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Abstract

In this paper we describe a colorimetric method for the screening of nitrilases. When a buffered solution of CoCl, is added to a nitrilase-catalyzed
hydrolysis reaction, the ammonia product forms a complex with the cobalt ion resulting in a color change from light pink to yellow, which can
readily be quantified using a spectrophotometer at 375 nm. This method has been demonstrated for both wild-type and evolved nitrilases.
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1. Introduction

The use of nitrilases to produce carboxylic acids has become
an increasingly attractive approach for the synthesis of pharma-
ceutical intermediates. This class of enzymes offers a regiose-
lective and/or enantioselective method for nitrile hydrolyses at
ambient pressure and temperature, which are important charac-
teristics for their development as industrial catalysts [1,2].

In order to develop efficient processes using nitrilases, it is
many times important to screen libraries of engineered proteins
that will reveal new enzyme variants exhibiting the desired reac-
tivity as well as selectivity. This can be very time consuming if
conventional analytical methods of screening such as HPLC,
LC-MS, CE and GC are employed. Hence, there is a need to
develop rapid screening methods in order to identify the ideal
nitrilase candidates that can be used to carry out a desired pro-
cess.

There are several methods currently available for nitrilase
screening [3—6] and among them one of the most popular is a flu-
orescent assay based on the reaction of ammonia with a buffered
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o-phthaldialdehyde-2-mercaptoethanol solution [3]. Although
the method is quite sensitive (¢ =1.7875 x 100 M~ tem™1), the
buffer is not stable and the process requires a 30 min develop-
ment time, which can be time-consuming in screening libraries
with millions of variants.

In this paper we describe a simple spectroscopic method for
the rapid screening of nitrilases. As shown in Scheme 1, during
a nitrilase reaction, one molecule of a nitrile (1) is converted to
one molecule of acid product (2) and one molecule of ammo-
nia. When a buffered solution of CoCl5 is added to the reaction
mixture, the resulting ammonia forms a complex with the cobalt
ion resulting in a color change from light pink to yellow. This
color change can easily be quantified using a spectrophotometer
at 375 nm.

Although in principle a variety of metal ions could be used
(including cobalt, nickel and copper to name a few), cobalt chlo-
ride was ideal due to a variety of reasons that will be described.
This method has been validated for the screening of several
nitrile substrates as well an evolved library of nitrilases.

The use of this method offers a few advantages over the nitri-
lase assays that have been described in the literature. First, it has
a shorter development time. The addition of aqueous ammonia
to a solution of a cobalt chloride will convert the hydrated cobalt
ion into an ammonia complex in no more time than it takes to
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Scheme 1. The nitrilase-catalyzed reaction and spectrophotometric assay.

mix the solutions together. Second, the issue of buffer stability,
which is a prominent factor in the fluorescent assay described
above, is not a concern with this method.

2. Materials and methods
2.1. Materials

All chemicals of the highest purity were purchased from
Aldrich (Milwaukee, WI), Fluka (Buschs, Switzerland) and
Sigma (St. Louis, MO). Nitrilase Nit102 was obtained from Bio-
catalytics (Pesadena, CA). The Arabidopsis thaliana nitrilase 1
(AtNitl) gene was cloned from a cDNA library. BugBuster and
Benzonase Nuclease were purchased from Novagen (Madison,
WI). A 10mM indicator solutions (NiCl,, CuCl, and CoCl,)
were prepared by dissolving the appropriate weight of metal
reagent in 10 mM of Tris buffer at pH 7.0. BES buffer (BES dis-
solved in water), nitrilase buffer (potassium phosphate buffer,
1 mM EDTA, 2mM DTT) and Tris buffer (Tris dissolved in
water) were all prepared at 10 mM and pH 7.

