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INTRODUCTION  

Nitriles are widespread in the environment - not only as the natural products of 

plants but also as the secondary metabolites of microorganisms or higher organisms. 

Synthetic nitriles and inorganic cyanides occur as pollutants from human activities (industrial 

wastes, herbicides, etc.). Both natural and man-made nitriles are poisonous to many 

organisms, the natural ones serving as a protection against enemies (e.g. herbivores). Their 

toxic activity is used in some herbicides.  

However, all of these compounds may exert negative effects on other beings living in 

the particular environment and create selection pressures, probably leading to the evolution 

of enzymes catalyzing the detoxification of nitriles, or, even better, utilizing them as the 

source of energy and nutrients. Nitrile-metabolizing enzymes are relatively rare in 

organisms, occurring in specific taxons of both prokaryots (nitrilase, nitrile hydratase) and 

eukaryots (nitrilases).  

In this work we examined several new microbial enzymes catalyzing the degradation 

of nitriles (see Fig. 1), with the aim of providing improved tools for organic synthesis, or for 

the detoxification of waste.  

 

Figure 1 Reaction scheme of enzymes connected to metabolism of nitrile 
compounds    R – H or alkyl  

As much more is known about nitrilases in bacteria than in higher organisms such as 

fungi, we have primarily chosen the latter group of organisms to broaden our knowledge of 
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these enzymes and to find new biocatalysts with potentially better catalytic properties among 

these less explored enzymes. In this study the focus was on the Fusarium solani O1 and IMI 

196840 (Vejvoda et al., 2008; Vejvoda et al. 2010), their potential to produce nitrilase activity 

and the structural and catalytic properties of these enzymes. The evaluation of a number of 

techniques, which may be appropriate for the immobilization of nitrilases as unstable enzymes, 

was also a part of this research. The following part of the work was concerned with revealing 

new properties of the alternative nitrile-hydrolyzing enzyme system composed of nitrile 

hydratase and amidase. This part of the work used a strain of Rhodococcus erythropolis A4. A 

new amidase expressed in this strain was described and its synthetic potential, namely in acyl-

transfer reactions, was exploited. Nitrilase and amidase were applied in cascade systems, in 

order to increase the purity of biotransformation product (acid) by side product (amide) 

removal. 

NITRILASES  

The problem of activity induction was solved by O.Kaplan (Kaplan et al., 2006) and                 

2-cyanopyridine was selected as a very useful inducer for all tested filamentous fungi, increasing 

the nitrilase production by up to three orders of magnitude.  

Additional conception for nitrilase activity increase was two-step cultivation, which 

proved to be beneficial for both of the Fusarium genus strains.  Another benefit of Fusarium 

strains are their enzyme stability in the lyophilized mycelium, no activity loss being observed 

after one year, when the mycelium was stored at -20 °C. 

Results of activity induction in both Fusarium strain are summarized in Table 1 

Table 1 Different methods of cultivation of F. solani strains for nitrilase production 

Fusarium solani O1 Fusarium solani IMI 196840 

  
Total activity 

(U.L-1) 
Increase   

Total activity 
(U.L-1) 

Increase 

original inducer          
(3-cyanopyridine) 

 3.2 
 

original inducer 
(benzonitrile) 

4  

 
2-cyanopyridine as inducer 

one-step 
cultivation 

437 137  

two-step 
cultivation 

3000 938 
two-step 

cultivation 
1565 391 

 



 

 

Purification and structural properties 

Most nitrilases, including all known fungal enzymes, are high molecular weight 

proteins (typically more than 400 kDa (O'Reilly and Turner, 2003)) and therefore the 

purification method of choice is gel filtration.  However, the large volume of cell-free 

extracts was limiting for this method. This led us to choose Phenyl Sepharose (low sub) 

chromatography as the first step, which led to concentration of the enzyme solution 

(followed by increasing the protein concentration by centrifugation through membrane 

filters). Gel filtration on Sephacryl S-200 was then applied as the second step. The final step - 

ion exchange chromatography using a strong anion exchanger Q Sepharose - yielded only 

two peaks, which were easily separated to give the nitrilase in high purity. This was 

confirmed by SDS-PAGE and by circular dichroism measurement (Vejvoda et al., 2008; 

Vejvoda et al. 2010). The purification of nitrilases is summarized in Table 2. 

