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Chapter 1

General Introduction



Introduction

Man’s need for chemicals is fulfilled in various ways. While some chemicals are
present in nature in a free state or in a derivatized form the remaining are synthesized
either by a chemical or biochemical route. Chemical synthesis accounts for a large
number of commercially important products such as plastics, drugs and drug
intermediates, pesticides and bulk organic chemicals. Plants, animals and

microorganisms synthesize many chemicals using enzymes, which are nature’s catalysts.

Synthesis of chemicals using cells/enzymes is termed biosynthesis. Depending
upon the method of biosynthesis such reactions are referred to as biotransformations,
bioconversions or fermentations. Many chemicals can be prepared by either chemical or
biochemical routes. Economy of manufacture dictates the choice of route that is
preferred. Bioconversions or biotransformations generally occur under mild conditions
and are safe to handle. Enzymes carry out specific reactions therefore minimizing the risk
of side product formation; hence purity of product is generally assured. The biosynthetic
route is used to obtain many chemicals viz.. organic and amino acids, alcohols, ketones,
antibiotics, proteins and lipids etc [Gutcho (1973), Atkinson and Mavituna (1991)].
Some are listed in table 1. Besides this many types of compounds are formed by

biosynthesis.

Stereoselective  hydroxylation, ketoreduction reduction, isomerization,
biotransformation of steroids, alkaloids and terpenoids are some examples of reactions
carried out by enzymes. Synthesis of chemicals, where one or more of the steps
employed use enzymes are referred to as chemo-enzymatic processes. The enzymatic step
is performed either by using cells or enzyme directly. Often immobilized cells or enzyme
are used for this purpose. Use of a biochemical route for preparation of chemicals is

increasingly used to minimize the hazards and risks involved in chemical synthesis.



Table 1: Fermentation products

Product Category Individual examples

Acids acetic acid, propionic, lactic, itaconic, tartaric, fumaric,
malic, maleic, gluconic, succinic, gallic acid etc.

Alcohols ethanol, propanol, butanol etc.

Amino acids glycine, alanine, arginine, aspartic acid, cysteine, glutamic
acid, histidine, leucine, lysine, methionine etc.

Carbohydrates ribose, fructose etc.

Enzymes glucoamylase, alpha-amylase, protease, lipase, fumarase,

glucose isomerase, cellulase, hydantoinase etc.

Hydroxy glycerol, arabitol, mannitol, xylitol, 2-3 butanediol etc.
compounds

Ketones acetone, dihydroxyacetone, alkanone etc.
Polysaccharides xanthan, gellan, alginate

Others lipids, carotenoids, vitamins, antibiotics etc.

Alpha-amino acids are an important building block of biological tissue. Most a-amino
acids have an asymmetrical carbon atom because of which they show optical rotation. In
nature they occur in the free form mostly as the L-isomer, however natural D-forms of
amino acids are also known to occur in the combined state.
L-Amino acids

Though proteins contain as many as 25 different amino acids [Fruton and
Simmond (1961)], only 20 naturally occurring amino acids are known to exist (Rozzell
and Wagner 1992). Except for glycine all naturally occurring amino acids are optically
active with L-configuration. The L-amino acids are listed in table 2 [after Aida et al.
(1986) and Atkinson and Mavituna (1991)] are produced either by a bioconversion or
biotransformation route. Monosodium glutamate, a flavour/taste enhancer was prepared

first on a large scale. L-cysteine was synthesized as a cattle feed ingredient. L-



methionine, L-phenylalanine, L-tryptophan, L-tyrosine, L-glutamate and L-lysine were

synthesized by both chemical and biochemical methods.

Table 2
Amino acids prepared by Fermentation or Biotransformation

alpha amino uses references

acids

L-alanine Human food supplement Chibata et al.(1986a)

L-arginine animal feed supplement Yoshida (1986)

L-aspartic acid in preparation of synthetic sweetener, Chibata et al.(1986b)

aspartame

L-glutamic Taste enhancer Kikuchi &  Nakao

acid (1986)

L-histidine Human food supplement Akai (1986)

L-leucine animal feed supplement Komatsubara & Kisumi
(1986)

L-lysine animal feed supplement Tosaka & Takinami
(1986)

L-methionine  in preparation of plant hormone Tanaka & Soda (1986)

L-phenyl- in preparation of peptide sweetener Shio (1986)

alanine

L-tryptophan ~ Human food supplement Shio (1986)

L-valine animal feed supplement Komatsubara & Kisumi
(1986)

Some natural L-amino acids are also formed by a semi-synthetic route e.g.
Hydantoin based substrates are synthesized chemically and then subjected to hydrolysis,
using a specific hydantoinase enzyme to obtain N-carbamoyl-derivatives. The N-
carbamoyl derivative produced can either be chemically transformed to L-amino acids, or

in some using the enzyme carbamoylase to form L-amino acids. Ishii and Takinami



(1978) prepared L-tryptophan from D,L-tryptophanhydantoin. Synthesis of L-
phenylalanine from D,L-5-benzylhydantoin was reported by Ishii et al.(1978). Miyoshi et
al. (1985) synthesized L-phenylalanine, L-tryptophan and L-tyrosine from D,L-5-
benzylhydantoin, D,L-5-indolylmethlhydantoin and D,L-5-p-hydroxybenzylhydantoin
respectively. Some derivatives of amino acids are also formed from hydantoin-based
substrates. Formation of L-3,4-hydroxyphenylalanine and L-piperonylglycine from 5-
(3',4")-dihydroxy-benzylhydantoin and 5-(3',4")-methylene-dioxybenzylhydantoin
respectively was studied by Sano et al.(1977). Syldatk et al. (1992b) reported the
synthesis of L-amino acids from D,L-benzylhydantoin and related compounds. L-alpha-
naphthylalanine and L-beta-naphthylalanine were synthesized from D,L-5-alpha-
naphthylmethylhydantoin and D,L-5-beta-naphthylmethylhydantoin respectively by
Syldatk et al.(1992c).

L-amino acids can be prepared from alpha-ketocarboxylic acid e.g. L-leucine was
synthesized from keto-isocaproate [Groeger et al.(1986)]. L-Alanine and its derivatives
were synthesized by Harada and Tamura (1979). L-Aspartic acid was synthesized by
Tamura and Harada (1980). Some amino acids are prepared from N-acetylamino acid by
aminoacylase enzyme. In some cases D,L-amino acids mixtures were used as a starting
material to obtain the L-amino acid. L-methionine was obtained from D,L-methionine
where D-methionine was converted to a keto acid [Ishitkawa and Kumara(1988) ]. In
some cases only L-form is obtained, from the D,L-mixture, eg. aminotransferase enzyme
selectively converts the D-form to L-form. L-leucine, L-phenylalanine and L-
homophenylalanine were synthesized by this way [Fotheringham et al. (1991)]. L-
homophenylalanine is used in the preparation of ACE (angiotensin-converting enzyme)
inhibitor. L-amino acids are also prepared from 2-amino nitriles and 2-amino ylidene
acetonitrile derivatives. L-leucine was prepared by this way [Wakamoto et al.(1989)]. L-
amino acids are also obtained from amides of D,L-amino acid. Dotani et al. (1989)
prepared L-valine from D,L-valine amide. Asano et al.(1994) converted mesaconic acid,
ethylfumaric acid and chlorofumaric acid to threo-3-methyl-L-aspartic acid, threo-3-

ethyl-L-aspartic acid and threo-3-chloro-L-aspartic acid respectively. Sutherland and



Willis (1998) synthesized optically pure 4-amino-2-hydroxy acids. These are some of the

references for preparation of L-amino acids from different types of substrates.

D-Amino acids

Earlier D-amino acids were considered as unnatural and of limited use. As
research into pharmaceutical intermediates progressed, there was a change in thinking . It
was observed that microbial cells were capable of synthesis of D-amino acids. D-
alanine, D-glutamic acid and D-2-aminoadipic acid were found in cell wall of some
microorganisms [Rozzel and Wagner (1992)]. Some plants and microorganisms were
found to synthesize metabolites which yielded D-amino acids on enzymatic hydrolysis.
Bacillus brevis synthesizes gramicidins which on hydrolysis gives D-leucine. Bacillus
polymyxa synthesizes polymyxins which yields D-leucine. D-amino acid was also
obtained by resolution of D,L-amino acid [Fruton and Simmond (1961)]. Ogawa et al

(1977) reported presence of D-aspartic acid and D-glutamic acid in pea seed.

Nagata (1999) has cited in his review that free D-amino acids are present in
bacteria and some animals. Free D-serine, D-aspartate, D-proline, D-alanine and D-
glutamate were found in P. islandicum and H. salinarium [Nagata et al.(1999)].
Innocente and Palla (1999) have reported presence of D-alanine, D-lysine, D-ornithine
and D-tyrosine in cheese. There are many references to the formation of D-amino acid
by biosynthetic pathways. D-cysteine and D-methionine are prepared by semisynthetic
methods. D-cysteine and D-valine are used in the preparation of cephalosporin and
fluvalinate respectively. Hydantoin based substrates are used in many cases for synthesis
of D-amino acids. D-alanine is prepared from 5-methylhydantoin [Nakamori et
al.(1978)]. Makryleas and Drauz (1990) have obtained D-valine from D,L-
isopropylhydantoin. Gillonier and Guivarch (1980) have synthesized D-phenylalanine
from corresponding hydantoin. Yamada et al. (1978b) have prepared N-carbmoyl-D-

methionine from hydantoin derivative.



Tagawa et al.(1994) prepared D-phenylalanine from N-benzoylphenylalanine.
Alpha-keto acids, phenylpyruvate and hydroxyphenylpyruvate were used to prepare
aromatic D-amino acids, D-phenylalanine and D-tyrosine respectively [Bae et al. (1999)].
Isobu and Hirose (1999) have prepared D-leucine from D,L-leucine. N-acetylamino acids
were used for the preparation of D-amino acids by using the enzyme D-aminoacylase.
D-tryptophan, D-phenylalanine, D-leucine, D-valine and D-methionine were synthesized
by this method [Mitsuhashi et al.(2000)]. D-amino acids can be synthesized from
corresponding amides. Dotani et al. (1985) prepared D-valine from D-1-

isopropylaminoacetamide.

There are compounds in which an amino acid features as a chiral center e.g.
glutathione; D-phenylglycine; p-hydroxyphenylglycine; 3,4-hydroxyphenylalanine (L-
dopa); beta-lactam antibitoics; lipo-amino acids etc. Wang and Potter (1976) have
separated D-a-phenylglycine from its racemic mixture. D-a-phenylglycine is used in the
synthesis of penicillin. Ichikawa and Shibukawa (1986) have reviewed the formation of
intermediates of B-lactam antibiotic. Glutathione used in the treatment of hepatic ailments

is prepared by both synthetic and chemo-enzymatic methods [Kumagai 1986].

D-phenylglycine and D-p-hydroxyphenylglycine are prepared by semisynthetic
method from hydantoin derivatives [Olivieri et al. (1979b); Tawaki et al.(1986);
Kanegafuchi (1980)]. They are used as a precursor in the synthesis of semi-synthetic
penicillin, ampicillin and amoxicillin respectively [Kamphuis et al.(1990)]. Sato et
al.(1988) have cited the uses of hydantoin derivatives as precursors in various
applications.  D-m-methoxyphenylglycine is prepared from D,L-m-methoxy-
phenylhydantoin [Ajinimoto Co. Japan(1980 )]. 3,4-dihydroxyphenylalanine ( L-dopa ) is
synthesized by both synthetic and chemo-enzymatic methods and is used in the treatment
of Parkinson's disease [Enei and Yamada (1986)]. Amino acid antimetabolites,
synthesized by biosynthetic methods, can be used as anticancer drugs or plant growth

regulators [Sakai (1986)].



Tao and Li (1984); Li (1985) have reveiwed uses of amino acids in
agrochemicals. Xu (1984) has reviewed the use of amino acids in various fields. Hudson
(2000) has reviewed the use of aminophosphonic acid, aminophosphinic acid and its
derivatives as agrochemicals. Poduska et al. (1976) have synthesized derivatives of
amino acids, which have insecticidal properties. Nath et al.(1997) have prepared
dibutyltin complexes which show antimicrobial and antitumour properties. They have
used amino acids in the preparation of these complexes, penicillin preparation, novel
peptides preparation etc.

Examples of amino acids used as precursors (table 3) and final products (table 4) are

cited below.



Uses of amino acids

Table 3: Precursors:

Precursors
imino acid-peptides

D-N-carbamylvaline

D-b-hydroxyamino acids
[(Tert-Butyldimethylsilyl) oxy] carbonyl
amino acids
(25)-CH,:CHCH,CH(NHCO,R6)CO-(L)-
NHCH(CHMeOR7)CO,Me
Ré=R’= SiMe,Cmes

where

dihaloisonicotinoyl derivatives of amino
acids.
N-(2,6-dialkylphenyl)-N-formylglycine

L-leucine

fields
agrochemicals, drugs

agrochemicals, drugs

agrochemicals, drugs

agrochemicals,  antibacterial  and

central nervous system agents

herbicide

herbicide, fungicide
insecticide ((4S)-4-isobutyl-2-
methoxy-1,3,2-oxazphospholidine  2-

sulfide )

references
Ofuna et al.(1987)
Tawaki et al.(1988)

Kato et al.(1989)
Ohfune and Sakaitani (1987)

Kenney and Stein (1980)

Schmierer et al.(1986)
Eto et al.(1978)




5-benzylidenehydantoin)

Azotidinones

N-Acyl-a-aromaticglycine derivatives.

5-Arylidenehydantoin (Benzalhydantoin;

pesticide, medicine

cephems, penicillin and nocardicin

semisynthetic penicillin

Imaki and Takuma (1986a,b)

Wasserman
& Lipshutz (1978)
Christidis & Schouteeten (1979)

Hydroxyphenylglycine penicillin, cephalosporins Senuma et al.(1980)
Amino  acid derivative  of 2,3 penicillins, cephalosporins Saikawa et al.(1981)
dioxopiperazine

Table 4
Compounds uses referencas
[(1,2,3,4-tetrahydro-4-oxo-2- agrochemicals Suesse et al.(1987)
thioxoquinazolin-3-yl)-alkanoates ]
Amino acid conjugate herbicide Feung et al.(1977)
Amino acids= leucine, isoleucine, valine
etc.
N-carbamoyl-N-phenylamino acid herbicide Hashimoto et al.(1976)




derivative

Thiocarbonyl amino acid derivative

Benzothiazolyl amino acid derivative

Halogenated a-amino acids
RCF2CFR1CHR2CH(NH2)CO2H; where
R=Cl, Br; R1=H,F,CI; R2=H, Me

a-amino fatty acid anilide derivative
RR1C6H3NHCR2MeCONHC6H4R3-4
where R=H, alkyl, alkoxy, CF3, halo;
R1=H, Me, Et; R2=H, Me; R3=alkyl
Phosphonomethylated amino acids
(HO)2P(O)CH2NHCH2CO2H and
derivatives
N-(carboxyphosphinomethyl)-amino acids
N-(2-hydrxyalkyl)amino acids and

derivatives

herbicide
herbicide, fungicide,
anticholesteremics and

antiarrhythmics

herbicide, insecticide

herbicide

herbicide

herbicide

herbicide, fungicide

Okii et al.(1980)

Nakamizo et al.(1977)

Kyowa Hakko Kogyo Co.,
Japan(1982b)

Muramatsu and Ueda(1982)

Mitsui Toatsu Chemicals, Inc.,

(1983)

Nagubandi(1985a,b)

Issleib et al.(1985)
Lautenschlaeger et al.(1986)

Ltd.,

Japan




Table 4

L-2-amino-4-hydroxy(methyl)phosphinyl- herbicide Kuwabhara et al.(1990)
butyric acid

Amino acid esters of milbemycins insecticide, acarides and nematocides = Terada et al.(1985)
Difluoromethylhomocysteine insecticide Tsushima et al.(1990)
Acetylpolyamino acids insecticide Astruc et al.(1992)
N-(O,S-Dimethylthiophosphoryl) a-L- insecticide Tang et al.(1999)
amino acid esters

Pyridyl esters of a-substituted amino acid  pesticide Henrick(1980)
(E)-isomers of N-a-[2-cyano-2- pesticide, fungicide Lunkenheimer et al.(1986)
(alkoxyimino)acetyl]amino acid

derivatives

Fluorobutenyl esters of amino acids pesticide Kraatz et al.(1997)

3-Phenyl-2-acetylaminoprop-2-enoic acid

3,4,4-triflurobut-3-enyl ester




Routes for enzymatic synthesis of amino acids

Aminoacylase

Various researchers have used aminoacylase enzyme for the preparation of amino
acids. Acetyl-D,L-isomers are converted to their L-amino acids by aminoacylase (EC
3.5.1.14) from Aspergillus oryzae [Chibata et al.(1976)]. Meiller and Mirabel (1979) and
Rhone-Poulenc Industries (1977) obtained L-methionine from N-acetyl-D,L-methionine
using immobilized L-aminoacylase from porcine kidney. Tripathi et al.(2000) hydrolysed
N-acetyl-D-amino acids to D-amino acids (D-methionine, D-valine, D-phenylalanine)
using cells. Sugie and Suzuki (1980) studied the conversion of N-acetyl-D,L-
phenylglycine to D-phenylglycine using D-aminoacylase. Smalla et al. (1985) obtained
L-phenylalanine from chloacetyl-D,L-phenylalanine using immobilized aminoacylase.
Kung et al.(1986) have obtained L-phenylalanine from N-acetyl-D,L-phenylalanine

methyl ester by using aminoacylase and esterase.

Sakai et al. (1991) used D-aminoacylase for the hydrolysis of N-acetyl-D-
phenylalanine to D-phenylalanine. Moriguchi et al.(1993) obtained D-leucine by
hydrolysis of its N-acetyl, N-formyl, N-butyryl and N-propionyl derivatives. They
synthesized D-phenylalanine, D-norleucine and D-methionine from their N-acetyl
derivatives using D-aminoacylase from A. xylosoxydans sub sp. xylosoxydans A-6.
Mitsuhashi et al. (2000, 2001) studied the hydrolysis of N-acetyl derivative of D-amino
acids to D-amino acids (D-tryptophan, D-phenylalanine, D-valine, D-leucine and D-
methionine) using D-aminoacylase. Biselli (1992) obtained L-amino acids from their
racemic mixture. Olama (1999) obtained L-alanine from N-acetyl-L-alanine. Shintani et
al.(1984) studied the hydrolysis of N-long chain acyl amino acids using N-long chain
acyl aminoacylase. Sambale et al.(1987) obtained L-valine from N-(methoxycarbonyl)-

D,L-valine using strain.

Racemase
The enzyme Racemase is used to obtain enantiopure D or L-amino acid from a

racemic mixture and/or interconversion of amino acids from D to L -form or vice versa



Klages and Weber (1989) prepared L-phenylalanine from D,L-a-amino-b-phenyl-
propionitrile using cells (4. calcoaceticus and Arthrobacter ATCC 31652) containing
amino acid racemase and L-amino acid amide amidase. Hermes et al.(1990) studied the
racemization and hydrolysis of D-valine amide using cells containing amino acid amide-
racemase. Godtfredsen et al.(1989) converted D,L-phenylglycine amide to L-
phenylglycine using microbial cells containing amino acid racemase and amidase
enzyme. Pietzsch et al. (1990) converted D-3-methyleneindolyl-5-hydantoin to L-
tryptophan using hydantoin racemase. Terasawa et al.(1990) studied the conversion of D-

serine to L-serine using an amino acid racemase.

