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SOUHRN

Byla provedena purifikace nitrilhydratasy z bakterialniho kmene Rhodococcus equi
A4, které predchazela optimalizace kultivacnich, desintegra¢nich a chromatografickych
metod. Purifikaci se specifickd aktivita enzymu zvysila téméf 9x a vytézek celkové aktivity
byl 12%. Byla zjisténa optimalni reakéni teplota (32 - 35 °C) a pH (7,5) nitrilhydratasy.
Nitrilhydratasa byla upIné inhibovana Ag" ionty, H,O,, dithiothreitolem a fenylhydrazinem.

Nitrilhydratasa byla uspé$né testovana jako biokatalyzator pfi transformaci Sirokého
spektra aromatickych, heterocyklickych a arylalifatickych nitrili na pfislusné amidy.
Souhrnem Ize konstatovat, ze nepatrné¢ vhodnéjSimi substraty jsou alifatické nitrily oproti
aromatickym, ale u vSech typii substratii zavisela aktivita enzymu vyrazné na typu a poloze
substituentu (napt. meta- lepsi nez ortho-derivaty benzonitrilu nebo tolunitrilu; methoxyl-
lepsi nez chloro-substituent u derivat 2-fenylpropionitrilu).

Byla zjisténa schopnost purifikované nitrilhydratasy hydratovat 2-arylpropionitrily s S-
enantioselektivitou. Hodnota enantiomerniho poméru v pfipadé¢ enzymu (E = 19) se vSak
oproti o¢ekavani nezvysila v porovnani s diive naméfenou hodnotou pii konverzi pomoci
celych bunék (E = 81).

Byl vyhodnocen vliv dvoufazového reakéniho media (pufi/hydrofobni solvent
nasyceny pufrem nebo pufr/hydrofilni solvent) na funk¢nost nitrilhydratasy. Konverze 2-
fenylpropionitrilu probihala v 5 - 98% (obj.) rozpoustédel nemisitelnych s vodou a zvySovala
se s rostouci hydrofobicitou solventu. V pfitomnosti rozpoustédel misitelnych s vodou byla
tato aktivita srovnatelnd s vodou az do 20% obj. ethanolu nebo methanolu, ale ostatni
rozpoustédla snizovala aktivitu uz pfi 5% obj. Byl rovnéz zaznamenam vliv piidavku 5%
(obj.) raznych uhlovodiki nebo methanolu na enantioselektivitu konverze 2-(6-
methoxynaftyl)propionitrilu, enantiomerni pomér byl zvysen z E = 14 na E > 30.

Enzymovy preparat byl imobilizovan n¢kolika zptsoby (zachycenim v hydrogelech,
piip. s glutaraldehydem, solubilizaci, imobilizaci na nosi¢i) a lyofilizovan v nebo bez
pfitomnosti lyoprotektantu. Nejucinnéjsi se jevila imobilizace na DEAE-celulose (az 100%
aktivity volného enzymu) a lyofilizace s pfidavkem sacharosy (az 100% aktivity volného
enzymu).

Byla ur¢ena molekularni hmotnost nativniho enzymu (= 74 kDa) a dvou typa jeho
podjednotek mirn¢ se ve velikosti liSicich (a- a [; obé piiblizn¢ 25 kDa). Rozpor mezi
velikosti holoenzymu a predpoklddanou kvartérni strukturou je vysvétlovan rovnovahou mezi
dimerem a tetramerem v roztoku enzymu.

Bylo stanoveno 26 aminokyselin z N-koncovych aminokyselinovych sekvenci a- i -
podjednotky a srovnana mira jejich homologie se sekvencemi znamych nitrilhydratas.
Nejvyssi homologie pfislusnych sekvenci podjednotek byla shleddna mezi nitrilhydratasou
z Rhodococcus equi A4 a z Rhodococcus sp. N-774.
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SUMMARY

The nitrile hydratase from Rhodococcus equi A4 was purified after the optimization of
cultivation, desintegration and enzyme purification methods. The specific activity of the
nitrile hydratase increased nearly ninefold by purification at 12% yield. The temperature
optimum of the enzyme was 32 - 35 °C, the enzyme showed maximal activity at pH 7,5. The
nitrile hydratase was comletely inhibited by Ag’, H,O,, dithiothreitol and phenylhydrazine.

The nitrile hydratase hydrated a broad range of aromatic, heterocyclic and
arylaliphatic nitriles into the corresponding amides. Generally, aliphatic nitriles were slightly
better substrates than the aromatic ones, but - in each case - the activity of the enzyme
depends on the type and the position of substituents ( e.g., meta-derivatives of benzonitriles or
tolunitriles were better substrates compared to ortho-ones; methoxyl-substituted 2-
phenylpropionitrile was better substrates compared to chloro-substituted ones).

The purified nitrile hydratase transformed preferentially the S-enantiomers of 2-
arylpropinitriles. Despite the expectation, the value of E for the enzyme (E = 19) did not
increased compared to the value of E for the conversion by whole cells (E = 81).

The nitrile hydratase is functional in biphasic reaction mixtures composed of buffer
and the hydrophobic solvent saturated of buffer or the hydrophilic solvent. The enzyme
activity for 2-phenylpropionitrile was found in the presence of 5 - 98% (v/v) of water-
immiscible cosolvents and it increased with increasing solvent hydrophobicity. As concerns
hydrophilic solvents, the nitrile hydratase activity was comparable to that in water up to 20%
(v/v) of ethanol and methanol, but other solvents suppressed the activity even at a low
concentration (5% v/v). The addition of 5% (v/v) of different hydrocarbons or methanol
increased the enantioselectivity for the conversion of 2-(6-methoxynaphtyl)propionitrile from
moderate to good (E = 14 to E > 30).

The purified nitrile hydratase was immobilized by several methods (by entrapment
into hydrogels with or without glutaraldehyde, by solubilization, by immobilization on
carriers) and it was lyophilizates with or without lyoprotectants. The immobilization on
DEAE-cellulose appears to be the most effective method (activity up to 100% of that of the
free enzyme) and a comparably powerful biocatalyst was also obtained by the lyophilization
with sucrose.

The apparent molecular mass of the native nitrile hydratase was estimated to be
approximately 74 kDa, the molecular weight of both subunits (a- and - ) was approximately
25 kDa. The discrepancy between the apparent molecular weight of the holoenzyme and its
presumed quaternary structure was explained by the equilibrium between the dimer and the
tetramer in the enzyme solution.

26 amino acids residues in the NH,-terminal amino acids sequences of each a- and [-
subunits were identified and the extent of their homology was compared among 4 nitrile
hydratases. The highest similarity was found between the nitrile hydratase from Rhodococcus
equi A4 and from Rhodococcus sp. N-774.