Table 2 Summary of Fusarium nitrilases, purification 

Strain 
Purification Yield 

Specific activity toward 
benzonitrile 

(fold) (%) (U mg -1) 

F. solani O1 9.9 25.7 156 

F. solani IMI 196840 20.3 26.8 144 

 

Both enzymes were purified with similar yields of ¼ of the initial activity and similar 

specific activities toward benzonitrile (reference substrate) - i.e. approx. 150 U.mg-1protein. 

This specific activity is very high compared to bacterial nitrilases, but is not exceptional in 

fungal nitrilases. This suggests a significant potential for these enzymes in laboratory and 

industrial practice. 

The molecular mass of the subunit, determined by SDS-PAGE, was 40 kDa for both 

nitrilases. SDS-PAGE was carried out under reducing and non-reducing conditions, and no 

differences in the migration of bands were observed for either enzyme, suggesting that 

there were probably no disulfide bonds in the enzyme molecules. 

Far-UV CD spectra (CD) were used to determine and compare the type of secondary 

structures of the purified nitrilases. These measurements were done as part of a study-stay 

at the Loschmidt Laboratory (Masaryk University Brno) under the supervision of Prof. J. 



 

 

Damborský and Dr. R. Chaloupková. Data for both nitrilases from F. solani strains and for the 

recombinant nitrilase from A. niger K10 were obtained by this method and are displayed in 

Table 3. 

Table 3 Secondary structures in nitrilase molecule 

Organism α-Helix (%) β-Sheet (%) Turn (%) Others (%) Tm (°C) 

F. solani O1 30  20.8 16.4 32,8 47.8 

F. solani IMI 196840 30 21 16.4 32.6 49.3 

A. niger K10 - recombinant 26.4 23.5 17.4 32.7 45-50 

 

Catalytic properties 

As with their structure, both purified enzymes from F. solani species are also very 

similar in their catalytic properties, except for minor differences in substrate specificity . 

The highest activity for both enzymes was observed over the range 40 – 50 °C and in 

slightly alkaline media (pH 8) and purified enzymes exhibited a high specific activity towards 

benzonitrile - 156 and 144 U.mg-1 protein for enzymes  from F. solani O1 and IMI 196840, 

respectively. This activity is comparable with that in the strain F. oxysporum f.sp. melonis 

(Goldlust and Bohak, 1989).  

These enzymes can be classified as aromatic nitrilases according to their substrate 

specificity, but also accept aliphatic nitriles, although with significantly lower activity. 

Aromatic nitriles with a substituent at position 2 are generally poor substrates, probably due 

to steric hindrances. 4-Cyanopyridine and, of the substituted aromatics, 3-

chloroxybenzonitrile are among the best substrates for both enzymes. 

Immobilization 

To improve enzyme stability, e.g. for long-term reaction, immobilization is generally 

applied. Most immobilization methods reduce the effect of harmful factors (by forming a 

microenvironment around the enzyme molecule), fix the structure and attenuate 

denaturation of the protein backbone. Importantly, immobilization also prevents the leakage 

of enzyme from the reaction mixture. With nitrilases, we found that mild immobilization 

techniques (physical adsorption) led to only a small loss of activity, but a leakage of activity 



 

 

was observed, and harsh immobilization techniques (covalent binding) led to significant 

losses of enzyme activity. 

We also compared the suitability of the enzymes for use in a batch or continuous 

reactor. For immobilisation in a continuous reactor (stirred membrane reactor or column) 

permanent delivery of the substrate and removal of the product shifts the equilibrium 

towards the reaction products, and the leakage of activity (in case of column reactor) can be 

alleviated by the addition of a new portion of enzyme (Malandra et al., 2010). 

For removing the by-product of nitrile hydrolysis (amide) amidase was used (see 

Figure 2). Two options were tested: the immobilization of nitrilase and amidase on one 

column (co-immobilization) and immobilization on two separate columns connected 

together. Both methods led to a reduction in the amount of amide, but with 4-cyanopyridine 

the use of columns connected in tandem reduced the amount of amide more effectively (to 

less than 0.2 %) and led to the production of very pure isonicotinic acid. 