Aminotransferase

In some cases amino acids are prepared by using an aminotransferase enzyme.
Lewis and Farrand (1985) have prepared L-phenylalanine from Na-phenylpyruvate and

Na aspartate, using an aminotransferase.

Hydantoin

Allantoin is synthesized by most higher plants. Baeyer (1861) carried out the
hydrogenation of allantoin. He named the formed compound as hydantoin (fig.1). It is
also known as imidazolidine-2,4-dione or 2,4-diketotetrahydroimidazole. Hydantoin is
crystalline and sweet in taste [Syldatk et al.(1992a)]. Syldatk et al. (1992a) have
discussed the uses of hydantoin and its derivatives. Hydantoin and its derivatives are
widely used as substrates for amino acid preparation. Both natural and unnatural amino
acids are synthesized from these substrates Hydantoin have found applications in the
medical field [Triadan (1968); Spurlock (1945)] as anticonvulsant, antimicrobial,
virucidal, tuberculostatic, herbicidal and fungicidal agents [Mehta et al.(1981); Tahara et
al. (1979); Thibault and St. Clair (1982); Tielemann (1971); Ohta et al. (1980); Mappes et
al. (1980); Syldatk et al. (1992a)]. Ware (1950) reported use of 5,5-disubstituted

hydantoins as hypnotic and narcotic agents.



Fig.1: Formation of hydantoin

H / ¢o HoG——CO
\H T 2Hl / \ + Urea + 12
HN NH

C/
| e
0]

o
hydantoin

Allantoin

Fig. 1: Formation of hydantoin from allantoin [Syldatk et al. (1992a); Baeyer (1861)].

Hydantoin synthesis: 5-substituted hydantoins are synthesized using different methods.
Three ways are given below :

1)Bucherer-Bergs synthesis:

/o /H /o
R—CH2—C\H + KCN + (NH92C03 —> R H2C /
HN NH
\c/
(0]

5-substituted hydantoin
Fig. 2 : Synthesis of 5-substituted hydantoin [ Syldatk et al. (1990)].



i1) From an aldehyde and hydantoin:

H2 / R CH=—— -
HN NH +R—— /O ., / \
R C\ HN NH
c . N/
| |
l[H]
H

R——H2C
HN NH
\C/

o
5-substituted hydantoin

Fig. 3: Synthesis of 5-substituted hydantoin [Syldatk et al. (1990)

1i1) Glyoxylic acid, urea and phenol in presence of acid yield 5-(p-hydroxyphenyl)
hydantoin [Takahashi (1983)]

Hydantoin hydrolysis

Hydantoin is a stable compound whose hydrolysis occurs under only extreme
conditions i.e. 60% H,SO4 at 120-130° C. Degussa prepared D,L-phenylalanine by
treating 5-(phenylmethyl)hydantoin with HCI [Hoppe and Martens (1984)]. Elks et al.
(1948) and Deulofen (1936) had wused Ba(OH), for hydrolysis. Allantoin,
carboxymethylenehydantoin, carboxyethylene-hydantoin are naturally occuring
hydantoin derivatives. Allantoin is hydrolyzed by allantoinase or 5-ureidohydantoinase
[EC 3.5.2.5] to allantoic acid. This enzyme is present in plants, animals and
microorganisms. Syldatk et al. (1999) have reviewed hydantoinase. EC 3.5.2 which is a
class of enzymes cleaving hydantoin and derivatives of hydantoin. It is further sub-

classified into:



dihydropyrimidinase (hydantoinase) EC 3.5.2.2; carboxymethylhydantoinase EC 3.5.2.4;
allantoinase =~ EC  3.5.2.5;  N-methylhydantoinase @~ EC  3.5.2.14; (imidase,
carboxyethylhydantoinase etc)  5,6-dihydrouracil and 5,6-dihydrothymine have a
pyrimidine ring. Hydantoinase cleaves this ring. Therefore it is called as

dihydropyrimidinase EC 3.5.2.2. It also cleaves 5-monosubstituted hydantoins (fig. 4).

Fig. 4: Cleavage of dihydrouracil and 5-monosubstituted hydantoin

H\C/H

HQC/ \co R /O
At
%

HN H
C
;
(0]
5,6-dihydrouracil D,L-5-monosubstitutedhydantoin
+H20 l 5,6-dihydropyrimidinase l D-hydantoinase
y R
/\/N NH2
HOOC \( OCH
‘ HN NH2
o} N C/
0
N-carbamoyl-D-amino acid
+H0 l b-ureidopropionase lN-carbamoyl-D-amino acid amidohydrolas
R
NH2
b-alanine D-amino acid

Fig. 4: D-selective cleavage of 5,6-dihydrouracil & D,L-5-monosubstitutedhydantoin
[Syldatk et al. (1992a)]



Hydantoinase is widely distributed in nature either as D or L selective and
accordingly it is called-hydantoinase or L-Hydantoinase. It is present in plants (Pisum
sativum, lentil seed, Vigna angularis, Phaseolus vulgaris, jack beans, peas, melon seeds,
cucumber seeds etc.); animals ( liver of veal, calf, rat, pig etc.); microorganisms (
Peudomonas,  Aerobacter, Agrobacterium, Arthrobacter, Actinoplanes, Bacillus,
Nocardia, Streptomyces etc.). The N-carbamoyl-derivative is formed as a result of action
of hydantoinase on hydantoin or its derivatives. It is further converted to amino acid by
either a chemical method or by using the enzyme called as N-carbamoylase. In some
microorganisms e.g. Agrobacterium both enzymes are present. These enzymes are
stereospecific. The manner in which research on hydantoinase has progressed is

summarized in Table 6 [Syldatk et al. (1992a)].

Table 6
Year  Researchers Invention
1926  Gaebler & Hydantoic acid (N-carbamoylglycine) formation from
Keltch hydantoin in dog body.
1932 Sobotka L-5-phenyl-5-ethylhydantoin hydrolysis by Aspergillus
Sp.
1934  Wada Hydantoin + milk/tissue suspension—> urea.

1946  Bernheim & Hydantoin is cleaved by liver extract of ominivorous
Bernheim animals.

1947  Eadie et al. Hydantoin is cleaved by plant seed extract.

(1949)
1950 Grisolia et al. These enzymes are involved in primidine metabolism
[Wallach & Grisolia (1957); Caravaca & Grisolia
(1958)].

1970  Dudley et al. N-sub.-5-phenylhydantoin—=> D-selective hydrolysis

1973
1975  Cecere et al. Conversion of 5-monosub. hydantoin to its N-carbamoyl
1978  Dinelli et al. N-carbamoyl-phenylglycine preparation by immobilized

enzyme.




D-amino acids are synthesized using microbial hydantoinase. It has been
extensively reviewed by Yamada et al. (1980a); Tani et al. (1978) etc. Yamada et al.
(1978a) have used various microorganisms [Pseudomonas, Aerobacter, Agrobacterium,
Actinoplanes, Nocardia and Streptomyces] for dihydropyrimidinase preparation.
Takahashi et al. (1978) and Takahashi (1983) obtained N-carbamoyl-D-amino acids by
hydrolysis of D,L-5-substituted hydantoin using hydantoinase from Pseudomonas
straita. Maguire and Dudley (1978) hydrolyzed hydantoin, S5-phenylhydantoin,
dihydrouracil and a-phenylsuccinimide to its N-carbamoyl derivative using
dihydropyrimidinase from calf and rat liver. Yamada et al.(1980b) synthesized D-

phenylglycine-based amino acids from hydantoin derivatives using dihydropyrimidinase.

Production of D-(-)-4-hydroxyphenylglycine was studied by Tramper and Luyben
(1984). Preparation of D and L-amino acid, by using hydantoinase, discussed by Syldatk
et al.(1986). Syldatk et al.(1987) studied the hydrolysis of 5-substituted hydantoin by D-
hydantoinase from Arthrobacter sp. Morin et al (1987, 1990) studied D-hydantoinase
production from various species e.g. Pseudomonas, Serratia, Corynebacterium etc.
Young-Jin Pharmaceutical Industries, Ltd., S. Korea, (1991) have used D- hydantoinase
from Streptomyces Y-183 for hydrolysis of D,L-5-phenylhydantoin and D,L-5-
(hydroxyphenyl)-hydantoin. Chevalier et al. (1989a,b) studied the conversion of
dihydrouracil to N-carbamoylamoyl-alanine by using immobilized cells of Pseudomonas
putida. Yamada et al.(1994) have prepared N-carbamoylamoyl-b-aminobutyric acid,
from D,L-6-methyldihydrouracil using dihydropyrimidinase of P. putida 1FO12296,

which is further converted into (S)-b-aminobutyric acid chemically.

Burtscher et al. (1995) have produced D-N-carbamoyl-a-amino acids using
hydantoinase from B. thermoglucosidasius. Nanba et al. (1996a) prepared D-N-
carbamoyl-o-amino acids from the corresponding hydantoins. Grifantini et al. (1995)
converted D,L-5-substituted hydantoins to D-a-amino acids using microorganisms.
Durham and Weber (1995) have prepared N-carbamoylamino acids from hydantoin
derivatives using hydantoinase from A. tumefaciens. Bommarius et al. (1995) prepared

cyclic N-carbamoyl-D-amino acids. Keil et al. (1995) synthesized D-a-amino acids from



corresponding hydantoin derivatives using hydantoinase. Production of D-hydantoinase,
from recombinant E. coli, for preparation of N-carbamoyl-D-amino was reported by Lee
et al.(1996b,1997a). Sharma and Vohra (1997a,b) used D-hydantoinase from Bacillus sp.
AR 9 for hydrolysis of hydantoin derivatives. Grifantini et al. (1997) studied hydrolysis

of N-carbamoyl derivatives to D-amino acids by D-N-a-carbamoylase enzyme.

Kim et al.(1997a) synthesized D(-)N-carbamoyl derivatives from D,L-5-(p-
hydroxy-phenyl)hydantoin, D,L-5-(2-methyl-thioethylene)hydantoin, D,L-5-
phenylhydantoin and  D,L-5-isopropylhydantoin using D-hydantoinase from B.
stearothermophilus SD-1. Morin et al.(1997) hydrolyzed dihydrouracil, hydantoin, L-
MMEH and D,L-MMEH to N-carbamoyl derivative using dihydropyrimidinase from the
hulls of Pisum sativum. Louwrier and Knowles (1997) have prepared D-p-
hydroxyphenylglycine by an enzymatic method. They have used both hydantoinase and
carbamoylase enzyme. Carbamoylase enzyme was isolated from Agrobacterium sp. and
characterized. Garcia and Azerad (1997) have hydrolyzed various D,L-hydantoins to
substituted D-(-)N-phenylglycine. Bommarius et al. (1997) have synthesized (R)-tert-
leucine from corresponding hydantoin derivative. Papain was used by Rai and Taneja
(1998a) for conversion of a hydantoin derivative to N-carbamoyl Yamada (1998) have
reported preparation of L-dopa, D-HPG, D-PG and other compound using enzyme. Kim
et al.(1997b) hydrolyzed 5-substituted hydantoin to D-amino acid using enzymes.

Bommarius and Schwarm (2001) hydrolyzed D,L-(3-pyridyl)hydantoin to its N-
carbamoyl derivative using a D-hydantoinase which was further converted to D-(3-
pyridyl)- alanine using an N-carbamoylase. Hartley et al.(2001) used enzymes from
Agrobacterium  tumefaciens for conversion of hydroxyphenylhydantoin to
hydroxyphenylglycine. Lee et al.(2001b) used an immobilized hydantoinase enzyme for
the conversion of hydroxyphenylhydantoin to its N-carbamoyl derivative. Soong et
al.(2001) have used D-hydantoinase from Blastobacter sp. A17p-4 for the hydrolysis of
cyclic substrates - ureides (dihydrouacil, dihydrothymine, hydantoin etc.) and
phenylhydantoin etc. The hydantoinase had more activity on hydantoin and

dihydrouracil. They observed more conversion of phenylhydantoin than other substrates.



Fan and Lee ( 2001) used D-hydantoinase (partially purified) from adzuki bean for
hydrolysis of phenylhydantoin and p-hydroxyphenylhydantoin. They found it to be more
active on phenylhydantoin than p-hydroxyphenylhydantoin. They synthesized N-

carbamoyl-D-phenylglycine using immobilized hydantoinase.

Tani et al. (1978) reviewed the preparation of L-tryptophan using tryptophanase.
Guivarch et al. (1980) studied L-hydantoinase from Pseudomonas sp. and Arthrobacter
globiformis. Kitagawa et al. (1985) prepared N-carbamoyl-L-amino acids from 5-
substituted hydantoin using hydantoinase from Arthrobacter DK200. Gross et al.(1987)
screened microorganisms for conversion of D,L-indolylmethylhydantoin to L-tryptophan.
Wagner et al.(1994) used Arthrobacter DSM 7329 and DSM 7330 for preparation of L-
amino acids. Tarui et al. (2000) prepared (R)-2-aminocarbonylamino-5-(4-
methylsulfonyloxyphenyl) valeric acid from 5-[3-[4-(Methylsulfonyloxy) phenyl]|propyl]-
2,4-imidazolidinedione using cells of Arthrobacter crystallopoietes.

Table7 cites references for the preparation of N-carbamoyl derivatives, D/ L-amino acids



Table 7: N-carbamoyl derivative, D and L-amino acid preparation.

Source

Dihydropyrimidinase

Pseudomonas straita

veal liver

Microbe

P. putida

B. sphaericus

Bacillus brevis IFO
12333

cells/enzyme
immobilized
enzyme

cells

dihydro-

pyrimidinase

cells

cells

immobilized cells

immobilized

enzyme

substrate

5-ME-hydantoin

D,L-5(2thienyl)- hydantoin

S-isoprpropyl- hydantoin

D,L-5(ME-TH-ET)
hydantoin and other 5-
sub.hydantoin

PH, ME-TH-ET-H, ME-H,
ISB-H

D,L-HyPH

HyPH & others

Product

L-carbamylalanine
N-carbamoyl-D-2-
thienylglycine
N-carbamoyl-D-
valine
N-carbamyl-D-AA
D(-)N-carbamoyl

D(-)N-carbamoyl

N-carbamoyl

refernce

SNAM Progetti (1978)

Shimizu et al. (1980)

Dinelli et al. (1980)

Takahashi et al. (1979)

Sun Wanru (1983a)

Shiotani et al. (1991)

Powell & Power (1988)
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Peptococcus anaerobius
CRDA 303 &
Clostridium

A. crystallopoietes AM2

Agrobacterium EO 111

Agrobacterium
radiobacter

Agrobacterium sp. 1-671

P. desmolyticum NCIM
2112

B. stearothermophilus
SD1

A. tumefaciens

P. sp. KBEL 101

cells

cells(hydantoi-
nase+carbamylase
)

cells ( both
enzyme)

cells (both
enzyme)

enzyme
cells
immobilized
enzyme

enzyme

immobilized cells

isopropylhydantoin &
DHU

D,L-5-ME-hydantoin

D,L-HyPH

DL-isopropyl-hydantoin

D,L-HyPH

D,L-phenylhydantoin

D,L-5-HyPH

D,L-5-PH & DL-5-ME-H

D,L-HyPH

N-carbamoyl

D-alanine

D-P-hydroxy-
phenylglycine

D-valine

D-p-hydroxy-
phenylglycine
D(-)N-carbamoyl-
phenylglycine
D(-)-N-carbamoyl

N-carbamoyl-D-AA

D-HyPG

Morin et al. (1991)

Moeller et al. (1988)

Ohleyer (1989)
Battilotti, & Barberini
(1988)

Kim & Kim (1995b)
Gokhale et al. (1996)
Lee et al.(1996a)
Durham & Weber

(1995)
Kim et al. (1994)




Table 7

Phaseolu Vulgaris
(plant)

rat liver

P. stutzeri ATCC
Pseudomonas sp. NCIM
5109

recombinant £. Coli

A. tumefaciens(RU-OR)

lentil seed

recombinant E. Coli
B. thermocatenulatus
GH-2

A. crystallopoietes
DSM20117

recombinant E. Coli

enzyme

enzyme
enzyme

cells

cells

cells

immobilized

enzyme

cells

enzyme

enzyme

cells

D,L-5methymercaptoethyl-
hydantoin & other sub.
DHU, DHT

H, DHU, DHT

D,L-PH

D,L-HPH & D,L-PH

D,L-HyPH

hydantoin derivatives

D,L-HyPH

D,L-PH & other hydantoin
derivative
D,L-phenylhydantoin &
other derivative

D,L-HyPH

N-carbamoyl-D-
methionine
N-carbamoyl
N-carbamoyl

D-(-)-N-carbamoyl

D-(-)-HyPG &
D-(-)-PG
D-(-)-HyPG

D-amino acids

D-(-)N-carbamoyl
D-(-)N-carbamoyl

D-N-carbamoylPG &
other N-carbamoyl

D-HyPG

Morin (1993)
Kikugawa et al. (1994)
Xu & West (1994)
Sudge et al. (1998)

Grifantini et al. (1998)

Hartley et al. (1998)
Rai & Taneja (1998b)

Lee & Kim (1998)
Park et al. (1999)

Siemann et al. (1999)

Chao et al. (1999)
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recombinant E. Coli cells D,L-HyPH D(-)N-carbamoyl Yin et al. (2000)
recombinant E. coli cells D,L-HyPH D-HyPG Park et al. (2000)
recombinant E. Coli cells D,L-HPH D-(-)N-carbamoyl Chen et al. (1999)
Pseudomonas sp. H1 cells D,L-HPH N-carbamoyl-D- Ranjan & Dave (2000)
HyPG
Pseudomonas sp. cells D,L-PH N-carbamoylD-PG Gokhale et al. (2000)
NCIM 5070
P. putida sp. 2262 cells D,L-HyPH D-HyPG Zhang et al. (2000)
Vigna angularis enzyme D,L-PH N-carbamoyl-D-PG Arcuri et al. (2000)
Agrobacterium cells DL-HyPH D-HyPG Lee et al. (2001a)
radiobacter
Arthrobacter/Flavo- enzyme/cells( 5-benzyl-ME-hydantoin L-homopheny- Nakayama & Ozawa
bacterium HP-27 hydantoinase+car lalanine (1990)
bamylase)
Flavobacterium sp. cells(both D,L-5-indolyl-ME- L-tryptophan Nishida et al. (1987)
enzyme) hydantoin
Pseudomonas sp. NS671  cells D,L-5-sustituted hydantoin ~ L-amino acids Ishikawa et al. (1997)

ME=methyl; TH=thio; ET= ethyl.; AA= amino acid, [Pr=isopropyl, H=hydantoin, Hy=hydroxy, P=phenyl, G= glycine, AA= amino

acid



Van Gennip et al. (1994) investigated effect of dihydropyrimidinase (DHP) and
dihydropyrimidine dehydrogenase (DHPD). Deficiency and attributed some forms of
epilepsy to these deficiencies. They studied the amount of dihydrouracil, dehydro-
thymine, uracil, thymine etc. secretion in urine. Hayashi et al. (1996) have studied the
deficiency and amount of these compounds secretion in urine. Putman et al.(1997) have
reported that deficiency causes neurological disorder in children. Dihydropyrimidinase
deficiency is called as dihydropyrimidinuria. Van Gennip et al. (1998) have reveiwed
these deficiencies.

