showed
their best results at temperature 20-40°C [2, 8, 11].

Substrate (3-cyanopyridine concentration)

The NHase activity of mutant 4D strain of R. rhodochrous PA-34 was assayed at 55°C using
various concentration of 3-cyanopyridine (0.05-0.25 M). The NHase activity increased from
8.4 to 32 U/mg dcw when substrate (3-cyanopyridine) concentration varied from 0.05-0.25 M,
respectively. Mutant resting cells exhibited maximum NHase activity (32 U/mg dcw) at
concentration of 0.19 M. As the substrate concentration increased or decreased up to 0.2 M
from optimum concentration (0.19 M) there was a decrease of 9% and 4.3% in NHase activity
was observed, when compared to the optimum NHase activity (32 U/mg dcw) (Fig. 1d).
The K (0.350 M) and Vmax (63.5 pmol/m/min) value of whole cells of mutant 4D strain was
calculated from Lineweaver-Burk plot.

Optimization of process parameters for synthesis of nicotinamide

at one litre scale

Temperature selection for prolonged reaction at high substrate concentration

In this experiment the suitable temperature for the maximum production of nicotinamide was
selected. The prolonged reaction (12 h) was carried out for the conversion of 3 M substrate
(3-cyanopyridine) to nicotinamide by using resting cells (3 mg dcw/ml) of mutant 4D.
80-90% of 3 M, 3-cyanopyridine was converted in to nicotinamide at 55°C in 3 h, however at
lower temperature (50°C) or higher (60°C) only 60% conversion achieved. Therefore 55°C is
selected for prolonged reaction (Fig. 1e).

Substrate (3-cyanopyridine) and resting cell concentration for prolonged reaction

The concentration of 4-8 M substrate (3-cyanopyridne) using 4-8 mg dcw/ml resting cells at
55°C was carried (Table 1). The reaction was performed till 9 h and conversion rate was
determined after each 3 h at this optimum temperature (55°C), the 4, 5, 6 and 7 M substrate
(3-cyanopyridne) was completely converted to nicotinamide in 3 h. However, only 75, 94 and
87% of 8 M substrate was converted into product in 3, 6 and 9 h, respectively. The reaction
having 9 and 10 M substrate was not carried as the reaction mixture become viscous because
large amount of substrate (Table 1). The wild strain showed 100 and 85 % conversion of 7 M
substrate (3-cyanopyridne) into nicotinamide by using 9 mg dcw/ml of resting cells at 25 and
30°C, respectively [8].

Production of nicotinamide at one litre scale

In one litre batch reaction 100% of the 7 M substrate (3-cyanopyridne) has been converted
into nicotinamide by using 7mg dcw/ml resting cells of mutant strain in 3 h at 55°C (Table 1).
This one litre reaction produce 7 M product (nicotinamide) from 7 M substrate i.e. 855 ¢
nicotinamide and productivity of 40.7 g nicotinamide/g resting cells (dcw)/h. The wild strain
(R. rhodochrous PA-34) had 100% conversion producing 855 g nicotinamide with a
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productivity of 7.92 g nicotinamide/g resting cells (dcw)/h [8]. The above conversion results
showed that the resting cells of mutant strain were much more efficient than the wild strain.
The mutant resting cells hydrolyse about 94% of substrate into product in 6 h (8 mg dcw/ml
for 8 M substrate) (Fig. 1f) whereas the wild strain showed the 100% conversion in 12 h by
using more amount of resting cells (9 mg dcw/ml for 7 M substrate). The results pertaining to
productivity of NHase resting cells of mutant 4D revealed that mutant 4D was much more
efficient than the wild strain. The productivity of mutant cells was higher as compared to
mutant strain; it was about 40.7 g and 7.92 g nicotinamide/g resting cells (dcw)/h,
respectively [9]. Therefore, the mutant 4D has shown very good potential for the production
of nicotinamide from 3-cyanopyridine. The comparison of catalytic productivity of various
NHase reveals that NHase of mutant 4D is quite efficient in conversion of 3-cyanopyridine to
nicotinamide.

The product recovery was carried out following the procedure of Nagasawa [5]. About 87%
of the product was recovered from reaction mixture. The product purity was analyzed by
HPLC (Fig. 19).

Conclusion

It is concluded that the mutant 4D has much more hydration potential than its wild strain. The
mutant 4D is stable at high temperature (55°C), high ionic strength (0.3 M) of buffer and at
acidic pH (pH 5.5). The mutant 4D is able to biotransform higher concentration (7 M) of
substrate (3-cyanopyridine) than its wild strain (7 M) in less time period i.e. 3 h. So the
mutant strain can be the better option for the production of nicotinamide at industrial scale.
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