 

 

 

 

Figure 2 Two enzymes working in accord 

NITRILE HYDRATASE/AMIDASE ENZYME SYSTEM 

An alternative enzymatic tool for nitrile biotransformations is the prokaryotic system 

of nitrile hydratase/amidase. The possibility of controlling the production of amides vs. 

carboxylic acids by varying the reaction conditions or reaction time is also beneficial. The 



 

 

significant disadvantage of nitrile hydratase, on the other hand, is its much lower stability 

compared to nitrilase. 

The physico-chemical properties of amidase and nitrile hydratase seemed to be very 

similar. Therefore, it was very difficult to separate these two enzymes in Q or Butyl 

Sepharose columns, the main contribution of this method being the removal of ballast 

proteins. The separation of both only occurred in the Superdex column, which has superior 

resolution parameters compared to other gel filtration columns, but its disadvantage is the 

very low sample volume that can be applied (maximum 500 μl). 

The preferred substrates of the purified amidase are benzamide and nicotinamide. 

The purification of amidase was performed with a satisfactory yield of 16 %, but the increase 

in specific activity was less than 5-fold. This suggested that the enzyme was not purified to 

homogeneity, which was confirmed by SDS-PAGE.  

Acyl-transfer reaction  

 It has been reported that amidases are able to transfer acyls onto acyl acceptors 

other than water. Such acceptors can be amines but also hydroxylamine or hydrazine 

(Fournand et al., 1998). Reactions involving the latter two acceptors led to hydroxamates 

and hydrazides as valuable products. 

Hydroxamates are active as chelating agents and hence find applications as antibiotics 

(vorinostat), growth factors or tumor inhibitors. We tested the amidase for its acyl transferase 

activity. The amides were prepared in situ from nitriles using either the nitrile hydratase from 

the same organism, or heterologously expressed nitrile hydratases (the latter one in 

collaboration with University of Hohenheim, Institute of Food Science and Biotechnology, where 

these enzymes have been prepared). 

In the first step – nitrile to amide conversion – the nitrile hydratase activity of the crude 

enzyme preparation was exploited. However, the hydrolysis of the desired amide into the 

unwanted carboxylic acid had to be avoided. Therefore, a selective inhibitor of the amidase was 

needed. In attempting to solve this problem, we found that ammonia acted as selective inhibitor 

of the amidase activity. The reversibility of the inhibition is an advantage, since, after decreasing 

the ammonia concentration below the inhibiting level, the enzyme could be used to catalyze the 

acyl transfer reaction (amide to hydroxamate conversion).  
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Figure 3 Hydroxamate production using amidase inhibition by ammonium ions 

DEVELOPMENT OF SCREENING AND ASSAY METHODS  

Chromatography 

In most cases, HPLC was used to monitor the concentrations of nitriles and their 

reaction products and to calculate enzyme activity. 

Conventional chromatography columns filled with a particle stationary phase were 

replaced with monolithic columns during our work. The monolithic columns allowed us to 

decrease the run time of analyses and, in this way, to decrease the amount of organic 

solvent consumed despite the higher flow rates (usuallly a saving of 70 % of organic solvent 

compared to particle column analysis (Martínková et al., 2008)). At the same time, a 

satisfactory resolution was observed for all determined compounds. With benzonitrile (the 

reference substrate), the analysis time was shortened from 10 minutes (with particle-filled 

columns) to less than 2 minutes. 



 

 

A comparison of both methods is shown in Table 4, demonstrating retention times. 

Table 4 Comparison of retention times of selected analytes on particle and monolithic 
column 

Analytes 
Particle column Monolithic column Mobile phase 

RT (min) 
acetonitrile (%) 

 particle/monolithic 

3-Hydroxybenzonitrile 7.7 1.82 17 / 10 

3-Hydroxybenzoic acid 3.6 1.09 17 / 10 

4-Tolunitrile 11.3 2.44 30 / 20 

4-Toluic acid 5.2 1.48 30 / 20 

3-Chlorbenzonitrile 13.1 2.73 30 / 20 

3-Chlorbenzoic acid 6.7 2.56 30 / 20 

Benzonitrile 5.7 1.74 30 / 20 

Benzoic acid 3.3 1.18 30 / 20 

Benzamide 1.9 0.87 30 / 20 

Note:  Particle column - NovaPak RP-18(Waters), 150mm×3.9mm i.d., 4 μm;  

Monolothic column - Chromolith Flash RP-18 (Merck),25mm×4.6mm i.d. 