Hydantoins and the associated enzyme hydantoinase is clearly a very important
and fruitful area of research. Biotransformation remains one of the strongest tools for
conversion of hydantoins to their respective N-carbomyl derivatives and amino acids.
The main theme of the current work is based on this conversion of hydantoins to amino

acids.



Scope of this thesis

Chiral compounds are useful in pharmaceuticals, food and some other fields.
Alpha-amino acids are chiral compounds and used widely. D-(-)phenylglycine is one of
the important alpha-amino acids used in the preparation of antibiotics. Hydrolysis of D,L-
phenylhydantoin yields D-(-)phenylglycine. D.L-phenylhydantoin is prepared by
chemical synthesis. D-hydantoinase enzyme hydrolyses D,L-phenylhydantoin to D-(-)-N-
carbamoylphenylglycine. =~ D-(-)-N-carbamoylphenylglycine is converted to D-(-)-
phenylglycine either chemically or by carbamoylase enzyme. In this thesis we have
studied hydantoinase enzyme from Pseudomonas sp. NCIM 2875. This hydantoinase
hydrolyses a racemic mixture of D and L-phenylhydantoin to D-(-)N-carbamoyl-
phenylglycine.

Objectives :

1) Optimization of medium in shake flasks for growth and hydantoinase production.

2) Optimization of conditions for maximum growth and hydantoinase production.

3) Extraction of hydantoinase enzyme from cells where cells were treated with solvents,

detergents and EDTA followed by extraction with buffer.

4) Purification of hydantoinase enzyme using various methods like precipitation,

chromatography etc. and study of properties of the purified hydantoinase.

5) Immobilization of cells and crude hydantoinase enzyme.



Chapter 2

Optimization of growth and hydantoinase production



Growth & hydantoinase production

Summary

Pseudomonas sp. NCIM 2875 was microorganism used in the experimental
studies. Experiments were performed in shake flasks to optimize a glucose-based medium
and conditions to enhance growth and hydantoinase production. A medium containing
glucose, NaNOj3, salts and supplemented with 0.1% yeast extract and 0.1% peptone was
developed. Inoculum age, pH, harvesting time etc. were optimized. 20 h. inoculum age
was found to be optimal. Optimum harvesting time was 27 h. Cells were cultivated using
an optimized medium and culture conditions. A maximum concentration of 12.7 g I'' wet
wt. cells and 4.63 units activity (micromoles of N-carbamoyl per min. per gm wet wt.

cells.) were obtained

Introduction

Hydantoinase enzyme [E.C.3.5.2.2] is found to exist in plants, animals and
microorganisms. Many researchers have used hydantoinase from plants and animals
sources. In microorganisms it is usually intracellular. Yang and Sun (2001) have
reviewed hydantoinase and its uses. Hydantoin and derivatives of hydantoin are prepared
by chemical synthesis. They are hydrolyzed to N-carbamoylamino acids using either
whole cells directly or hydantoinase isolated from cells. In some cases immobilization of
cells or enzyme is carried to facilitate reuse of cells/enzyme. N-carbamoyl-derivative is
further converted to an optically pure amino acid either by a chemical route or by using
enzyme carbamoylase. In some microorganisms both enzymes (hydantoinase and
carbamoylase) are present. Hydantoin and hydantoin derivatives are converted to their
corresponding a-amino acids by hydantoinase and carbamoylase. It has reviewed by

Ogawa and Shimizu (2000).

The screening of microorganisms is a major step in the study of hydantoinase.

Screening of hydantoinase producing microorganisms has been performed by many
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researchers. Pseudomonas, Aerobacter, Agrobacterium, Actinoplanes, Nocardia and
Streptomyces sp. were cultivated on medium with pyrimidine to produce
dihydropyrimidinase by Yamada et al. (1978a). Sun (1983b) screened several bacteria
and selected P. putida 73104 for further studies. Morin et al. (1986b) selected P.
fluorescens after extensive screening. P. fluorescens converts 5-isopropylhydantoin to N-
carbamoylvaline. Gross et al. (1987) had carried out screening of microorganisms that
form L-tryptophan from D,L-indolylmethylhydantoin. Lee et al. (1994) studied
thermophilic cultures and selected Bacillus sp. SD-1 for further studies. The strain

showed an optimum growth temperature of 60°C.

Jiang et al. (1995) carried out mutation of Pseudomonas sp. J43 and obtained
mutant M39 which has 5-FU resistance. Gokhale et al. (1996) have carried out screening
and selected P. desmolyticum NCIM 2112 for study. It hydrolyses D,L-phenylhydantoin
to its D(-)N-carbamoyl Chien and Hsu (1996) have carried out plate assay for screening
of hydantoinase producing microorganisms. Sudge et al. (1998) have studied

microorganisms from sea water and selected one (Pseudomonas sp. NCIM 5109).

Morin et al. (1990) compared the hydantoinase activities of P. fluorescens (strain
1.2, 1.9); P. putida (strain 2.2.2.5, DSM 84); Serratia liquefaciens (strain 1.15) and
Corynebacterium  pseudodiphtheriticum  (14.10.). They found hydantoinase from
Corynebacterium pseudodiphtheriticum had more temperature stability than from other
cultures. Young-Jin Ind. (1991) produced hydantoinase, by cultivating Streptomyces sp.
Y-183, which hydrolyses D,L-phenylhydantoin and D,L-p-hydroxyphenylhydantoin.
Morin et al. (1991) have studied anaerobic cultures: Clostridium sp., C. glycolicum, C.
subterminale and Peptococcus anaerobius. P. anaerobius hydrolyses dihydrouracil and
isopropylhydantoin. Morin (1993) also studied D-hydantoinase of legume spp. of genera:
Arachis, Cajanus, Cicer, Glycine, Lablab, Lens, Macrotyloma, Phaseolus, Pisum,
Psophocarpus, Vicia and Vigna. Phaseolus sp., Pisum sativum and Vigna sp. had more
activity. Morin et al. (1995a) studied cyclic amide amidohydrolase, from Phaseolus and

Pisum sativum, which hydrolyses hydantoin and derivatives of hydantoin. Rai and Taneja
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(1998a) have reported that papain has hydantoinase activity. Rai and Taneja (1998b) have

also reported that lentil seed contains D-hydantoinase enzyme.

Ogawa et al. (1995) studied dihydropyrimidinase activity of Blastobacter sp.
Al7p-4. Lee et al. (1997) studied D-hydantoinase production, at higher scale, from
recombinant E. coli. Hu et al. (1998) have reported a spectroscopic method for estimation
of phenylglycine in the bioconversion mixture. Van Kullenburg et al. (1999) have
determined activity of dihydropyrimidinase using HPLC where they have used
radioactive dihydrouracil. Li et al. (1999) have investigated hydrolysis of 5-(4-
hydroxyphenyl)- hydantoin by Pseudomonas putida D.

D(-)phenylglycine is used as an intermediate in preparation of ampicillin. D(-
)phenylglycine is prepared in three steps (fig.1). The first step is preparation of D,L-
phenylhydantoin by chemical synthesis. In the second step D,L-phenylhydantoin is
hydrolyzed to D(-)N-carbamoylphenylglycine by hydantoinase (cells or enzyme). In the
third step D(-)N-carbamoylphenylglycine is converted to D(-)phenylglycine chemically.
In this process two steps are chemical and one step is enzymatic. Such processes are
called as chemo-enzymatic processes. An enzymatic step is preferred because the
reaction is carried out under mild condition, it is specific and purity of product is high. In
this study we have carried out work related to only one step i.e. biotransformation of D,L-
phenylhydantoin to D(-)N-carbamoylphenylglycine. Screening of microorganisms was
done in an earlier study[Gokhale et al. (1996)]. Some microorganisms from this study
that were found to convert D,L-phenylhydantoin to D(-)-N-carbamoyl-phenylglycine,

were used during the present work

Different types of medium have been reported for production of hydantoinase. It
includes complex media, semi-synthetic and synthetic media. In complex media all
requirements of microorganisms are fulfilled therefore growth and activity is observed. In
semi-synthetic media and synthetic medium all minimum requirements of
microorganisms are provided in order to have growth and activity. In complex medium,

reproducibility of data is an issue dependant upon the quality of chemicals used. It varies
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batch to batch. This may affect cell yield and activity. In semi-synthetic media and
synthetic media this is not problem because quality of chemicals is assured. This chapter
covers optimization of growth and hydantoinase production. In this study we have
optimized a glucose based medium (which contains a very small quantity of yeast extract
and peptone) and cultivation parameters to enhance growth and hydantoinase activity.

The entire study was carried out in shake flasks.

Materials and methods

Chemicals

Bacteriological grade yeast extract, peptone, beef extract and agar were used.
Casein acid hydrolyzate, soypeptone, cottonseed meal and soybean meal were used from
Hi Media., Mumbai, India. Dr. M. S. Gaikwad [P. D. Division, N.C.L. Pune] provided
phenylhydantoin. KH,PO4, K,HPO,, MgSO, .7H,O, MnSOs .H,O, FeSO4.7H;0,
Fex(NO3)3.9H,0, CaCl,.2H,0; H3BOs, ZnSO4.7H,0, ammonium sulphate, ammonium
carbonate, urea, ammonium chloride, sodium nitrate, K-nitrate, HCI, NaOH, glucose,
fructose , maltose, mannitol, lactose, xylose, sorbitol, citric acid, sucrose, p-
dimethylbenzaldehyde, perchloric acid etc. chemicals (AR grade) were used from S.D.

Fine Chemicals.Boisar, India. Hydantoin from Sigma Chemicals was used.

Activity determination

Biotransformation of D,L-phenylhydantoin to D(-)N-carbamoylphenylglycine is
performed by the enzyme hydantoinase using either whole (wet) microbial cells or
enzyme. Biotransformation is monitored by estimation of N-carbamoylphenylglycine
formed (by a spectroscopic method or HPLC). It can be also monitored by the amount of
alkali consumed to neutralize N-carbamoylphenylglycine. The alkali consumption
method is not suitable at test tube scale cultivation. Many researchers have developed
assays for hydantoinase enzyme by using a spectroscopic or HPLC method. We studied

some of the methods from literature. A modified assay method was developed for
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estimation of hydantoinase activity. Assay methods reported by different researchers, is
cited in table 1.

Figure 1: Synthesis of D(-)phenylglycine

i) Synthesis of D,L-phenylhydantoin

CHO
+ NacN + (NH4)pCO3 = @CH—CO

‘ + NaOH 4 NH4OH

1™ ™ 3M HN NH

Benzaldehyde \ C/

ii) Hydrolysis of D,L-phenylhydantoin H

Hydantoinase
CH—CO  300c pH 8.5 CH— COOH

—_—

D,L-phenylhydantoin

HN NH NH

\/ |
|

D,L-phenylhydantoin D(-)-N-carbamoylphenylglycine
iif) Conversion of D (-) N-carbamoylphenylglycine to D(-)phenylglycine

CcH— COOH
. @ + NaCl 4 No
C CH— COOH 4 NaNO2 + HCI ——» ‘

NH2

NH> + CO2 + H20
NH
D-(-) phenylglycine
CcO
NH2

D(-)-N-carbamoylphenylglycine

Fig. 1: Synthesis of D(-)phenylglycine from D,L-phenylhydantoin.

33



Growth & hydantoinase production

Table 1: Assay of hydantoinase enzyme

Substrate

200pumoles
MeH/ml
117umoles
MeTHEtH
32.8umoles
substrate./ml
100 pmoles
IPrH
75umoles
MeH

50umoles
hydantoin

cells/enzym
e
0.1-0.5 mg

protein/ml

enzyme

Smg
cells/ml

cells/enzym

€

extract

Reaction vol. is 30 ml:
100mg PH, 100mg cells
(equivalent in 2 ml: 38umoles

PH & 6.7 mg cells)

cells/enzyme

reaction
condition

pH 8.5, t=30°C

vol. 2ml, pH=8.7,
t=30°C, 20min.

pH=9.0, t=33°C,
2 hrs.

2ml, pH=8.0,
t=30°C, 15 min.
0.4 ml, pH=9.0,
t=40°C, 10 min.
pH =8.0, t=30°C,
24 hrs.

pH=9.0, t=50°C,

30 min. for cells,

reaction stopped colour reagent

by
TCA(final conc. 2 ml mixt., 1 ml 10% PDAB
40mg/ml) in 12N HCI, o.d. at 438 nm

0.5 ml 12%TCA 0.5 ml 10%PDAB in 6N
HCl, 3 mld.w., 0.d. 420nm

proc. as Yamada et al.(1978)

0.5ml 12% TCA 0.5ml110% PDAB in 6N HCI,
2ml d.w., 450nm

0.1ml 10%TCA 0.1ml 10% PDAB in 6N
HCI, 0.6 ml, d.w., 440nm

procedure as Takahashi et al. (1978)

0.1 ml 12%TCA 0.1ml 10% PDAB in 6N
HCI, 438nm

References

Cecere et al. (1975)

Takahashi et al. (1978)

Shimizu et al.(1980)

Morin et al. (1986b)

Weber & Durham

(1996)
Gokhale et al. (1996)

Garcia & Azerad
(1997)
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15 min. for

enzyme

MeH= Methylhydantoin ; t= temperature; PDAB= p-dimethylaminobenzaldehyde; TCA = trichloroacetic acid, MeTHEtH=
methylthioethylhydantoin, IPrH= isopropylhydantoin., PH=phenylhydantoin
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Methods mentioned in table 1 and some other methods available in the
literature were studied and an assay method was designed with some modifications. 1
ml 0.15 M K-phosphate buffer pH 8.7 [0.15 M K,;HPO4 was dissolved in distilled
water, pH adjusted to 8.7], 1.5 ml substrate solution which contain 42.6 umoles
phenylhydantoin and 50 mg cells wet wt.(wet weight to dry weight ratio is 1:0.28)
were incubated with a starting pH of 8.7 at 30°C for 2.5 h. The reaction was
terminated by adding 0.2 ml 70% HCIO4 and centrifuged for 5 min. 1 ml of
supernatant and Iml 0.15 M K-phosphate buffer were mixed and centrifuged. After
10 min. 2 ml PDAB (p-dimethylbenzaldehyde) reagent [2% PDAB in 2N HCI] was
added to the supernatant. Optical density was measured at 438 nm. Activity was
expressed as pmoles of N-carbamoylphenylglycine formed per min. per gm cells (wet
weight).

Standard Graph

0.1ml- 2 ml 0.5% N-carbamoyl solution was used. Volume made to 2 ml
by 0.15 M K-phosphate buffer pH 8.7. 2 ml PDAB reagent was added to it and
optical density measured at 438 nm. A Standard graph, mg of N-carbamoyl vs. optical
density, was plotted (fig. 2).



Fig. 2: Graph of N-carbamoyl Vs Optical density
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Culture selection

Gokhale et al. (1996) have screened many cultures for D-hydantoinase
production and selected some cultures which hydrolyzed D,L-phenylhydantoin to D(-
)-N-carbamoylphenylglycine. We initiated our work using some of these cultures
[Pseudomonas sp. NCIM 2248, 2875, 2876]. The strains were maintained on nutrient
agar slants [beef extract 1, NaCl 0.5, peptone 1 and agar 2%, pH 7.0] at 4°C. Strains
were cultivated on a basal medium [Yeast extract 1, KH,PO4 0.15, K;HPO4 0.48,
MgSO, .7H,0 0.02, CaCl,.2H,0 0.002%, 0.1 ml stock trace element solution per 100
ml medium (Composition of stock trace element solution is: ZnSO4.7H,O 1.1,
FeS0O4.7H,0 0.1 MnSO4.H,0 0.6, CoSO4.7H,0 0.03, CuSO4 .5 H,0O 0.004, H3BO;
0.006 and KI 0.0001%) , pH 7.0]. Inoculum was developed in tube and flask
containing 10ml and 100 ml basal medium respectively and cultivated at 30°C and
220 rpm for 20 h. Every time 10% inoculum was used. It was transferred to 100ml
basal medium and grown at 30° C and 220 rpm for 24 h. Cells were centrifuged at
4°C for 20 min. Hydantoinase activity of cells was estimated. Pseudomonas sp.
NCIM 2875 had activity that was more than other two cultures therefore
Pseudomonas sp. NCIM 2875 was used for further study. Aim of this study was to
optimize a glucose based medium and parameters to increase hydantoinase activity.
Medium optimization

Experiments were performed to optimize medium composition for increasing
growth and hydantoinase activity. Basal medium the was starting point of this study.
From it, a glucose-based medium was developed. Carbon sources, nitrogen sources,
salts, inoculum age, harvesting time, C/N ratio, pH, temperature, inducers etc. were
optimized. Concentrations of ingredients were optimized. The entire study was
carried out in shake flasks. Inoculum was developed in a 10ml tube and added to
100ml basal medium and grown at conditions as mentioned earlier. Experimental
flasks were inoculated with this inoculum cultivated at 30°C and 220 rpm for 24 h.
They were harvested and centrifuged at 4°C for 20 min. Wet weight of cells was
measured and hydantoinase activity of cells determined.

Strain: Pseudomonas sp. NCIM 2875 used for study.



Table 2: Basal medium

Ingredients

Yeast extract

KH,PO4

K,;HPO4

MgS04.7H,0

CaCl,.2H,0

trace element stock solution

volume and pH

%

1.0

0.15

0.48

0.02

0.002

0.1 ml/ 100ml media
100ml; 7.0

pH of Basal Medium

Inoculum was developed in tubes and transferred to 100ml flasks containing

basal medium with pH 7.0. It was grown at 220 rpm and 30°C for 20 h. Basal medium

having pH 7.0, 7.5 and 8.0 was prepared and inoculated. It was cultivated at 220 rpm

and 30°C for 24 h. Every time 10% inoculum was used. Flasks were harvested and

cells collected by centrifugation. Hydantoinase activity of cells was determined. It is

presented in table 3.

Table 3: Effect of initial pH on Enzyme activity

pH
7.0
7.5
8.0
8.5

activity (units)
0.41
0.43
0.54
0.44

From table 3 it was clear that pH 8 gave the best results in terms of activity, however

as further experiments indicated, we obtained higher cell mass at pH 7.5. Since the



enzyme was intracellular, the need for quantifying enzyme activity vis a vis cell

growth was important.

(b) Replacement of yeast extract partly by peptone:

Yeast extract in basal medium was partly replaced by peptone. 1% yeast
extract in the basal medium was replaced with 0.2% yeast extract and 0.8% peptone.
We have used both pH 7.5 and 8.0. Activity of cells was estimated. Total weight of
cells grown at pH 7.5 was more and therefore the total activity per flask was 2.07
Units. Cell mass in flasks grown at pH 8.0 was much less therefore the total activity
per flask was 1.65 units. One observation was that while selecting different carbon

sources, a high sugar content resulted in a dramatic fall in pH

Carbon Sources

In an effort to replace yeast extract and peptone, which would incur a high
cost on scaling up, cheaper carbon sources were experimented with. Effect of
different carbon sources on growth and activity was investigated. The inoculum was
developed as mentioned before. Medium composition of experimental flasks was:
carbon source 1%, yeast extract 0.2, peptone 0.8, KH,PO, 0.15, K;HPO4 0.48,
CaCl,.2H,0 0.002% and trace element stock 0.1ml/100ml media, vol. 100ml, pH 8.0.
Cell were harvested at 24 hrs. Cells quantity was weighed and hydantoinase activity

of cells estimated. Results are presented in table 4.