2.2. Protein expression and preparation

E. Coli cells harboring a plasmid expressing the A. thaliana
nitrilase 1 (AtNitl) gene were grown in LB medium with ampi-
cilin (100 pwg/ml) at 37 °C overnight, which was used (5-20%) to
inoculate an induction culture. Protein expression was induced
after 3h incubation at 37 °C by adding IPTG to a final con-
centration of 0.2 mM. The cells were then cultured at 30 °C for
16-18 h, harvested by centrifugation and then lysed by adding
BugBuster with Benzonase. The nitrilase reaction was set in a
I mL block with 150 L of 10 mM Tris buffer (pH 7), 20 L of
cell lysate and 10 pL of a substrate stock solution (100 mg/mL
in DMF) and left shaking for 2h at 650 rpm at room temper-
ature. After 2h, 50 pL. of the mixture was taken to a UV-vis
plate and 10 pL of the sample to a fluorescence plate. For the
UV-vis assay, 50 wL of CoCl, was added to the sample and for
the fluorescence method, 150 pL of the fluorescence buffer was
added. The resulting solution was mixed by shaking at 700 rpm.

2.3. Determination of nitrilase activity

Four milligrams of nitrilase Nit102 was added to a substrate
solution (20 mg in 1.0 mL of 10 mM Tris buffer at pH 7.0). After
2 h, 50 wL of the reaction solution was sampled in a 96 well plate
(BD4343), and quenched with 50 pwL of CoCly/Tris solution
(10mM Co in 10mM Tris buffer, pH 7). The resulting mix-

ture was allowed to develop for 5 min and then analyzed by a
spectrophotometer at 375 nm.

3. Results and discussion
3.1. Selection of metal ion and buffer system

Three metal cations were tested (CuCl,, CoCl, and NiCl,)
in three different buffers (BES, Tris, KPB). The use of buffers is
customary at neutral pH to carry out reactions and compatible
with the activity profile of the majority of nitrilases. It was not
possible to work with a non-buffered metal ion/water system
since the color indicator is pH dependent. Furthermore, a green
precipitate was observed at a pH above 8. The use of potassium
phosphate buffer (10—100 mM) was not pursued because it forms
precipitates with all three metal ions. In order to determine the
optimum metal ion/buffer system, we first set out to determine
which system has the highest sensitivity in detecting ammonia
by evaluating the difference of absorbance between the metal
ion/ammonia buffered complex and the metal ion indicator con-
trol (Fig. 1).

The difference in absorbance between the CoCly/ammonia
complex solution and the CoCl, solution in 10 mM Tris buffer
was clearly the highest (Fig. 1). The results also show that NiCl,
with either BES or Tris buffer exhibits a difference in absorbance
of about 0.2 units, which is not sufficient to be used as reli-
able colorimetric method. Although the CuCl, system showed
a maximum difference in absorbance of 2.4 and 1.5 in Tris and
BES, respectively, it was later determined to have a very high
background made it less ideal than the CoCl; indicator (data not
shown). Nevertheless, both CoCl; in BES and CuCl; in either
Tris or BES buffers could be used as colorimetric indicators for
the detection of ammonia.

3.2. Wavelength of detection

In order to choose the ideal detection wavelength (1),
UV-vis spectra of the CoCl, indicator and CoCl,/NH3 com-
plex were captured from 190 to 990 nm (Fig. 2A). A difference
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Fig. 1. Evaluation of the metal/buffer systems for their capacity to detect ammo-
nia. The graph illustrates the differences in absorbance between the absorbance
obtained for the metal/ammonia complex solution and the metal solution control
(without ammonia). A 10 mM NiCl,, CoCl, and CuCl; in 10 mM of BES or Tris
were tested at pH 7.
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Fig. 2. (A) Absorbance spectra of the 10 mM CoCl, in 10 mM Tris at pH 7 with
and without ammonia. (B) Difference in absorbance obtained by subtracting the
values of the two spectrums shown in (A).

in absorbance between the two spectra can be seen in Fig. 2B,
and from both graphs it was possible to determine the ideal
wavelength.

As can be seen from Fig. 2A, the largest difference in
absorbance occurs at 290 nm. However, any wavelength between
190 and 375 nm will result in a strong background (absorbance
greater than zero) for the non-complexed CoCl, (blue line,
Fig. 2A). Any wavelength between 375 and 490 nm will be suit-
able for the detection of ammonia due to a low background
(close to zero). A wavelength of 375nm was therefore cho-
sen to achieve the highest difference in absorbance (0.972
absorbance units) while still maintaining a low background
(0.084 absorbance units).