UV-Spectrometric Measurements 

UV methods have been rarely used for direct measurement of the substrates and 

products of nitrilase-catalyzed reactions so far. This was caused by some difficulties 

connected with this type of measurement. Namely, cyano, carboxamido or carboxy groups 

exhibited a low absorbance in the UV/VIS range, and in most cases only small differences 

between the substrate and product were observed. The reason for this is that the main 

contribution to absorbance originates from the carbon chain. It is obvious that only aromatic 

compounds or compounds with conjugated double bonds are suitable for UV 

measurements. 

In total, 16 substrates were tested using this method and, surprisingly, it was found 

that nearly all tested compounds were suitable for this method, although the difference 

between the maximum absorption of the substrate and product was less than 5 nm.  

A benefit of this method in comparison to the end-point method (e.g. HPLC) is that 

the reaction can be monitored continuously and, therefore, inhibition or activation effects 

can be monitored, and also kinetic parameters can be easily calculated. 



 

 

However, the possibility of the formation of other compounds such as amide may 

complicate the evaluation and makes this method only suitable for semi-quantitative 

measurements. Therefore, other methods must be used if a detailed analysis of the reaction 

mixture components is desired. On the other hand, the UV method is very fast and therefore 

useful for screening. 

CONCLUSION  

The trend in enzymology is from finding new enzymes in vivo to preparing enzymes in 

vitro by altering natural proteins or by the synthesis of completely new ones. However, 

without broad knowledge and a good understanding of natural enzymes, this new trend 

cannot be efficient. 

Nitrilases have been known about since the 1960s, but, as stated above, not all 

features of these enzymes are understood. In some cases we still have to say hic sunt leones. 

In this work, we tried to describe new enzymes and obtain information about their 

structure and function. 

Both described Fusarium strains are originally soil isolates with minor nitrilase activity 

levels (less than 4 U.L-1medium), but changing the inducer and cultivation procedure to a 

two-step cultivation led to an enhancement of their activity to thousands of units per litre of 

medium. Moreover, lyophilization of the mycelium obtained in this way stabilizes the 

enzyme for more than a year, which makes the enzyme accessibility very simple and 

straightforward. 

New nitrilases purified and characterized in this work seem to belong to enzymes 

preferentially accepting aromatic nitriles, and to be not too different in terms of reaction 

conditions from other, previously described nitrilases. They are not so coherent in their 

structure, because some bacterial nitrilases are less than 200 kDa in molecular weight 

(Thuku et al., 2009), but the fungal nitrilases purified by us seem to be more than 440 kDa. 

Electron microscopy is the tool of choice in revealing their quaternary structure. This 

technique enabled observation of the enzymes maturing by assembling into helical rods 

(Thuku et al., 2007) with a molecular weight exceeding the upper molecular weight limit of 

conventional columns. The size of these nitrilase species makes precise determination of the 

molecular weight of nitrilases difficult. The crystallography analysis of nitrilases will be very 



 

 

useful as the crystal structure has not been determined yet for any of these enzymes, and it 

is the aim of our group in future research (Kaplan et al., 2010).  

To determine the applicability of enzymes for the preparation of carboxylic acids, 

different immobilization techniques were tested in this work. The continuous stirred 

membrane reactor (CSMR) was found to be a useful technique, not only for the preparation 

of products but also for studying enzyme stability and behaviour in continuous mode. The 

disadvantage of this laboratory-scale CSMR used here is its low productivity (due to a low 

flow rate), but its advantage is a low consumption of enzyme. Nevertheless, all tested 

immobilization techniques improve enzyme stability and are suitable for the possible 

preparation of interesting enzymatic reaction products. 

Another enzymatic system belonging to the nitrilase superfamily is the amidase-

nitrile hydratase system from the bacterium Rhodococcus erythtropolis A4. A specific 

reversible inhibitor (ammonium ions) was found for the amidase, making the use of the 

crude extract more profitable and time-saving (alternative for enzyme purification). The 

application of an amidase in the preparation of hydroxamic acids makes this enzyme very 

promising, because of the high value of hydroxamic acids in pharmaceuticals and elsewhere. 

This work has broadened the portfolio of nitrile metabolism enzymes a little and new 

features of the enzymes were determined. At the same time, a new method of fast activity 

determination was elaborated. 

 