Table 4: Use of carbon sources for hydantoinase production

Carbon Final pH Cells % Activity
source 1% (wet wt.) Units
Control 8.6 0.7 1.63
Glucose 7.6 1.35 1.93
Fructose 7.6 1.25 1.83
maltose 8.1 0.81 1.75
mannitol 7.6 1.6 1.76
glycerol 7.6 1.45 1.47
lactose 8.2 0.68 1.5
xylose 7.5 1.1 1.48
Sorbitol 8.6 0.71 1.39
citric acid 8.7 1.3 1.14
Sucrose 8.6 0.74 0.99

Nitrogen sources: organic nitrogen

Experiments were carried out using soya peptone, casein acid hydrolyzate,
soyabean meal, cottonseed meal and casein-soybean enzymatic digest in the medium
using the same inoculum procedure outlined earlier. Composition of experimental
flasks was: yeast extract 0.2, KH,PO, 0.15, K;HPO4 0.48, MgSO4.7H,O 0.02,
CaCl,.2H,O 0.002%, trace element stock solution 0.1 ml/100ml media and other
ingredients. Initial pH was 7.5 and 8. Cells were harvested after 24 h and wet weight

determined. Hydantoinase activity of cells was estimated. Results are given in table 5.



Table 5: Use of organic nitrogen sources for hydantoinase production

Other ingredients % Initial Final cells % (wet | Activity(unit
pH pH wt. s)

peptone 0.8 7.5 8.2 1.1 2.00

peptone 0.8; glucose 1 7.5 7.5 1.65 1.45

soya peptone 0 .8 7.5 8.3 0.75 1.19

soya peptone 0.8; glucose | 7.5 7.5 1.86 0.56

1

casein acid hydrolyzate | 7.5 7.5 1.5 0.3

0.8; glucose 1

soyabean meal 0.8; glucose | 7.5 7.4 1.6 0.6

1

cotton seed meal 0.8;|7.5 7.4 1.5 0.9

glucose 1

casein-soyabean enzymat. | 7.5 7.5 1.1 1.6

digest 0.8; glucose 1

peptone 0.8 8 8.6 1.2 1.60

peptone 0.8; glucose 1 8 7.7 1.1 1.62

soya peptone 0.8 8 8.6 1 1.33

soya peptone 0.8; glucose 1 | 8 7.8 1.82 1.56

casein acid hydrolyzate | 8 7.8 1.5 1

0.8; glucose 1

soyabean meal 0.8; 8 7.8 1.7 0.7

glucose 1

cotton seed meal 0.8;]8 7.8 1.2 1.3

glucose 1

casein-soybean enzymatic | 8 7.8 1.1 1.7

digest 0.8; glucose 1




Activity decreased at initial pH 7.5 when glucose was used but remained
unaffected at pH 8.0. Casein-soyabean enzymatic digest with glucose had comparable
activity with control at both pH. Soya peptone with glucose has comparable activity
with control at pH 8.0. Casein acid hydrolyzate, soybean meal and cottonseed meal

with glucose had less activity than control when grown at both the values of pH.

Nitrogen sources: inorganic nitrogen

Different inorganic nitrogen sources were used as major nitrogen source while
yeast extract and peptone were used in small amounts, following standard inoculum
procedure. Experimental media composition was: KH,POs 0.15, K,;HPO4 0.48,
MgS0,4.7H,0 0.02, CaCl,.2H,0 0.002%, trace element stock solution 0.1 ml/100ml
and other ingredients. Initial pH of medium was adjusted to 7.5. Cells were harvested
after 24 h and analysed. Results are shown in table 6. We have replaced NaNOs by

KNOj; and experiment was carried out. Results are given in table 6A.

Table 6: Effect of inorganic nitrogen sources on hydantoinase activity

Other Ingredients % Final Cells % | Activity
pH (wet (units)
wt.)

Yeast extract (YE) 0.2; peptone (pep.) 0.8 8.7 0.9 2.10
YE 0.2; pep. 0.8; glucose 1 7.4 1.4 1.54
YE 0.1; pep. 0.1; glucose 1; (NH4),SO4 0.8 6.8 0.98 0.96
YE 0.1; pep.0.1; glucose 1; NH4C1 0.8 6.9 0.97 1.67
YE 0.1; pep. 0.1; glucose 1; NaNO; 0.75 8 0.95 2.36
YE 0.1; pep.0.1; glucose 1;NH4H,PO4 1.25 7.3 0.85 0.5
YE 0.1; pep. 0.1; glucose 1; urea 0.4 7.5 0.97 0.24
YE 0.1; pep. 0.1; glucose 1; urea 0.2;|6.9 1.18 0.28




(NH4)2S04 0.6

YE 0.1; pep. 0.1; glucose 1; urea 0.6;| 7.3 1.16 0.3
(NH4)2,S04 0.2

YE 0.1; pep. 0.1; glucose 1; urea 04;|7.4 1.15 0.29
(NH4),S04 0.4

YE 0.1; pep. 0.1; glucose 1; NH4NOs 1 4.8 0.25 0.09
YE 0.1; pep. 0.1; glucose 1; (NH4),CO3 0.75 8.7 0.18 -

Table 6 A: Comparison of NaNO3; and KNO;

Ingredients Final Cells % (wet | Activity

% pH wt.) (Units)
NaNO3 0.75 | 8 1.02 2.45
KNOs 1 7.8 1.0 2.38

Effect of inoculum tube age; inoculum flask age and harvesting time

The inoculum age of tube, flask and harvesting time are factors affecting the
synthesis of hydantoinase activity. Therefore in the experiments mentioned below
inoculum tube age, inoculum flask age and harvesting time were optimized.
Experimental medium composition was: yeast extract 0.1, peptone 0.1, glucose 1,
NaNO; 0.75, KH,PO4 0.15, K;HPO4 0.48, MgS0O4.7H,0 0.02, CaCl,.2H,0 0.002%
and trace element stock solution 0.1 ml/100ml. This medium is named as medium A.
Initial pH of medium was adjusted to pH 7.5. Results are presented in figure 3A and
3B.



Fig. 3A: Effect of inoculum age on hydantoinase activity

3.5

3.0 - —A— |noc. tube age (hrs.)

- —HMH— |noc. flask age (hrs.
. ge (hrs.)

2.0 é%f%\ .,

1.5 -
1.0 -
0.5
0.0 I A

Hydantoinase Activity: Units

| |
14 16 18 20 22
Inoc. tube age / Inoc. flask age in hrs.

Figure 3 A: Optimum inoculum tube & inoculum flask age



Fig. 3B: Effect of harvesting time
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Figure 3 B: Effect of harvesting time on growth and hydantoinase activity



Effect of different inorganic salts

The effect of different inorganic salts on hydantoinase activity was
investigated. Tubes and flask were inoculated with culture having an age of 20 hrs.
Medium A with different concentrations of FeSO4.7H,0; Fe( NO)3.9H,0;
ZnS04.7H,0; MgS04.7H,0; CaCl,.2H,0; H3BOs; MnSO4.H,O and trace elements
stock solution was used. Initial pH was 7.5. Flasks were harvested after 27 h and the
hydantoinase activity determined. It was observed that hydantoinase activity was
unaffected by increasing salt concentrations.

Effect of pH
Inoculum tube and flask age =20 h
Experimental medium =Medium A
Initial pH = 7.0 -9.5

Harvesting time =27 h

Effect of yeast extract & peptone

In control experiment medium A with initial pH 8 was used. We obtained 3.15
units activity. 3 units activity was obtained when yeast extract and peptone were
omitted from medium. This indicates that yeast extract and peptone has minor effect
or no effect on hydantoinase activity. Still we have used small amounts (0.1%) of

yeast extract and peptone in medium to fulfil trace requirements of culture.
Effect of temperature

Medium A with initial pH 8 was used. Experiments were performed at
30°C, 35°C and 40°C. At 35°C and 40°C negligible growth, and no activity were
observed, indicating that the culture is sensitive at higher temperatures. At 30°C a

hydantoinase activity of 2.9 units was obtained.



Effect of inducers

Medium A was used with initial pH 7.5. Inducers were added to medium A
to find out their effect on enzyme activity. Dihydrouracil, hydantoin and
phenylhydantoin were used as inducers with different concentrations. Hydantoinase
activity was determined (fig.5).

Effect of C/N ratio

Effect of Carbon: Nitrogen (C/N) ratio on growth and hydantoinase activity
was studied. Medium A was used and the quantity of NaNOs was changed to adjust
the C/N ratio. Initial pH was adjusted to 7.5. Results are presented in fig. 6.
Figure 4: Effect of pH
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Fig. 4: Effect of pH on growth and hydantoinase activity.



Figure 5: Effect of inducers
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Figure 6: Effect of C/N ratio
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Growth under optimum condition

Pseudomonas sp. 2875 was cultivated on an optimized medium under
optimized culture conditions. An inoculum grown for 20 h was used. Optimized
medium composition was: glucose 1, KH,PO4 0.15, K;HPO4 0.48, NaNOs 1.5, yeast
extract 0.1, peptone 0.1, MgS0,4.7H,0 0.02, CaCl,.2H,0 0.002%, trace elements 0.1
ml per 100ml and hydantoin 0.03%. Flasks were harvested at 27 h. 1.27% cells (wet

weight) were obtained having a total hydantoinase activity of 4.63 units.

Comparison of NB-medium with optimized medium

Comparison of hydantoinase activities obtained by growing Pseudomonas
sp. 2875 on NB (nutrient broth) medium and optimized medium, was done. We have
obtained 3.69 and 4.46 units activities using nutrient broth and optimized medium

respectively.

Discussion

Carbon sources

All studies were carried out in shake flasks. Three cultures (Pseudomonas sp.
NCIM 2248, 2875 and 2876) were tested for hydantoinase production but it was
observed that Pseudomonas sp. NCIM 2875 had more activity than other two
cultures. Therefore Pseudomonas sp. NCIM 2875 was selected for further study.
When basal medium with different pH 7.0, 7.5, 8.0 and 8.5 was used for hydantoinase
production we observed that pH 8.0 was best (table 3). The quantity of yeast extract
in the medium was reduced from 1% to 0.2% and at the same time 0.8% peptone was
introduced in basal medium. Increased in enzyme activity was observed because of

the addition of peptone.



Cultivation of Pseudomonas sp was conducted using glucose, fructose,
maltose, mannitol, glycerol, lactose, xylose, sorbitol, citric acid and sucrose as carbon
sources. Experiments were carried out at pH 8, because of high pH drop encountered
during growth Results presented in table 4. indicated respectively 30.06 and 39.26%
less activities were obtained than the control when citric acid and sucrose were used
as carbon source. Glycerol, lactose, xylose and sorbitol gave 9.81, 7.97, 9.2 and 14.72
% less activities than control respectively. With glucose, fructose, maltose and
mannitol the hydantoinase activity increased by 18.4, 12.26, 7.36 and 7.97%
respectively than the control. Glucose flasks showed more hydantoinase activity than
all used carbon sources. Cell yield was nearly doubled by glucose. Maximum cell
yield was observed with mannitol. From the results we decided to use glucose as

carbon source for further work.

Cotoras and Wagner (1984) have carried out growth of Agrobacterium
radiobacter BH 20 using different carbon sources. They have used Agrobacterium
radiobacter BH 20 in preparation of L-amino acids. Hydantoinase activity of
Agrobacterium radiobacter BH 20 was significantly increased by fructose but in our
case we obtained little increase. By using fructose they obtained 4.5 times more
activity than glucose but we had similar activities on both substrate. Using glycerol
and sucrose Cotoras and Wagner (1984) had obtained 17 and 20% activities but we
had 76.16 and 51.29 % activities respectively as compared with glucose. Morin et al.
(1986b) have grown Pseudomonas fluorescens DSM 84 and used it in the preparation
of N-carbamoyl-valine. They observed 76.92, 41.66 and 39.74 % less hydantoinase
activities than control using glucose, glycerol and fructose respectively but we had
18.4 and 12.26% more activities than control using glucose and fructose respectively
and by using glycerol 9.81% less activity than control. Morin et al. (1986b) observed
7.05, 11.53 and 5.12 % less activities using sorbitol, maltose and molasses are
comparable with control respectively. Weber and Durham (1996) had carried out
growth of Agrobacterium tumefaciens using glucose and maltose. They had used cell

extracts to hydrolyze phenylhydantoin.



Garcia and Azerad (1997) grew hydantoinase-producing microorganisms on
media containing 1% sachharose. Achary et al. (1997) carried out growth of
Agrobacterium radiobacter NRRL B 11291 using different carbon sources.
Agrobacterium radiobacter NRRL B 11291 produces hydantoinase which hydrolyses
p-hydroxyphenylhydantoin. Agrobacterium radiobacter NRR1 B11291 had little more
activity than control when grown on fructose while we have also got similar trend.
Acharya et al. (1997) obtained significant increase in activity than control using
sucrose, glucose, maltose, mannitol, lactose and glycerol. Siemann et al. (1999)
cultivated Arthrobacter crystallpoietes DSM 20117 on media containing sodium
lactate and citric acid. It produced D-hydantoinase which converted D,L-
phenylhydantoin to its N-carbamoyl Lee et al. (1997) used glycerol as carbon source

for D-hydantoinase production from recombinant E. coli.

Nitrogen sources

Results obtained using organic nitrogen in medium are cited in table 5. When
peptone was used with glucose as carbon source, enzyme activity at pH 7.5 was lower
than that of the control but at pH 8.0 activity was comparable with control. When
soya peptone was used with glucose at pH 7.5 activity decreased by 61.37% but at pH
8.0 it was found to be comparable with control. When peptone was replaced by casein
acid hydrolysate, soybean meal and cottonseed meal enzyme activities were less than
those of the control. When casein-soybean enzymatic digest was used in above media,
activities were comparable with those of control at both pH values. Peptone and soy
peptone were found to be good nitrogen sources. Siemann et al. (1999) had grown
Arthrobacter crystallpoietes DSM 20117 on media containing 0.1% yeast extract.
Morin et al. (1986a) observed more activity on yeast extract and less on peptone,

which is contrary to our results.

Different inorganic nitrogen sources [(NH4),SO4, NH4Cl, NaNOs, NH4H,;POy,
NH4NO;, (NH4),CO3, KNO;3 and urea] were used in the medium. Yeast extract and

peptone were used in small amounts (0.1%). Results are presented table 6 and 6A. No



activity was observed for ammonium carbonate. Poor activities were obtained using
ammonium nitrate, urea, urea + ammonium sulphate, and ammonium dihydrogen
phosphate. Less activity was obtained with ammonium sulphate. Activity comparable
with control was observed with ammonium chloride. More activities were achieved
by using NaNOj; and KNOs but cell yield was less than control. NaNO; and KNO; are
good nitrogen sources. NaNOj has little more activity than KNO;, Therefore we have
selected NaNOj as nitrogen source. Thus yeast extract and peptone can be replaced
by inorganic nitrogen sources. It was decided, however, to use yeast extract and
peptone in small amounts (0.1%) in order to supplement trace requirements. Morin et
al. (1986b) have used NaNOs, NH4NO3 and (NH4);POy4 as nitrogen sources but they
did not obtain growth while we found growth and activity on NaNO;. We observed
poor growth and negligible activity on NH4NO;. Achary et al. (1997) have cultivated
Agrobacterium radiobacter NRRL B 11291 on different nitrogen sources (NH4NOs3,
KNO;, NaNOs, NH4Cl, (NH4),SO4 and NH4CH3COQ) They observed more activity
on NH4CH3;COOQ. All other nitrogen sources, except KNOs, had activity in range of
10-12.5 U/ml. Contrary to our observation they obtained more activity using NH4Cl
than NaNOs. Using NH4NO;3 we had poor activity but they had more activity. Achary
et al. (1997) obtained good activity with (NH4),SO4 while we had less activity than
control. Cotoras and Wagner (1984) observed good activity on (NH4),SO4. West
(1997) obtained 21 fold increase in dihydropyrimidinase activity of Burkholderia
cepacia ATCC 25416 by replacing ammonium sulfate with pyrimidine or
dihydropyrimidine bases.

Inoculum age and harvesting time

Optimization of inoculum age of tube inoculum and flasks inoculum was done
( Fig.3A). The optimum time was found to be 18-20 h for tube and flask inoculum.
Harvesting time was optimized (fig. 3B). Optimum time of harvesting is 27 h. When
Weber and Durham (1996) grew Agrobacterium tumefaciens ATCC 55632 in
fermenter, they reported an optimum harvesting time of 18-24 h. They used a cell

extract of Agrobacterium tumefaciens ATCC 55632 for hydrolysis of



phenylhydantoin. An inoculum with an age of 42 and 45 h, was used by Siemann et

al.(1999). Siemann et al. (1999) have used 27 h harvesting time for fermenter.

Salt concentrations

Effect of different concentrations of MgSO47H,0; FeS04.7H,0;
Fe(NO3);.9H,0O; CaCl,.2H,0; ZnS04.7H,0; H3BO; ; MnSO4.H;O and trace
elements stock solution on hydantoinase activity were studied. We did not observe
any discernable effect of salt concentrations on enzyme activity. Cotoras and Wagner
(1984) carried out growth of Agrobacterium radiobacter BH 20 and found 0.001%
MnSO4.H,O was an essential constituent of the medium. Syldatk et al. (1987)
reported that Mn"? was required for hydanoinase activity of Arthrobacter sp. BH 20.
Yungjin Ind., Korea (1992) observed an increase in activity for K;HPO4. Weber and
Durham (1996) used Ca and Mg in their medium for growth of Agrobacterium
tumefaciens ATCC 55632. Achary et al. (1997) have observed increase in
hydantoinase activity by Mn (0.005%). Our observations show no discernable effect
of Manganese concentration on hydantoinase activity. Achary et al. (1997) observed
that Fe, Zn and Co concentrations had no effect hydantoinase activity an observation
supported by our data. Siemann et al. (1999) grew Arthrobacter crystallpoietes DSM
20117 on medium containing Ca, Mg, Zn and Mn.

pH

Effect of pH on cell growth and hydantoinase activity was investigated.
Maximum activity was observed at pH 8.0 and cell yield at pH 7.5 (fig.4). Although
activity at pH 7.5 was less than pH 8.0, we have used pH 7.5 because cell yield is
more than that at pH 8.0. Durham and Weber (1995) have used pH 7.2 for growth of
Agrobacterium tumefaciens 47C. Siemann et al. (1999) used pH 7.0 for growth of
Arthrobacter crystallpoietes DSM 20117.