3.3. Calibration curve

A calibration curve ranging from 0 to 100mM ammonia
was determined (Fig. 3). The absorbance at 375 nm increased
linearly (R?>=1) with increasing concentration of ammonia
(0-100mM) with a calculated extinction coefficient being
9.86 x 10> M~! cm~!. The background inherent to the method
(caused by the indicator) is close to 0.1 absorbance units. There-
fore the method is not able to differentiate concentrations of
ammonia below 5 mM. The linear functional range of the assay
is thus between 5 and 100 mM.

3.4. Establishing and validating the screening method

To prove that this essay could be used for the screening of
nitrilases, we chose nitrilase from A. thaliana and hydrocinna-
monitrile as the substrate (Scheme 2). The reaction was allowed
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Fig. 3. Calibration curve of a 10 mM solution of CoCl, in 10 mM Tris at pH 7
in different ammonia concentrations. The absorbance was detected at 375 nm.
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Scheme 2. Reaction of Nit102 and hydrocinnamonitrile (1 mg/mL of the nitri-
lase, 20 mg/mL of substrate in 10 mM Tris buffer at pH 7.0). The reaction was
monitored by HPLC and allowed to proceed to 100% conversion.

to proceed to completion as confirmed by HPLC. Samples of
different volumes were taken corresponding to 0, 1.5, 3, 6, and
12 wmol of NH3, and quenched with the appropriate volume of
10 mM CoCl,/Tris indicator solution to reach a final volume of
100 pL. As can be seen from Fig. 4, although the absorbance
observed for each concentration of ammonia is slightly less than
that of the theoretical absorbance based on the calibration curve
(Fig. 3), the results clearly show a linear correlation of ammonia
generated from the reaction.

3.5. Application to directed evolution

Two AtNitl variants, P54C6 and P70F5, have been identified
with increased activity compared to the wild-type enzyme on
isobutylsuccinonitrile (IBSN) from previous screening. E. Coli
cells expressing wild-type, two mutants- and a negative con-
trol with no nitrilase were cultured and expressed. A 20 uL of
lysate from each expressed enzyme was used to carry out several
reactions with two substrates, hydrocinnamonitrile and isobutyl-
succinonitrile. After 2h, 50 pL of the mixture was quenched
with 50 L of CoCl; and analyzed via UV-vis while 10 uL
of the same sample was transferred to a fluorescence plate
and quenched with 150 L of fluorescence buffer (buffered
o-phthaldialdehyde-2-mercaptoehtanol solution). The endpoint
prior to measurement for the CoCl, and fluorescent samples
were taken after a 2 and 30 min incubation time, respectively.
The relative activity profiles of various strains obtained from
either the UV or fluorescent method of detection were very
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Fig. 4. The reaction contained 1 mg/mL of the nitrilase and 20 mg/mL of
hydrocinnamonitrile in 10 mM Tris buffer at pH 7.0. The control reaction con-
tained no enzymes. All three control reactions (1, indicator solution; 2, indicator
solution/substrate; 3, indicator solution/enzyme) showed similar data to the con-
trol reaction with absorbance values less than 0.2.
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Fig. 5. Results from the UV assay (light blue) and the fluorescence assay (dark
blue) for the screening of a wild type (Nit06), a mutant with no nitrilase insert
(negative control), two mutants with higher activity, a positive control (Nit102)
and another negative control (no cells).

comparable in being able to differentiate nitrilase activity under
these conditions (Fig. 5). These charts further revealed that both
evolved strains, P54C6 and P7F5, showed an increase in activity
towards both substrates as compared to the wild-type enzyme.

It is important to note, however, that the signal to noise ratio
resulting from cells not expressing the enzyme in the fluores-
cent assay described by Banerjee et al. is smaller than that of the
UV assay described in this paper.

In summary, a new method for nitrilase screening has been
developed to detect nitrilase activity. Furthermore, prelimi-
nary data in our lab has shown that the activity of nitrilases
is not affected when a nitrilase-catalyzed reaction was car-
ried out in the cobalt chloride indicator solution. As such,
this assay has the potential to be used for the continuous
monitoring of the production of ammonia over time in a
nitrilases-catalyzed reaction. Once fully validated, this added
feature can offer a significant enhancement in the analytical
toolboxes for the real-time monitoring of nitrilase-catalyzed
reactions.
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