Temperature

Pseudomonas sp. NCIM 2875 was cultivated at 30°, 35° and 40°C. We
observed negligible growth and enzyme activity at 35°C. There was no activity and
almost no growth at 40°C . Temperature 30°C was found to be best for growth and
hydantoinase activity. Gokhale et al. (1996); Garcia and Azerad (1997) and Siemann
et al. (1999) have used 30°C temperature for growth. Weber and Durham (1996) have
grown Agrobacterium tumefaciens ATCC 55632 at 28°C. D-hydantoinase activity of
Bacillus stearothermophilus SD-1 is stable at 55°C. It forms N-carbamoyl from
hydantoin derivatives [Kim et al.(1997¢)].

Yeast extract and peptone

Pseudomonas sp. NCIM 2875 was cultivated on medium with and without
yeast extract and peptone. Hydantoinase activities were compared. It was observed
that when yeast extract and peptone were omitted from medium 4.76% less activity
was obtained. It seems that requirement of yeast extract and peptone is restricted to
small amount that may supply essential co-factors. Therefore only small amounts of
yeast extract and peptone (0.1%) were used in the medium to avoid co-factor
deficiency. Weber and Durham (1996) grew Agrobacterium tumefaciens ATCC
55632 in a medium containing yeast extract and peptone in the range 0-1%. Siemann

et al.(1999) used 0.1% yeast extract in their medium.
Inducers
Phenylhydantoin, dihydrouracil and hydantoin were tested as inducers in the

medium. No significant increase in enzyme activity was achieved using inducers. 17-

27% increase in activity was obtained by using 0.03-0.2% hydantoin as inducer (fig.



5). 0.03% hydantoin was used as inducer in the medium. Yamada et al. (1978) have
reported 3-fold increase in activity by using 0.1% uracil as inducer. Morin et al.
(1986b) and Siemann et al. (1999) have used 0.1% hydantoin as inducer but Morin et
al. (1999) did not find increase in activity. Agrobacterium tumefaciens ATCC 55632
required 0.1-1% hydantoin as inducer in medium [Weber and Durham (1996)].
Cotoras and Wagner (1984) observed that 0.025% 5-indolylmethylhydantoin acted as
an inducer  for their culture. Syldatk et al. (1987) found that D,L-5-
indolylmethylhydantoin acted as an inducer whereby increased hydantoinase activity
was obtained for Arthrobacter sp. BH 20. Young-Jin Pharm. Industry, S. Korea
(1991) reported that 0.3% dihydrouracil was essential as inducer for Streptomyces sp.
Y-183 but in case of our culture we found negligible increase in activity by
dihydrouracil. Meyer and Runser (1993) studied the effect of 2,4-thiouracil as
inducer on enzyme activity of Agrobacterium sp. 1P 1-671. They found that
hydantoinase activity increased by 40 fold and activity of N-carbamoylamino acid
aminohydrolase by 15 fold. Morin et al. (1995b) observed that 0.005% thymine acted
as an inducer and increased enzyme activity of P. putida DSM 84 by 80 fold in
continuous culture. Garcia and Azerad (1997) used 2-thiouracil as inducer. Li and Hu
(1999) found 30 times increase in activity using methylthioethylhydantoin as inducer

when they grew P. putida 9801.

C/N ratio

Optimization of C/N ratio was studied. Maximum activity was achieved at a
C/N ratio 1.62. At this ratio the concentration of NaNQOjs in the medium was 1.5%.
Cell yield decreased (fig.6). Pseudomonas sp. 2875 was grown on an optimized
medium and under optimized conditions, when 4.63 units hydantoinase activity and
cell yield 1.27% (wet wt.) was achieved. Ratio of wet weight of cells to dry weight
cells was found to be approx. 1:0.28. When activity was calculated on basis of per mg
of dry weight cells then hydantoinase activity was 0.0165units (micromoles of N-

carbamoylphenylglycine formed per min. per mg dry weight cells)



Table 7: Comparison of activities

Culture activity (units) Temp. References
’C
Agrobacterium tumefaciens CIP67.1 0.0138 units* 50 Garcia and
Pseudomonas sp. ATCC 43648 0.200 units* 50 Azerad
Pseudomonas fluorescens CIP69.13 0.0152 units* 50 (1997)
Arthrobacter  crystallpoietes DSM 17.9 U/g (dry wt. 50 Siemann et
20117. cells)** al. (1999)
Pseudomonas sp. NCIM 2875 0.0165 units* 30 present
study
Pseudomonas sp. NCIM 2875 16.53U/g (dry wt. 30 present
cells)** study

*units = micromoles of N-carbamoylphenylglycine per min. per mg dry weight cells.

** units = U/g (dry wt. cells)

From table 7 it was clear that our culture had more activity than
Agrobacterium tumefaciens CIP 67.1 and Pseudomonas fluorescens CIP 69.13 but
less than that of Pseudomonas sp. ATCC 43648. We obtained a cell yield 3.55 g/l
(dry wt.) while Siemann et al. (1999) obtained 2.8 g/l for their culture. We obtained
less activity as compared to the results of Siemann et al. (1999). Shimuzu et al. (1980)
carried out biotransformation of hydantoin derivatives using cells of Pseudomonas
straita IFO12996. This strain converted 2-thienylhydantoin at the maximum reported
rate. However the rate for phenylhydantoin conversion was less. Bioconversion of
phenylhydantoin was carried out by Garcia & Azerad (1997), Durham Weber (1995),
Keil et al. (1995) and Lee et al. (1994) using hydantoinase enzyme at a higher
temperature. Bioconversion of phenylhydantoin and other compounds was reported

by Yamada (1998).

Pseudomonas sp. NCIM 2875 was cultivated on nutrient broth (NB) medium
and optimized medium. We observed 20% more activity for the optimized medium.

This glucose based optimized medium with small supplementation with yeast extract



and peptone can be called as semi-synthetic. In our study we observed that yeast
extract and peptone could be omitted from the medium but this adversely affected
growth and enzyme production. 0.1% yeast extract and peptone in the medium was
able to fulfill trace requirements. Table 8 cites media used by various researchers for
production of hydantoinase. In this discussion we have classified media into three

categories.

1)Complex: Medium containing complex ingredients as major carbon and nitrogen
source.

ii) Semi-synthetic: Medium containing mainly synthetic ingredients with
small quantities of complex ingredients.

ii1) Synthetic: Medium containing only synthetic ingredients.

Table 8
Medium medium composition references
type
complex polypeptone, yeast extract, meat Lee et al.(1994)
extract, peptone, salt-media
complex nutrient broth Gokhale et al. (1996)

complex peptone 1, yeast extract 1%, (NH4)2SO4 Weber & Durham (1996)
0.5% , salt-media

complex nutrient broth Sudge et al.(1998)

semi- glucose, yeast extract, salts-media Olivieri et al.(1981)
synthetic

semi- fructose, yeast extract, ammonium Cotoras & Wagner (1984)
synthetic sulphate, inducer, salt-media

semi- glucose, yeast extract, ammonium Yokozeki et al. (1987a)
synthetic sulphate, salts-media

semi- yeast extract, peptone, amm. sulphate, = Weber & Durham (1996)
synthetic succinate, glucose, maltose, inducer,

salt-media




semi-
synthetic
semi-
synthetic
semi-

synthetic

peptone, yeast extract, sachharose,

yeast extract, carbon sources, salts-

sodium lactate, citric acid, yeast

inducer, salt-media

media

extract, amm. sulphate, inducer, salt-

media

semi-
synthetic
synthetic

glucose, NaNOs, 0.1% yeast extract,

glucose, inorganic nitrogen sources,

0.1% peptone, inducer, salt-media.

salts-media

Garcia & Azerad (1997)

Achary et al. (1997)

Siemann et al.(1999)

present study

Achary et al. (1997)

Besides the above media compositions some more examples are cited in table 9.

Table 9

Source

P. striata IFO
12996

P. striata
IFO12996

P. putida 73104

Arthrobacter
DK200
Bacillus brevis
IFO 12333
Agrobacterium
EO III

P. putida DSM
84
Flavobacterium

HP-27

medium and growth conditions

meat extract, glycerol-medium, 0.1% uracil
30°C, 18 hrs.

meat extract, YE, pep, uracil-medium, 33°C,
24 hrs.

YE-lactic acid-medium with 5-Me-H
inducer 0.2%, 28°C, 13.5 hrs.

YE, Pep, glucose, N-carbamoyl tryptophan-
medium 30°C, 20 hrs.

YE-salts medium

complete medium, 35°C

Yeast extract, glycerol, salts-medium

glucose-CSL-medium, 26°C, 48 hrs.

references
Yamada et al.
(1979)
Yamada et al.
(1978a)

Sun (1983b)

Kitagawa et
al.(1985)
Powell & Power
(1988)

Ohleyer (1989)

Chevalier et
al.(1989a)
Nakayama &
Ozawa(1990)




Agrobacterium  sucrose, peptone, yeast extract, salts- Runser et

sp. IP-1671 medium 30°C, 20 hrs. al.(1990)

Peptococcus opt. pH=6.5-9.5, opt. temp. 60°C; pH Morin et

anaerobius stability =5-9.5, temp.55°C; storage stability al.(1991)

CRDA 303 4°C 14 days in aerobic condition.

Pseudomonas glucose, yeast extract, salts-medium, pH Kim et al.(1994)

sp. KBEL101 5.5, temp. 30°C

Agrobacterium  sucrose, peptone, yeast extract, salts, Kim & Kim

sp. 1671 inducer medium, pH 7.0 & 30°C for 14 h (in  (1995b)
fermenter)

P. nutrient broth, 18-20 h Gokhale et

desmolyticum al.(1996)

NCIM 2112

recombinant glucose/glycerol, yeast extract, citric acid, Lee et al.(1997)

E. coli (NH4),HPO,, salts-medium.

Pseudomonas nutrient broth with 2% NaCl Sudge et al.

sp. NCIM 5109  opt. pH 6.5-9, temp.25°C (1998)

(halophilic)

P. putida D YE-glycerol-medium, 5-Me-Th-Et-H Lietal. (1999)
inducer, 280C, 18 h

Pseudomonas molasses and CSL, 16-20 h Gokhale et al.

sp. NCIM 5070 (2000)

ATCC55940

opt.= optimum; temp.= temperature; YE = yeast extract; pep = peptone; Me-H=

methylhydantoin; Me-Th-Et-H=methylthioethylhydantoin.

Complex, semi-synthetic and synthetic media were used to produce
hydantoinase by several researchers. In complex medium nutrient broth, yeast extract,
meat extract, peptone, polypeptone etc. are used. In semi-synthetic medium
researchers have used glucose, sachharose, sodium lactate, citric acid etc. as carbon

sources in the range of 0.075-2%.



Conclusion

A glucose based medium was optimized.. Growth parameters like pH, temp.
inoculum age etc. were studied to achieve maximum growth and hydantoinase
production. Medium composition was glucose 1, NaNO; 1.5, yeast extract 0.1,
peptone 0.1, hydantoin 0.03% and other ingredients. Optimum pH and temp. were 7.5
and 30°C respectively. Maximum cell yield and hydantoinase activity were 12.7 g I'" (
wet wt.) and 4.63 units respectively. This activity was higher than activity obtained
by cultivating cells on nutrient broth (complex medium). Also this activity was higher
than the basal medium. The complex medium was replaced by a glucose based
medium supplemented with 0.1% yeast extract and peptone. Quantities of yeast
extract and peptone were low. By minimizing the concentration of peptone and yeast
extract, and including glucose and inorganic nitrogen sources the cost of the medium

was substantially decreased.



Chapter 3

Extraction of hydantoinase



Summary

Cells of Pseudomonas sp. NCIM 2875 were exposed to different
concentrations of solvents, detergents and EDTA. Hydantoinase enzyme was
extracted from treated cells into buffer. Extractions were performed using various
contact times and buffer extraction times. 11.37% extraction was obtained with
EDTA treatment. 24.05 and 24.1% extractions were achieved with tween-80 and
sodium dodecyl sulphate treatment respectively. Among the solvents used, ethanol
and ethyl acetate treatment have shown maximum extractions i.e. 31.42 and 33.63%

respectively.

Introduction

Enzymes are either extracellular or intracellular. Cells can also be used to
carry out reactions. When enzymes are bound to cell wall, reactions are faster
however when they are substrate has to intracellular . But when they are not bound to
cell wall, substrate has to penetrate cell wall, thus reaction rate is slower. In some
cases substrate is large therefore it cannot penetrate the cells, in such cases it is
necessary to extract the enzyme. This is done by various methods such as certain
chemicals to increase pore size to facilitate penetration by substrate. When enzyme
is taken out of the cells and used, the reaction rate is faster. Different methods have
been used to break cells [Vadehra et al. (1965); Coakley et al. (1977), Darbyshire
(1981), Felix (1982); Hustedt et al. (1984); Atkinson et al. (1987); Brummer and
Gunzar (1987); Naglak et al. (1990); Schutte and Kula (1990,1993); Price (1992);
Xiu et al. (1994)]. Patil and D'souza (1997) have studied permeabilization of
Haloarcula vallismortis, a halophilic archaebacteria, using enzymatic, physical and
chemical methods where they have estimated activity of glyceraldehyde-3-phosphate
dehydrogenase.



Cells are disrupted by three methods i.e. physical, chemical and enzymatic. In

physical method use of ball mill, ultra-sonication, pressure etc. is done to break cells

(table 1A). In chemical method solvents, detergents etc. are used for rupturing or

permeabilization of cells (table 1B). In enzymatic method use of lysozyme, chitinase

etc. is done. In some cases two methods are combined to break the cells. Some

researchers have coupled extraction with enzyme separation method to increase cell

disruption.

Table 1A: Physical methods

Disruption of

Methods

Reference

Microbial cells

(b-galactosidase)

Biotex X-25 app., thermal shock & dyno-

mill

Poznanski et al.

(1979)

(glucose isomerase)

Selenastrum pyrex grinder & cell homoginizer Rehnberg et al.
capricornutum (1981)
(chlorophyll)

Streptomyces Pressure disruption, grinding, | Gavristov et al.
albogriseolus ultrasonication and autolysis (1981)

Bacillus subtilis 21/3
(hexamethylene

diamine-degrading

grinding in sand, ultrasonication, freezing
and thawing, homogenization and electric

field

Roi et al. (1982)

enzyme)

E. coli ballistic, ultrasound, hydroextrusion and | Mikhaleva
cryoextrusion. (1983)

microorganisms Netzsch LME 20 mill and Manton Gaulin | Schuette et al.
M3 homogenizer (1984)

Bacillus ultra-sonication, autolysis and ball | Cumming et al.

amyloliquefaciens milling. (1985)

Candida  tropicalis | Freeze-blast method Omori et al

pK 233 (1989)




microorganisms dynomill Xiu and Su
(1994)

yeast cells high pressure CO, McLean and
Schaschke
(1996)

yeast cells hydrodynamic cavitation Save et al
(1994)

Lactobacillus  casei | microfluidizer Choi et al

Sp. casei (1997)

(aminopeptidase)

Saccharomyces microwave heating Liu et al. (2000)

cerevisiae

(trehalose)

E. coli ATCC 11105 | sonication Kheirolomoom

(penicillin G et al. (2001)

acylase)

Table 1B: Chemical methods

(penicillin G acylase)

HCIl, guanidine-HCI/EDTA,
lysozyme and

lysozyme/EDTA

Disruption of Chemicals References

Saccharomyces cerevisiae | alcoholic  solvent  e.g. | Tan et al. (1996)

(superoxide dismutase) isopropanol

Kluyveromyces lactis chloroform-ethanol Lou and Chen (1999)

(lactase)

Alcaligenes eutrophus surfactant-chelant. Chen et al. (1999)

bacteria Alkaline solution Yokoyama and Inoue
(2000)

E. coli ATCC 11105 toluene/EtOH,  guanidine- | Kheirolomoom et al.

(2001)




Downs (1983) has isolated polysaccharides by disrupting cells of
Pseudomonas NCIB 11592 by using Na dodecyl sulfate followed by protease
treatment. Tokuyama Soda Co., Ltd., Japan (1984) carried out disruption cells of
Streptomyces avellaneus R20 suspended in solvents (alcohol, ketones) and buffer
using Dynomill. They have used water-soluble organic solvents. Harrison et al.
(1991) pretreated cells with different chemicals e.g. anionic detergents, EDTA, pH
treatment; lysozyme before homogenization to get more disruption. Liu et al. (1996)
have disrupted cells of Corynebacterium crenatum 6282 by giving lysozyme
treatment to cells before sonication. Nandakumar et al. (2000) found that cell

disruption increases by giving tween-80 treatment before sonication or grinding cells.

Xiu and Su (1993) have isolated alcohol dehydrogenase from Saccharomyces
cerevisiae by  disrupting cells by Dyno-mill and aqueous two-phase system
simultaneously. Barthomeuf et al. (1994) have extracted tannase by disrupting cells of
Aspergillus niger LCF 8 followed by extraction with reverse micellar. Su and Feng
(1999) have isolated alcohol dehydrogenase by combining disruption of cells by ball

mill and aqueous two-phase system.

The methods like sonication, dynomilling etc. are energy intensive, costly,
immobile and very skillful. Still they are used in majority of the cases because other
methods have some disadvantages and also not studied in detail. In some cases
chemical and enzymatic methods are used successfully. In chemical method solvent
immflammation and hazardness limits the use. Enzymatic method is costly. In
chemical method if mild conditions are optimized and hazardness is reduced then it
will be very useful for breaking of cells. Fenton (1982) has studied release of beta-
galactosidase from yeast cells using different solvents. Vadehra et al. (1965) have
isolated enzyme from bacterial cells using solvents for cell-rupture. Extraction by
chemical methods is cheaper, easy and can be reproduced anywhere. Therefore we
have attempted this approach for our study. Literature regarding the use of solvents

and detergents for disruption or permeabilization of hydantoinase producing cells is



cited in discussion. This chapter covers work carried out for extraction of
hydantoinase from cells. We have used various solvents and detergents to rupture or
permeabilize the cells of Pseudomonas sp. 2875 followed by extraction with buffer

where hydantoinase is extracted from ruptured or permeabilized cells into buffer.

Materials and Methods

Chemicals

Distilled solvents and AR grade chemicals were used. Other chemicals are

same as mentioned in materials and methods of chapter 2.

Strain

Pseudomonas sp. NCIM no.2875, obtained from NCIM (Pune), was used for
study. It was maintained on nutrient agar [beef extract 1, NaCl 0.5, Peptone 1 and

agar 2 %, pH 7.0].

Growth

We have used basal medium [yeast extract 1, KH,PO4 0.15, K;HPO4 0.48,
MgS04.7H,O 0.02, CaCl,.2H,O 0.002% and trace element stock solution 0.1
ml/100ml, pH 7.0] for inoculum development.

10% inoculum was used. The composition of trace element stock solution is
mentioned in chapter 2. 10 ml basal medium was inoculated and cultivation carried
out at 30°C and 220 rpm for 20 h. 100 ml basal medium was inoculated with this and
growth carried out at above conditions. 100 ml experimental medium [Composition:
glucose 1, yeast extract 0.1, peptone 0.1, NaNO; 1.5, KH,PO4 0.15; K;HPO,4 0. 48;
MgS0,4.7H,0 0.02; CaCl,.2H,0 0.002 %; trace element stock solution 0.1 ml/100ml
and hydantoin 0.03%, pH 7.5.] was inoculated with this inoculum and above

conditions used for growth. It was harvested at 27 h and cells were collected by



centrifugation for 20 min. Weight of wet cells was measured and hydantoinase

activity of cells estimated. Cells were used for extraction experiments.

Hydantoinase activity of cells

Hydantoinase activity of cells was estimated by method used in chapter 2.

Hydantoinase activity of enzyme

1 ml enzyme and 1.5 ml substrate solution which contain 42.6 pmoles
phenylhydantoin were used in assay. Further procedure is as like activity of cells.
Hydantoinase activity is expressed in units (umoles of N-carbamoylphenylglycine

formed per min. per enzyme released from equivalent gm wet weight cells).

Extractions

Different solvents, detergents and EDTA (ethylenediaminetetraacetic acid)
were used for cell rupture or permeabilization followed by buffer extraction where
buffer extracts hydantoinase enzyme from treated cells of Pseudomonas sp. NCIM
2875. Concentrations, contact time and buffer extraction time were optimized.
Solvents tested for cell treatment were: methanol, ethanol, isopropanol, butanol,
isoamyl alcohol, acetone, ethyl acetate, toluene, xylene, hexane, cyclohexane,
dichloromethane, ethylene dichloride, dimethyl sulfoxide etc. The detergents studied
for cell disruption were sodium dodecyl sulphate, triton X-100 and tween-80. Use of

ethylenediaminetatraacetic acid (EDTA) was also tried for cell disruption study.



A] Solvents

1) Toluene

a) Use of cell slurry

Experiments were performed using 10% cell slurry. Extraction was
carried out using toluene concentrations 1-7.5 % at 220 rpm for 3, 4.5, 6 and 7.5 h.

Supernatant was separated by centrifugation and hydantoinase activity determined.

b) Use of cells (not slurry)

0.5 g cells (wet) were weighed. Toluene was added to have final concentration
5, 15,20 and 35% w/w [weight (wet wt.) of cells + weight of toluene = total weight.
w/w % of toluene = weight of toluene*100 /total weight]. 0.75-6 h contact time was
studied. 5 ml 0.15 M K-phosphate buffer pH 8.7 was added to it, mixed and incubated
at 30°C, 220 rpm for 10 and 15 h. Supernatant was separated by centrifugation and

analysed.

2) Acetone

0.5 g cells (wet) were weighed. Acetone was added to get final concentration
10-80% w/w [Concentration of acetone = weight of acetone *100 /{weight (wet) of
cells (0.5g) + weight of acetone}]. 15 min., 1 h and 3 h. contact time was used. 5 ml
0.15 M K-phosphate buffer pH 8.7 was added and kept at 30°C and 220 rpm for fixed
time. Supernatant was separated by centrifugation and hydantoinase activity
estimated. The same procedure was followed for methanol, ethanol, isopropanol and

butanol and ethyl acetate with some changes.



3) Ethanol

a) Effect of ethanol concentrations

In addition to above procedure extraction was carried out using 1, 5 and

15% ethanol. Extractions were not obtained by using 1, 5 and 40-80% ethanol (table

2A).
Table 2 A

Ethanol % w/w

Extraction %

( 15 min. contact

Extraction %

(1 h contact time )

Extraction %

(3 h contact time)

time)
10 - - 16.31
15 7.43 8.87 9.35
20 3.69 6.31 -

b) Effect of ethanol contact time

Procedure as mentioned in (2) was used with change in solvent concentration
and contact time. We have used 10, 12.5 % ethanol and 2, 3, 4, 5 and 6 h solvent
contact time (table 2B).

Table 2B
Solvent  contact | Extraction % Extraction %
time (10% ethanol) | (12.5%
(h) ethanol)
2 12.59 16.85
3 16.06 12.86
4 18.7 11.52
5 14.62 14.63




6 14.98

14.5

¢) Effect of buffer extraction time

Procedure like acetone was used with change in solvent concentration,

contact time and buffer extraction time. We have used 10% ethanol; 4 & 6 h contact

time; and 15, 20 & 25 h buffer extraction time (table 2C).

Table 2C

Buffer extraction time (h)

Extraction % (4 h Contact

Extraction % (6 h Contact

time) time)

15 25.99 30.53

20 29.95 31.42

25 12.33 21.54
4) Ethyl acetate

a) Optimization extraction condition

Effect of ethyl acetate concentration, contact time, and buffer extraction time

on extraction of was studied. Results are presented in figure 1A-C and table 3




Fig. 1A: Effect of ethyl acetate concentration and contact time

50

] Fig. 1 A
404 —>— 135 min. contact time
——o— 1 hr. contact time

30- —4— 2 hrs. contact time
_ ox; 3 hrs. contact time
20+ X\

10-_?; l §<j

0 j T T T T T T T
0 10 20 30 40 50 60

Ethyl acetate % wiw

Fig.1 A: Effect of different concentrations of ethyl acetate and contact
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time on extraction of hydantoinase enzyme.



Fig. 1B: Effect of ethyl acetate concentration and buffer extraction time
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Fig. 1B: Effect of ethyl acetate concentration and buffer extraction time on
hydantoinase extraction:
A- 15 min. solvent contact time with 5 h buffer extraction.
B- 15 min. solvent contact time with 10 h buffer extraction time.
C- 1 h solvent contact time with 5 h buffer extraction time.
D- 1 h solvent contact time with 10 h buffer extraction.

E- 1h solvent contact time with 15 h buffer extraction



Fig. 1C: Effect of ethyl acetate concentration and buffer extraction time
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Fig. 1C: Effect of ethyl acetate concentration and buffer extraction time on
hydantoinase extraction:
A- 2 h solvent contact time with 10 h buffer extraction time.
B- 2 h solvent contact time with 15 h buffer extraction time.
C- 3 h solvent contact time with 5 h buffer extraction time.
D- 3 h solvent contact time with 10 h buffer extraction time.

E- 3 h solvent contact time with 15 h buffer extraction time.

Table 3

Ethyl acetate % Solvent  contact | Enzyme Enzyme extraction




time (h) extraction % %
( 15 h buffer{( 20 h buffer
extraction time) extraction time)
10 1 32.7 26.04
20 1 26.31 28.69
10 2 33.63 25.16
20 2 31.63 28.1

b) Solvent removal

0.5 g cells (wet) were exposed (1 and 2 h contact time) to 60% ethyl acetate. 2
ml buffer was added and mixed well. Supernatant and cells were separated by
centrifugation. Hydantoinase activity of supernatant determined, no hydantoinase
activity observed. Cells were subjected to buffer extraction for 15 hrs. 20.15 and
20.76% extractions were obtained using 1 and 2 h solvent contact time respectively.

Solvent removal is not useful in increasing extraction.

5) Isoamyl alcohol, methyl isobutyl ketone, ethylene dichloride, diethyl ether and

1,4-dioxan

Studies were performed using varying concentrations of above solvents and
contact time with 15 hrs. buffer extraction. The results where maximum extractions

were obtained are presented in figure 2

6) Xylene, dichloromethane, chloroform, hexane, cyclohexane, petroleun ether

and dimethyl sulfoxide

Extractions were carried out using above solvents with different contact time

and buffer extraction time. Results are shown in figure 3, 4 and 5.



Figure 2: Use of solvents for extraction of hydantoinase
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Fig. 2: Extraction of hydantoinase from cells, use of solvents for cell
treatment followed extraction by buffer for 15 h.
Isoamyl alcohol & Methyl isobutyl ketone: 15 min. contact time.
Ethylene dichloride & diethyl ether: 1 h contact time.

1,4-Dioxan: 6 h contact time.



Fig.3: Effect of xylene on extraction
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Fig. 3: Effect of xylene % w/w and contact time on extraction of

hydantoinase (15 h buffer extraction time).



Fig. 4: Effect of dichloromethane on extraction
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Fig. 4: Effect of dichloromethane % w/w and contact time on extraction

of hydantoinase (15 h buffer extraction time).



Fig. 5: Effect of chloroform on extraction
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on extraction of hydantoinase.



B] Detergents
Concentrated solutions of detergents were prepared and added to the cells to

get particular concentrations of detergents for extraction of hydantoinase.

1) Sodium dodecyl sulphate (SDS)

0.005, 0.01, 0.02, 0.04 and 0.08 g SDS were used for extraction. It is 0.95,
1.81,,3.33, 5.71 and 8.88% w/w respectively. Extractions were carried out using 15
min., 1 hr., 2 h, 3 and 4 h contact time. We have used 2.5, 5, 10 and 15 h buffer
extraction time. Extractions were also carried out by adding SDS and buffer at same
time to the cells with 15 h extraction time. Results are presented in figure 6, 7 and 9.

Fig. 6: Effect of SDS (5 h buffer extraction time)
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Fig. 6: Effect of SDS % and contact time with 5 h buffer extraction time on

extraction of hydantoinase enzyme.



Fig. 7: Effect of SDS (10 hrs. buffer extraction time)
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Fig. 7: Effect of SDS % and contact time with 10 h buffer extraction

time on extraction of hydantoinase enzyme.



2) Triton X-100

0.008, 0.016, 0.032, and 0.064 g triton X-100 which corresponds to 1.45,
2.66, 4.57 and 7.11 % w/w respectively were used for cell disruption. 1 and 2 h
contact time was used with 10 and 15 h buffer extraction time. Extraction was also
performed using 4 hrs. contact time with 15 h buffer extraction time. Extractions were
performed by adding triton X-100 and buffer at same time to the cells using 15 h

extraction time.

3) Tween-80

01, 0.02, 0.04, 0.08, 0.1, 0.2, and 0.4 g tween-80 and buffer were added to the
cells at same time with 15 h extraction time. In another set of experiment we have
used 0.05, 0.1, 0.2 and 0.4 g tween-80 with 1, 2 and 4 h contact time, and 15 h buffer
extraction time. We have used 10 h buffer extraction time also for 2 h contact time.
0.05, 0.1, 0.2 and 0.4 g tween-80 is 6.45, 12.19, 17.54 and 22.47 % w/w respectively.
Results are presented in figure 8 and 9

Comparative results, where maximum extractions were observed, are plotted

in figure 10.

C] Ethylenediaminetetraacetic acid (EDTA)

0.01, 0.02, 0.04 and 0.08 g EDTA was used for disruption of cells. It
corresponds to 1.63, 2.77,4.25 and 5.79% w/w respectively. We have used 15 min., 1
h, 2, 4 and 6 h contact time for extraction. Extractions were carried out using 10 and
15 h buffer extraction time with 15 min., 1h and 2 h contact time. Some experiments
were done using 15 h buffer extraction time, and 4 and 6 h contact time. In another
set of experiment EDTA and buffer were added to the cells at the same time with 15 h

extraction time.



Figure 8: Effect of tween-80
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Figure 9: Effect of detergents on extraction
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Figure 9: Effect of SDS, triton X-100 and tween-80 on extraction of
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time and 15 h buffer extraction time)



Figure 10: Use of detergents for extraction
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Fig. 10: Use of detergents in extraction of hydantoinase enzyme.
Triton X-100: 4 h contact time & 15 h buffer extraction time.
SDS (sodium dodecyl sulphate): 1 h Contact time & 5 h buffer extraction time.

Tween-80: 2 h contact time & 15 h buffer extraction time.



Results

Studies on extraction of enzyme was done using solvents, detergents and
EDTA for cell rupture or cell-permeabilization. Buffer was used for extraction of
hydantoinase enzyme from treated cells into buffer. 8.12% and 8.7 % extraction of
hydantoinase enzyme obtained when cells slurry was treated with 1% toluene (7.5 h)
and 5 % toluene (4.5 h) respectively. A maximum of 14.32 % extraction when cells
were treated with 5 % toluene with 6 h contact time followed by 15 h buffer
extraction time. Acetone, isopropanol and butanol were not effective agents for
extraction. In case of methanol 14.96% extraction was achieved when 40% methanol
was used with 15 min. solvent contact time and 10 h buffer extraction time. Upon

increasing the solvent contact time no activity was observed (deactivation).

When 10% ethanol was used with 3 h contact time and 10 h buffer extraction
time we had 16.31% extraction (table 2A). From results shown in table 2B it is clear
that we have obtained more extraction by using 10% ethanol than 12.5% ethanol for
cell treatment. Using 10% ethanol with 4 hrs. contact for cell treatment, 18.7 %
hydantoinase extraction observed where buffer extraction time was 10 hrs.( table 2B).
Optimum extraction of 31.42 % was achieved when 10% ethanol with 6 h contact
time was used for cell rupture or permeabilization with buffer extraction time 20 h
(table 2C). Extraction of hydantoinase enzyme increased by increasing buffer
extraction time but by further increase in time we observed decrease in extraction due

to denaturation.

Low conc. Of ethyl acetate gave incomplete enzyme extraction. 33.42 %
extraction was obtained by using 10% ethyl acetate (3 hrs. contact time, 10 hrs. buffer
extraction time) for cell rupture or permeabilization. At higher concentrations
denaturation effect is more therefore lower results were obtained (Fig. 1A).
Extractions were increased with increase in buffer extraction time using 1 hr. Contact

time, and for certain concentrations (5, 10 & 20%) of ethyl acetate with 15 min.



contact time (fig. 1B). Similar trend was observed with 20% ethyl acetate with 2 and
3 h contact time. When 2 & 3 h contact time and 10% ethyl acetate was used for cell
treatment we have obtained maximum extraction for 15 h & 10 h buffer extraction
time respectively (fig.1C). We have achieved maximum 33.63% extraction of
hydantoinase by using 10% ethyl acetate for cell treatment, 2 h contact time and 15 h
buffer extraction time ( table 3). Solvent removal strategy is not useful in enhancing

extraction.

Extractions were not observed by using 20-60% isoamyl alcohol for cell
treatment. 20.9 & 21.89 % extractions were obtained with 5% isoamyl alcohol & 10%
methyl isobutyl ketone respectively with 15 min. contact time and 15 h buffer
extraction time. Using 1 h Contact time and 15 h buffer extraction we had 21.54 and
22.51 % extractions with 40% ethylene dichloride and 40% diethyl ether
respectively. When cells were exposed to 1,4-dioxan for 6 h and buffer extraction for
15 h we had maximum 19.57 % extraction. Comparative results are shown in figure

2.

Results obtained with xylene, dichloromethane and chloroform are shown in
figure 3-5. Extraction of hydantoinase enzyme was increased with increase in buffer
extraction time in case of dichoromethane and chloroform. In case of xylene it was
decreased at higher concentration of xylene (contact time 15 min. & 1 h) due to
denaturation whereas for 3 hrs. contact time slow increase in extraction was observed
may be due to slightly more enzyme release rate than denaturation. Extraction rate at
higher concentration is dependent on rate of enzyme release and denaturation. 8.4 and
15.11% extractions were observed using cyclohexane and hexane for cell treatment
respectively. We found 6.25 and 12.8% extraction using dimethyl sulfoxide and

petroleum ether for cell treatment respectively.

When 0.95% SDS and 5 h buffer extraction time was used, we found that
extraction of hydantoinase enzyme is unaffected by contact time. Lower results were

obtained with buffer extraction 2.5 and 15 h buffer extraction time. More extraction



was observed by 5 h buffer extraction time (fig. 6) than 10 h buffer extraction time
(fig. 7). Maximum 24.1% extraction was obtained by 5.71% w/w SDS with 1 h

contact time and 5 h buffer extraction time.

Maximum 18.2 % extraction was achieved by using 4.57% triton X-100, 4 h
contact time and 15 h buffer extraction time. As concentrations of tween-80 increased
extractions of hydantoinase enzyme also increased for all contact time except incase
of 1 hr. contact time and 22.47% concentration. We have observed slightly more
extraction for 15 h buffer extraction time than 10 h buffer extraction time. Maximum
24.05% extraction of hydantoinase was achieved using 22.47 % tween-80 with 2 h
contact time and 15 h buffer extraction time ( fig. 8). Maximum 11.37 % extraction
was obtained by using 4.25 %w/w EDTA with 4 h contact time and 15 h buffer
extraction time. When EDTA and buffer were added at the same time to cells no
extraction was observed whereas with detergents less extractions were observed (fig.

9). Results obtained by detergent treatment are compared in figure 10.



Summary of hydantoinase extraction

Solvent/deter | concentration contact time Buffer extraction of
gent/ EDTA | % w/w extraction | hydantoinase
time ( h) %
toluene 5 6h 15 14.32
xylene 10 15 min. 15 23.15
hexane 60 4.5h 15 15.11
cyclohexane | 60 3h 15 8.4
petroleum 60 6 15 12.8
ether
acetone 10-80 15min., 1 h,3h |10 -
MIBK 10 15 min. 15 21.89
methanol 40 15 min. 10 14.96
ethanol 10 6h 20 31.42
isopropanol 10-80 I5min, 1h,3h |10 -
butanol 10-80 15min.,, 1 h,3h |10 -
isoamy]l 5 15 min. 15 20.9
alcohol
ethyl acetate 10 2h 15 33.63
diethyl ether | 40 lh 15 22.51
1,4-dioxan 20 6 15 19.57
DMSO 60 lh 15 6.25
dichlorometha | 40 15 min. 15 25.22
ne
ethylene 40 lh 15 21.54
dichloride
chloroform 10 lh 15 27.23
SDS 5.71 lh 5 24.1
triton X-100 | 4.57 4h 15 18.2
tween-80 22.47 2h 15 24.05




EDTA 4.25 4h 15 11.37

Discussion

Many researchers have reported use of solvents, detergents and other
chemicals to rupture or permeabilize cells and extraction of intracellular enzymes
[Lazarus et al. (1966), Weitzman (1973), Fenton (1982)]. By using 5% toluene
treatment, 6 h contact time and 15 h buffer extraction time we have obtained 14.32%
extraction of hydantoinase. Fenton (1982) have used toluene to release beta -
galactosidase from yeast and obtained 15% release by using 80% toluene, 90 min.
contact time and 15 h buffer extraction time. Fenton (1982) has calculated solvent %
using value of dry weight of cells. We have calculated using wet weight of cells.
Lazarus et al. (1966) have isolated hexokinase from yeast using toluene. Weitzman
(1973) have used toluenized bacterial cells in his study of enzyme regulation.
Serrano et al. (1973) have carried out permeabilization of yeast using toluene with
ethanol. Vadehra et al. (1965) carried out extraction of protease from using different
methods where they used toluene in one of the methods. Toluene treated cells were
used in assay by Achary et al. (1997) while estimating enzyme activity.
Kheirolomoom et al. (2001) have treated cells of E. coli with different chemicals &/
lysozyme to isolate penicillin G acylase. They have used toluene/ethanol, guanidine-
HCIl, guanidine-HCI/EDTA, lysozyme and lysozyme/EDTA. They have reported

isolation of penicillin G acylase by sonication of cells.

We have calculated solvent % using values of wet weight of cells: 5, 10, 20,
40, 60 and 80 % w/w. If we calculate solvent % using values of dry weight of cells
then solvent % are: 15.9, 28.6, 47.5, 70.5, 84.3 and 93.4 % respectively.. By using 10
% xylene for cell rupture or permeabilization we have achieved 23.15 % extraction
of hydantoinase enzyme. 8.4, 12.8 and 15.11% extraction of hydantoinase enzyme
was obtained using cyclohexane, petroleum ether and hexane, for cell rupture or

permeabilization respectively. No extraction was achieved with acetone. Fenton



(1982) have used acetone to release beta-galactosidase from yeast and he obtained
20% release using 80% acetone with 90 min. solvent contact time and 15 h buffer
extraction time. We observed 21.89% extraction of hydantoinase enzyme by using
10% w/w (28.6% on dry wt. basis) methyl isobutyl ketone (MIBK) for cell rupture or
permeabilization with 15 min. solvent contact time and 15 h buffer extraction time.
Fenton (1982) has carried out isolation of beta-galactosidase from yeast cells using
MIBK. He obtained 15 % release by using 80 % MIBK with 1.5 h solvent contact

time and 15 h buffer extraction time.

By using 40% methanol (70.5% on dry weight basis) for cell rupture or
permeabilization, 15 min. contact time and 10 h buffer extraction time we have
obtained 14.96% extraction of hydantoinase. Fenton (1982) has used methanol for
release of beta-galactosidase from yeast. By using 80% methanol with 90 min.
contact time and 15 h buffer extraction time he achieved 90% release. By using 10%
(28.6% on dry wt. basis) ethanol for cell rupture or permeabilization with 6 h contact
time and 20 h buffer extraction we have achieved 31.42% extraction of hydantoinase
enzyme. Fenton (1982) has achieved 90% release of beta-galactosidase from yeast
using 80% ethanol, 90 min. solvent contact time and 15 h buffer extraction time.

Sugimoto (1974) has carried out autolysis of yeast using ethanol and NaCl.

We did not obtain extraction using isopropanol for cell rupture. Tan et al.
(1996) have extracted superoxide dismutase from Sacchromyces cerevisiae using
90% isopropanol (120 min. contact time). Fenton (1982) has achieved 85%
extraction of beta-galactosidase using 80% isopropanol. We did not obtain extraction
using butanol. Fenton (1982) have obtained 2% extraction of beta-galactosidase by
using 80% butanol. We have obtained maximum 20.9 % extraction of hydantoinase
by 5 % isoamyl alcohol with 15 min. contact time and 15 h buffer extraction time.
Isolation of s-RNA from E. coli was carried out by Rammler et al. (1965). They have
used 10% isoamyl alcohol, bentonite, polyvinyl sulphate and 0.001 M

ethylenediaminetetracetic acid. 0.2% DNA and 3.5% protein was released.



By using 10% ethyl acetate (47.5% on dry weight basis) for cell rupture or
permeabilization with 2 h solvent contact time and 15 h buffer extraction time, we
have achieved maximum 33.63% extraction of hydantoinase enzyme. Peppler (1979)
has reported use of ethyl acetate for preparation of autolysed dried yeast at high
temperature i.e. 45°C. He has also reported use ethyl acetate for isolation of various
enzymes from yeast. Ethyl acetate treatment of yeast cells for permeabilization and
enzyme release is reported by Wiseman and Jones (1971), Arnold (1972a,b) and
Naglak et al. (1990). Ohleyer (1989) has reported that hydantoinase activity could be

recovered by permeabilization of cells with organic solvent.

By using 20% 1,4-dioxan for cell rupture or permeabilization we have
obtained 19.57% extraction of hydantoinase enzyme. Kim and Kim (1993) have
studied conversion of p-hydroxyphenylhydantoin in presence of 10 % 1,4-dioxan.
They found increase in hydantoinase activity by 1.5 times in presence of 1,4-dioxan.
We had only 6.25% extraction when 60% dimethyl sulfoxide used for cell treatment.
Kim & Kim (1993) have studied effect of DMSO on hydantoinase activity. They
observed two fold increase in activity by using 5 % DMSO. They have used bacterial
strain KBEL 101 for conversion of p-hydroxyphenylhydantoin where they have used
DMSO. Yin et al. (2000) have carried out conversion of p-hydroxyphenthydantoin to
its N-carb. They have permeabilized cells of E. coli by 1.5% DMSO. They observed
increase in rate of hydrolysis by 80% with permeabilized cells. By using 40% diethyl
ether for cell rupture or permeabilization with 1 hr. contact time we have achieved
22.51 % extraction of hydantoinase enzyme. Vosberg and Hoffmann-Berling (1971)
have studied DNA synthesis using ether treated E. coli cells. 5% protein and 3%
nucleic acid was released from cells. Durwald and Hoffmann-Berling (1971);
Mirelman et al.(1977); and Mirelman and Nuchamowitz (1979) have studied

biosynthesis using ether treated bacterial cells.

When 10% chloroform was used for cell treatment we obtained 27.23 %
extraction of hydantoinase. Linz (1948) has used chloroform for treatment of colony

of gram negative bacteria and removed antigen. Bernheim (1972) has studied



swelling of cells Pseudomonas aeruginosa in presence of chloroform and salts. Cell
swelling (LiCl influx) and K-efflux are influenced by chloroform [Bernheim (1974)].
Ames et al. (1984) have used chloroform to release periplasmic protein from cells of

gram negative bacteria.

When cells treated with 22.47 % tween-80 we have obtained 24.05 %
extraction of hydantoinase enzyme. Brown and Richards (1964) have studied effect of
tween-80 on cells of Pseudomonas aeruginosa. They found that cells became more
susceptible by tween-80 treatment. Nandkumar et al. (2000) observed more cell lysis
by tween-80 treatment before mechanical treatment. They found that cell lysis is
influenced by surfactants used. Chen et al. (1999) have disrupted cells of Alcaligenes

eutropus by using surfactant-chelant solution.

18.2% extraction was obtained by 4.57%w/w, which is 0.56 % w/v, triton X-
100 treatment to cells. 90-95% pullulanase was released from Aerobacter aerogenes
using 0.4% triton X-100 [Wallenfels et al.(1966)]. Dunnill (1975) and Buckland et al.
(1976) have studied isolation of cholesterol oxidase from Nocardia rhodocrous using
0.5% triton X-100. Dunnill (1975) has obtained 53% extraction. 10% intracellular
protein was released by 0.5% triton X-100 treatment to E. coli [Naglak and Wang
(1990)].

Tanaka et al. (1993) have studied lysis of Bacillus subtilis cells using
50mM/100 mM triton X-100 to release glucose-6-phosphate. Novella et al. (1994)
recovered 8 % penicillin acylase from E. coli by using 0.5% w/v triton X-100. Lee et
al. (1997) have used triton X-100 treated cells in assay of hydantoinase enzyme. They
have used 1% triton X-100. Balk et al. (1998) have isolated ATP from cells by 0.1-
5% w/w surfactant treatment to cells and ATP was used for bioluminescence test for
detection of microorganisms in aq. dispersions. Dunnill (1975) obtained more

extraction when triton X-100 is used with pepsin than triton X-100 alone.



We have achieved 24.1 % hydantoinase extraction using 5.71% w/w sodium
dodecyl sulphate (SDS) for cell rupture or permeabilization. Woldringh (1970) have
used 0.05% SDS for lysis of E. coli and observed that 35% RNA, 24% protein and
22% DNA was released. Wallenfels et al. (1966) observed that 90-95% pullulanase
has released from Aerobacter aerogenes using 0.1% w/v SDS treatment. Burton et al.
(1998) have disrupted bacterial cells using detergents and found increase in

hydantoinase activity. They have concluded that hydantoinase is membrane bound.

When cells were treated to 4.25% w/w  (0.673%  w/v)
ethylenediaminetetraacetic acid (EDTA), we have obtained 11.37% hydantoinase
extraction. Bactericidal effect of EDTA on Pseudomonas aeruginosa and Alcaligenes
faecalis was studied by Gray and Wilkinson (1965a). Gray and Wilkinson (1965b)
have investigated effect of EDTA on cell wall of P. aeruginosa, A. faecalis, E. coli
and Proteis mirabilis. Leive (1968) has studied permeability changes occurred in E.
coli, Aerobacter and Salmonalla sp. by EDTA treatment. Bactericidal effect of EDTA
is more on P. alcaligenes than P. aeruginosa therefore more intracellular solute is
released from P. alcaligenes [Key et al. (1970)]. Robert et al. (1970) have studied
effect EDTA treatment on P. aeruginosa. They found release of intracellular material
from cells due to leakage of cell wall caused by EDTA. Falconer et al. (1997) have
treated cells of E. coli with 3 mM EDTA. They observed that 11% protein was
released from stationary phase cells by 90 min. treatment and 21.3% protein released

from logarithmic phase cells.



Conclusion

Extractions were not obtained using acetone, isopropanol and butanol
treatment. 8.4, 6.25 and 11.37% hydantoinase extractions were obtained by
cyclohexane, DMSO and EDTA treatment respectively. We observed 19.57, 12.8,
14.32, 14.96, 15.11 and 18.2% extractions with 1,4-dioxan, petroleum ether, toluene,
methanol, hexane and triton X-100 treatment respectively. 21.54, 22.51, 20.9, 21.89,
23.15, 24.05, 24.1, 25.22 and 27.23 % extractions were obtained when cells were
treated with ethylene dichloride, diethyl ether, isoamyl alcohol, MIBK, xylene,
tween-80, sodium dodecyl sulphate, methylene dichloride and chloroform
respectively. 31.42 and 33.63% extractions were observed with ethanol and ethyl
acetate treatment respectively. We have achieved maximum 33.63% extraction of
hydantoinase enzyme by ethyl acetate treatment to cells of Pseudomonas sp. NCIM
2875. There is still more scope for using some more cell rupturing or permeabilising
agents, combination of these agents to get more extraction. There is further scope for

reusing treated cell for further extraction.



Chapter 4

Purification and properties of hydantoinase enzyme



Summary

Hydantoinase enzyme from Pseudomonas sp. NCIM 2875 was purified using
various techniques such as precipitation using solvents or inorganic salts,
chromatographic techniques like ion exchange chromatography and hydrophobic
interaction chromatography and aqueous two phase system etc. Solvents like
methanol, ethanol, isopropanol and acetone were able to precipitate of the enzyme
from solution but hydantoinase activity was not detected in the precipitated protein.
When ammonium sulphate was used for precipitation, maximum enzyme activity was
recovered in the precipitated protein but specific activity was not increased much.
Purification was not achieved by using aqueous two-phase system. Specific activity
was increased only 2.7 times when ion exchange chromatography was used. But by
using hydrophobic interaction chromatography (macro prep t-butyl HIC support) 235
fold purification was achieved. The enzyme was further purified to a single band on
SDS-PAGE and properties of purified hydantoinase were investigated. Optimum pH
and temperature of hydantoinase were 8.5 and 30°C respectively. No metal ions were
required for enhancing the hydantoinase activity and stability. The molecular weight
of the hydantoinase enzyme protein was found to be 49K by SDS-PAGE whereas gel
filtration showed its molecular weight as 193K. This may be because the
hydantoinase protein may be tetramar of the enzyme subunits. Kinetic parameters
mainly Km and Vm values were determined. Km value is much higher than

hydantoinases reported from other cultures.



Introduction

Different techniques are used for enzyme concentration and purification.
Salting out using inorganic salts, precipitation by solvents and water-soluble
polymers, aqueous two-phase system, various chromatographic techniques etc. are
some of the methods commonly used for this purpose.

Either a single or combinations of techniques are used for purification of
enzymes. Salts such as NaCl, Na;SO4, (NH4),SO4 etc. are used for precipitation of
enzymes. Solvents such as methanol, ethanol, isopropanol, acetone etc. precipitate the
enzyme from its solution. = Water soluble polymers e.g. polyethyleneglycol,
polyethyleneimine, DEAE-dextran, protamine sulphate etc. are sometimes used to
precipitate enzyme. Some researchers have used aqueous two-phase system for
purification of enzymes. But purification of enzymes by ion exchange
chromatography, hydrophobic interaction chromatography, affinity chromatography,
gel chromatography, expanded bed adsorption chromatography etc are more
successful.

Maguire and Dudley (1978) have carried out partial purification of
dihydropyrimidinase from calf and rat liver. Yungjin Co., Japan (1992) has reported
purification of hydantoinase enzyme from Streptomyces Y-183 using
chromatographic techniques. Runser and Meyer (1993) purified hydantoinase enzyme
from Agrobacterium sp. and studied its properties. Xu and West (1994) have used
ultrafiltration and ion exchange chromatography for purification of
dihydropyrimidinase from Pseudomonas stutzeri ATCC 17588 and studied its
properties. Purification of L-hydantoinase from 4. aurescens DSM 3745 is reported
by May et al. (1996). Nanba et al. (1998) purified N-carbamyl-D-amino acid
amidohydrolase from recombinant E. coli and studied its properties. Purification of
D-hydantoinase from Arthrobacter crystallopoietes DSM 20117 is investigated by
Siemann et al. (1999) and studied its properties. Some more examples of

hydantoinase purification are cited in Table 1.



In the present work purification of hydantoinase enzyme from Pseudomonas sp. 2875

was tried by using techniques like precipitation, aqueous two-phase system, ion

exchange chromatography and hydrophobic interaction chromatography etc. and

studied the properties of the purified enzyme.

Table 1: Purification of hydantoinase enzyme

Source

Purification steps

References

P. straita

D-hydantoinase

protamine sulfate treatment, (NH4)2S04
fractionation, DEAE-cellulose & hydroxyl-
apatite chromatogs. and Sephadex G-200

Takahashi et al.
(1978)

L-hydantoinase

Pseudomonas protamine-H2S04,(NH4)2S04 pptn., | Yamada et al
striata IFO | dialysis, DEAE-Sephadex A-50,amm. | (1979)
12996 sulphate fractionation, hydroxyapatite

chromatography, Sephadex G-200
Arthrobacter protamine sulphate, (NH4)2S04 | Kitagawa et al.
DK-200 fractionation, column chromatography (1985)

P.  fluorescens
DSM 84
D-hydantoinase

hydrophobic interaction chromatog on
phenyl-Sepharose or chromatography on
Sepharose 4B, gel filtration on Sephacryl S-

400, and preparative electrophoresis.

Morin et al.

(1986a)

Agrobacterium
sp. [P 1-671
D-hydantoinase

(NH4),SO4 fractionation and ion-exchange
chromatography.

Runser &
Ohleyer (1990)




Table 1 (continued)

Rat liver ammonium sulfate fractionation, Kikugawa
dihydropyrimidinase DEAE-Sepharose CL-6B, | et al.
carboxymethyl-Sepharose CL-6B, | (1994)
hydroxylapatite and Sephacryl S-300
chromatography
Bacillus (NH4)2SO4  fractionation,  anion- | Lee et al.
stearothermophilus SD-1 exchange chromatog., heat treatment, | (1995)
D-hydantoinase hydrophobic interaction chromatog. &
preparative gel electrophoresis.
Bacillus immunoaffinity chromatography Lee et al.
stearothermophilus SD-1 (1997)
D-hydantoinase
B. thermocatenu-latus GH- | immunoaffinity chromatography Park et al.
2 D-hydantoinase (1998)
recombinant E. coli One chromatog. step (amylose resin) | Pietzsch et
hydantoinase followed by metal affinity chromatog. al. (2000)
L-N-carbamoylase
recombinant E.  coli | HIC, anion-exchange chromatog. and | Abendroth
D-hydantoinase gel permeation chromatography et al.
(2000)
Pseudomonas putida 9801 | Ammonium  sulfate  fractionation, | Huang et
dihydropyrimidi-nase column chromat.(DEAE-cellulose and | al. (2000)
hydroxylapatite) and gel filtration
(Sephadex G-200).
Pseudomonas 2262 D- | Thermal treatment, ammonium sulfate | Shi et al.
hydantoinase fractionation and Q-Sepharose fast flow, | (2001b)

Phenyl-Sepharose fast flow Superose 12

column chromatography




Materials and methods
Chemicals

Bacteriological grade yeast extract, peptone, beef extract and agar from Hi-
media (Bombay) were used. Phenylhydantoin was provided by Dr. M.S.Gaikwad
[P.D. Division, NCL, Pune]. AR grade PDAB (p-dimethylaminobenzaldehyde),
perchloric acid, phosphoric acid, ammonium sulphate and other chemicals were from
SD Fine chemicals Bombay. Distilled solvents (laboratory grade) were used in the
experiments. Coomassie Brilliant Blue G-250 (Alrich Chem.), ion exchange resins
(Indion Co., India and Sigma Chemicals), phenyl-sepharose (Pharmacia) and macro
prep t-butyl-HIC from Bio-Rad were used. Protein molecular weight markers were
obtained from Sigma Co.
Strain

Pseudomonas sp. NCIM no. 2875 was used in the studies. Strain was
maintained on nutrient agar [beef extract 10, NaCl 5, Peptone 10 and agar 20 g /L, pH
7.0].

Growth of culture and extraction of hydantoinase enzyme

Cultivation of Pseudomonas sp. NCIM 2875 and hydantoinase activity of
cells was estimated as mentioned in chapter 3.

In order to extract the enzyme from cells, 1-gram ethyl acetate was added to
10 grams of the cells (10% on basis of wet wt. cells) and kept it for one hour. 100 ml
of 0.15M potassium phosphate buffer (pH 8.7) was added to it and mixed at 400 rpm
for 10 min. It was incubated on shaker for 15 h at 30°C. Supernatant was separated
and analysed for hydantoinase activity and protein Concentration.
Protein estimation

a) Lowry method [Lowry et al. (1951)]

Reagent A: % Na,COs 1n 0.1 N NaOH

Reagent B1: 1% CuS04.5H,0

Reagent B2: 2 % Na-K—tartarate

Reagent C: 100 ml reagent A + 1 ml reagent Bl + 1 ml reagent B2

(prepared freshly).



Folin reagent (2N):  diluted 1:1 (prepared freshly).
BSA: 1 mg/ml

Assay: 1 ml sample or standard solution and 5 ml reagent C were mixed well
and incubated at room temperature for 10 minutes. 0.5 ml Folin reagent (diluted) was
added to it and incubated at room temperature for 30 min. Optical density was
measured at 500 nm.

While using Lowry method if precipitate was found Biuret method was used.
b) Biuret method [Gornall et al. (1949)]

Biuret reagent: 0.15 gm CuSO4.5H ,0 and 0.6 gm Na-K-tartarate was
dissolved in 50 ml distilled water. 30 ml 10 % NaOH solution was added to it. 0.1
gram KI was dissolved in it and volume was made to 100 ml. Solution was stored at
room temperature. Solution of bovine serum albumin (BSA) (10 mg/ml) was prepared
and used as standard.

Assay: 1 ml sample or standard solution and 4 ml Biuret reagent were mixed
well and incubated at room temperature for 30 minutes. Optical density was measured
at 550 nm.

While carrying hydantoinase purification in some samples there was very less
protein so a sensitive protein estimation method (Coomassie blue method) was also
used.
¢) Coomassie Blue method [Spector (1978); Sedmark and Grossberg (1977)]

Coomassie blue reagent: 100 mg Coomassie brilliant blue G-250 was
dissolved in 50 ml 95% ethanol and mixed with 100 ml 85% phosphoric acid.
Solution was diluted to 1 liter and filtered.

Assay: 1.5 ml sample containing 50 micrograms protein and 1.5 ml
Coomassie blue reagent were mixed. Optical density was measured at 595 nm after 2-

30 min.

Precipitation of protein: (for protein estimation)
Protein was precipitated from the samples to be analysed. For this 1 ml

enzyme and 0.1 ml perchloric acid mixed well and incubated at room temperature for



5 minutes. It was centrifuged for 5 min. Pellet was dissolved in 1 ml of 0.1 N NaOH

and protein analysis was done by Biuret or Lowry method.

Purification of Hydantoinase
Techniques like aqueous two-phase system, precipitation, ion exchange
chromatography and hydrophobic interaction chromatography (HIC) were used for

purification of hydantoinase enzyme from Pseudomonas sp. NCIM 2875

I] Aqueous two-phase system:

Hydantoinase purification was attempted by using polyethyleneglycol (PEG)
ranging from molecular weights of 400 to 6000 and two salts i.e. K;HPO4 and
ammonium sulphate.

Method:

PEG having molecular weight 400, 1540, 4000 and 6000 were used. Required
quantities of PEG, K;HPO,4 and water were weighed. Enzyme solution was added to
it and mixed well. In case of PEG-ammonium sulphate system, required ammonium
sulphate, water and enzyme were added to get a solution. Then weighed quantity of
PEG was added to it and mixed well. It was incubated at 20°C for 1.5 hours and
centrifuged for 5 minutes. Separated phases were analysed for protein and
hydantoinase activity.

Results are presented in table 2-9.

Table 2: PEG 1540- K;HPO,4 system

PEG K;HPO4 | protein % activity %
% % (in PEG phase) | (in PEG phase)
18 8 20.42 7.14

6 15 36.65 16.65

6 25 72.31 35.44

6 30 66.83 33.32

5 30 48.43 23.46
11 30 56.59 27.55




Table 3: PEG 4000-K;HPO, system

PEG | K;HPOy4 | protein % | activity %

% % (in PEG phase) | (in PEG phase)
4.87 |23.37 31.25 17.58
793 | 153 46.25 20
8.7 12.6 42.83 18.98

16 8 52.33 32.65

16 6 42.63 18.36

Table 4: PEG 6000-K,;HPO,4 system

PEG | K;HPOy4 | protein % | activity %

% % (in PEG phase) | (in PEG phase)
6.4 11.9 9.17 -
7.04 | 1437 11.09 -

12 8 34.55 35.71

14 6.8 28.86 22.43

14 5 33.31 31.7




Table 5: PEG 400-(NHy4),SO4 system

PEG (NH4):SOy4 | protein % | activity %
% % (in PEG phase) (in PEG phase)
16 19 25.35 17.34
18 19 19.06 10.20
14 25 50.11 32.1
16 25 52.11 39.44
18 25 n. d. 33.94
8 30 20.12 14.28
16 30 45.89 24.04
20 30 38.57 19.56

Table 6: PEG 1540-(NH4),SO4 system

PEG (NHy4)>SOy4 | protein % | activity %

% % (in PEG phase) (in PEG phase)
8 17 49.97 31.52
8 25 35.48 23.91

12 17 53.97 35.86

12 25 n. d. 28.16

12 30 48.76 26.08

16 25 52.01 32.6

16 30 32.49 16.8

16 17 n. d. 20.16




Table 7: PEG 4000-(NH,4),SO4 system

PEG (NH4):SOy4 | protein % | activity %
% % (in PEG phase) (in PEG phase)
4 19 26.66 14.22
4 25 27.59 15.97
4 30 32.19 17.77
8 14 58.26 33.61
8 19 40.84 23.91
8 25 n. d. 20.42
8 30 n. d. 22.58
16 19 56.6 28.25
16 25 n. d. 26.46
16 30 53.04 25.20

Table 8: PEG 6000-(NH4),SO4 system

PEG (NHy4)2SOy4 | protein % | activity %
% % (in PEG phase) (in PEG phase)
4 19 15.48 14.26
4 25 n. d. 17.77
4 30 18.68 16.26
8 19 n.d 16.17
8 25 n. d. 19.35
8 30 n. d. 26.82
16 19 33.58 19.32
16 25 n. d. 20.16
16 30 38.41 28.45

n. d. = Not determined.



Table 9: Use of aqueous two-phase system (summary)

PEG PEG salt protein % | hydantoinase activity
mol. wt. | % % (in PEG phase) % (in PEG phase)
400 14.2 19.2 % | 10.23 6.6
K>;HPO4
1540 6 25 % | 72.31 35.44
K,HPO4
4000 16 8 % | 52.33 32.65
K>HPO4
6000 12 8 % | 34.55 35.71
K,HPO4
400 16 25 % | 52.11 39.44
(NH4)2SO4
1540 12 17 % | 53.27 35.86
(NH4)2SO4
4000 8 14 % | 58.96 33.61
(NH4)2SO4
6000 16 30 % | 38.41 28.45

(NH4)2SO4




II] Precipitation of hydantoinase enzyme by solvents and polyethyleneglycol
(PEG)

Various solvents such as acetone, methanol, ethanol, isopropanol, 1,4-dioxan,
dimethylformamide and dimethylsulfoxide were used to precipitate hydantoinase
enzyme from solution. Precipitation of protein was obtained for all solvents but there
was no hydantoinase activity. With polyethyleneglycol (PEG) having molecular
weight of 400 and 1540 hydantoinase protein was precipitated but there was no
activity. With Polyethyleneglycol having molecular weight of 4000 and 6000 protein

was not precipitated.

III] Precipitation of hydantoinase by (NH4),SOy4

Ammonium sulphate is widely used for precipitation of enzymes because it stabilizes
the enzymes beside precipitation. In the present work also ammonium sulphate was
used for precipitation of the hydantoinase enzyme.

Method:

Desired amount of ammonium sulphate (AR grade) was dissolved in 5-ml
hydantoinase enzyme solution and kept at 4°C for one hour. The precipitated protein
was centrifuged for 5 minutes. Supernatant was discarded and pellet was dissolved in
0.15 M K-PO, buffer having pH 8.7 and analysed for protein and hydantoinase

activity. Results are shown in table 10.

Table 10: Precipitation of hydantoinase by (NH4),SO4

(NH4):SO4 | (NH4):SO4 | protein activity
g % % %

2 40 38.67 54.05

2.5 50 59.77 82.42

3 60 73.42 90.53

3.6 72 74.37 93.23




IV] Ion Exchange Chromatography

There are many reports of use of ion exchange chromatography for the
purification of hydantoinase enzyme. [Takahashi et al. (1978), Yamada et al. (1979),
Runser and Ohleyer (1990), Runser et al. (1990), Kim and Kim (1995), Lee et al.
(1995), Siemann et al. (1999), Huang et al. (2000) Abendroth et al. (2000) etc.]. In the
present work different anion exchange supports have been attempted for purification
of hydantoinase enzyme.
Method:

A glass column with sintered glass at bottom was packed with anion exchange
matrix and equilibrated with 0.03M K-PO, buffer pH 8.5. Temperature of the column
was maintained at 4’C. 5 ml hydantoinase enzyme solution was loaded to the column
at a flow rate of 0.2 ml/min. Washing of column was performed with the same buffer.
Matrices, which adsorbed more than 60% hydantoinase enzyme were eluted by 0.2-
3M NacCl in 0.03M potassium phosphate buffer pH 8.5 at a flow rate of 0.4ml/minute.

All fractions were collected and analysed for hydantoinase activity (table 11A).

Table 11 A: Purification of hydantoinase by ion exchange chromatography

Matrix activity %
adsorbed washed | retained

Dowex1B*50 64.19 13.58 50.61
Amberlite IRA 400 66.66 28.39 38.27
Tulsion A 2*MP 75.3 41.97 33.33
Indion polystyrene beads 69.13 17.28 51.85
Indion 284 100 61.72 38.28
Indion 925 29.12 15.13 13.99
Amberlite IRA 900 91.48 8.27 83.21 *
Indion 870 66.99 1.45 65.44 *
Indion 244 100 29.62 70.38 *

*Elution was carried out with 0.2-3 M NaCl. Protein was eluted but there was no

activity.



4 g Amberlite IRA 900 was packed in column and elution was carried out

with 0.2-1 M ammonium sulphate in 0.03M potassium phosphate buffer pH 8.5.

Results are presented in table 11B.

Table 11 B: Purification of hydantoinase by Amberlite IRA 900

Adsorption %

washing %

retained %

elution by (NHy4)>SOy4

Protei | activit | protei | activit | protei | activit | protein | activity | molarit
n y n y n y % % y*
76.4 85.22 | 32.13 | 13.63 |44.27 |71.59 |26.86 69.31* | 0.2
%
1.75 - 0.5
0.52 - 1
* Molarity of (NH4),SO4
** Specific activity is 0.096 while control enzyme has sp. activity 0.036.

V] Hydrophobic Interaction Chromatography

Use of hydrophobic interaction chromatography (HIC) for purification of

enzymes is reported by many authors [Westhoff and Kamp (1997); Mcguire et al.
(1996)); Soubeyrand & Manjunath (1998); Song et al. (2000) etc.]. Butyl-sepharose,

octyl-sepharose, thiopropyl-sepharose, macro prep butyl-HIC, macro prep methyl-

HIC, phenyl-sepharose, phenyl-agarose etc are used as matrices for hydrophobic

interaction chromatography. Purification of hydantoinase enzyme using various

matrices are cited in table 12

Table 12: Use of HIC in purification of hydantoinase enzyme

Source

HIC matrix

References

Bovine liver

phenyl-sepharose

Brooks et al. (1983)

P. fluorescens DSM 84

phenyl-Sepharose

Morin et al. (1986a)

A. crystallopoietes DSM 20117

phenyl-sepharose

Siemann et al. (1999)

Pseudomonas 2262

phenyl-Sepharose

Shi et al. (2001)




Method:

Purification of hydantoinase enzyme was carried out using hydrophobic
interaction chromatography (HIC) with phenyl-sepharose and macro prep t-butyl-HIC
as HIC-matrices. Purification work was carried out by the procedure mentioned by
Builder (1993). HIC-matrix was packed in a glass column and washing was carried
out with distilled water and buffer. Temperature of the column was maintained at
4°C. Column was equilibrated with 1M ammonium sulphate in 0.03 M K-phosphate
buffer of pH 7.6. Enzyme solution containing 1M ammonium sulphate was loaded on
it. Washings were carried out with 1M ammonium sulphate in 0.03M K-phosphate
buffer having pH 7.6.

Elution was carried out with 1-0 M ammonium sulphate in 0.03 M K-
phosphate buffer of pH 8.2; followed by 0.03M, plain buffer of pH 8.2, pH 8.5, pH
9.0 and 0.001M K-phosphate buffer having pH 9; distilled water; 25% glycerol; triton
X-100; 1-4 M urea and 0.5% SDS. Hydantoinase enzyme was adsorbed on phenyl-
sepharose matrix but enzyme could not be eluted using all possible eluants.

When phenyl sepharose was replaced with macro prep t-butyl-HIC and eluted
with 2M urea followed by buffer washings, hydantoinase enzyme was observed in
buffer washing. Purity of hydantoinase was checked using SDS-PAGE and it was
found that it was a pure hydantoinase enzyme.

Hydantoinase was purified on higher scale as below:

Pseudomonas sp. NCIM 2875 was cultivated in shake flasks. Cells were
collected by centrifugation. 200 grams cells were mixed with 28 ml ethyl acetate and
incubated at room temperature for 1 hour. 2 liter 0.15M K-phosphate buffer of pH
8.7 was added to it and mixed well. It was incubated at 28°C and 220 rpm for 15 h.
Supernatant was separated by centrifugation and volume made to 2 liter. Supernatant
was saturated with ammonium sulphate and kept at 4°C for 2 h. Precipitate was
collected by centrifugation and dissolved in 300 ml 0.15M K-phosphate buffer of pH
8.7. Ammonium sulphate was added in enzyme solution to get 1M concentration and
kept at 4°C for 4 hours. Supernatant was collected by centrifugation and used for

HIC.



A glass column having 50 cm height and 1.5 cm diameter was packed with
macro prep t-butyl-HIC matrix to get a bed volume of 50 ml. Temperature of the
column was maintained at 4°C. The matrix was washed with distilled water followed
by 0.03M K-phosphate buffer of pH 7.6 (buffer-1) and finally equilibrated with 1M
ammonium sulphate containg buffer-1. Enzyme was loaded on column at a flow rate
of 0.5 ml/min. Washings were carried out with buffer-1 with flow rate of 3 ml/minute
till absorbance was 0 at 280 nm. Washing was carried out by 1- 0 M ammonium
sulphate in 0.03 M K-phosphate buffer pH 8.2; 0.03, 0.001 M K-phosphate buffer pH
8.2-9 and distilled water at 4°C.

Elution was carried out at 28°C by 2M urea in 0.03 M K-phosphate buffer of
pH 8.8 followed by 0.03M K-phosphate buffer having pH 8.8 at a flow rate 1 ml/min.
Eluted fractions were collected in 3 M ammonium sulphate solution in 0.03 M K-PO4
buffer pH 8.7. Purity of hydantoinase enzyme was checked by electrophoresis using
SDS-PAGE. Results are summarized in table 13. Purified enzyme was used for

determining molecular weight and studying kinetic parameters.

Table 13: Purification of hydantoinase using t-butyl-HIC

Steps volume | protein | activity | specific | fold recovery
(ml) (mgs) (units) | activity | purification | (%)

Original enzyme | 2000 4260 232 0.054 |- -

ammonium 445 3132.8 | 182.45 0.057 1.05 78.64

sulphate

precipitate

I M ammonium | 460 2796.8 | 170.2 0.061 1.12 73.36

sulphate

t-butyl-HIC 60 4.02 | 51 12.69 235 21.98




VI] Properties of Hydantoinase
A] Molecular Weight Determination
1. SDS-PAGE (Sodium dodecyl sulphate-polyacrylamide gel electrophoresis)
SDS-PAGE: Purified hydantoinase was passed through PD-10 column to
remove salts and salt free fraction was concentrated using ultrafiltration (10000 MW
cut off) and used for SDS-PAGE as reported by Laemmli (1970). Bovine serum
albumin (66 kDa), porcine heart fumarase (48.5 kDa), carbonic anhydrase (29 kDa),
beta-lactoglobulin from bovine milk (18.4 kDa) and alpha-lactoalbumin from bovine
milk (14.2kDa) were used as standard protein molecular weight markers. Gel
electrophoresis (vertical slab gel) was carried at 200V and 10°C for 4 hours. Silver
staining was done as reported by Blum et al. (1987). SDS-PAGE Gel photograph is

shown in fig 1. Figure 2 shows the graph of Rf values Vs molecular weight.



Fig. 1: SDS-PAGE
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Fig. 1: SDS-PAGE: lane 1-crude hydantoinase, lane 2-molecular weight markers

and lane 3-pure hydantoinase.



Fig. 2: Rf values Vs molecular weight
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Fig. 2: Rf values were plotted against molecular weight. Molecular weight

of pure hydantoinase enzyme was determined from its Rf value.



2) Gel filtration

Molecular weight was also determined using gel filtration chromatography.
Sephadex G-200 and Biogel P-300 were used as gel matrices. Procedure given in
Pharmacia catalogue was used for Sephadex G-200 and that given in Bio-Rad
catalogue was used for Biogel P-300. Pre-swollen matrices were packed in a jacketed
glass column having length of 50 cm and diameter of 1.1 cm. and equilibrated with
0.03 M K-phosphate buffer pH of 7.6 (buffer-1). Enzyme was loaded on column.
Washing was done with buffer-1 and fractions were collected. Optical density was
measured at 280 nm and hydantoinase activity was determined. Standard proteins
[apoferritin (443 kDa), beta-amylase (200 kDa), alcohol dehydrogenase (150 kDa),
bovine serum albumin (66 kDa), ovalbumin (44 kDa), carbonic anhydrase (29 kDa)
and cytochrome-C (12.5 kDa)] were used for molecular weight determination. Void
volume was determined using blue dextran (2mg/ml). Ratio of eluted volume to void
volume was used to determine molecular weight. Molecular weight was found to be
192100 and 195248 Dalton by Sephadex G-200 and Biogel P-300 matrices

respectively. Therefore average molecular weight by gel filtration is 193674.
B] Optimum pH and temperature

1) Optimum pH: pH of hydantoinase enzyme was adjusted between pH 5-10.5
using acetate, phosphate and carbonate buffer. Activity of enzyme was determined at

different pH values ranging from 5-10.5 at 30°C (fig.3).

2) Optimum Temperature: pH of hydantoinase enzyme was adjusted to 8.5

and activity was determined at different temperatures ranging from 20°C and 45°C

(fig. 4).

C] Temperature and pH stability



1) pH stability: pH of hydantoinase enzyme was adjusted between pH 5 to
10.5 and it was incubated at 30°C for 2.5 h. After that hydantoinase activity was
determined (fig. 3).

2) Temperature stability: pH of hydantoinase was adjusted to 8.5. It was
incubated at 20, 25, 30, 35, 40, and 45°C for 2.5 hours and hydantoinase activity was
determined (fig.4).

3) Storage stability: pH of hydantoinase was adjusted to 8.5 and was kept at
4°C. Activity was estimated with time interval.

Fig. 3: Optimum pH
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Fig. 3: Optimum pH (control: 1.2 U/ml) and pH stability
(Control: 0.525U/ml) of hydantoinase.



Fig. 4: Optimum temperature
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Fig. 4: Optimum temperature (control: 1.2U/ml) and temperature stability

(control: 0.525U/ml) of hydantoinase.



D] Determination of Kinetic parameters

Different concentrations (10.65, 14.2, 17.75, 21.3 mM) of phenylhydantoin
were used and reaction was carried out at 8.7 pH and 30°C temperature. Samples
were withdrawn at 2, 3, 4, 5 and 6 hours, and analysed for N-carbamoyl acid. Graph
of N-carbamoyl acid Vs time was plotted for each substrate concentration. Initial
velocity (V) was determined from the slope at 0 hours and a graph of 1/S against 1/V
was plotted (fig. 5), where S is substrate concentration and V is initial velocity.

Figure 5: Km and Vmax determination
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Fig 5: Km and Vmax determination: Km=35.97mM; Vmax= 29.1 U/mg

protein

E] Substrate specificity

Assay of hydantoinase enzyme was carried out using different substrates such
as dihydrouracil, hydantoin, phenylhydantoin and p-hydroxyphenylhydantoin etc.
Activity for each substrate under identical condition was estimated (table14).

Table 14: Substrate specificity

Substrate Relative Activity %
Dihydrouracil 289.65

Hydantoin 206.89
Phenylhydantoin 100
p-hydroxyphenylhydantoin 18.62

F] Effect of metal ions:
Mg, Fe, Mn, Zn, Cu, Ca, Ag and Al metal ions with 0.ImM and 10 mM
concentration were added in assay mixture. Hydantoinase activity was determined

(table 15). Activity of control was 1.45U/ml.

Table 15: Effect of 0.1mM and 10 mM metal ions on hydantoinase activity

Metal ions relative activity % relative activity %

(0.1 mM metal ions) (10 mM metal ions)

Mg 88.26 84.13
Fe 109.64 104.12
Mn 110.33 82.06
Zn 102.06 51.72

Cu 68.96 51.03




Ca 98.61 77.23

Ag 8.27 -

Al 84.82 16.55
Discussion

Aqueous two-phase system using PEG of molecular weights ranging from 400
to 6000 and two salts namely K;HPO4 and ammonium sulphate were used. Though
specific activity and enzyme recovery in both systems were not high, it was observed
that in PEG-K,HPO,4 system higher molecular weight PEG was better whereas

reverse was the trend in the case of PEG-ammonium sulphate (table 2-9).

When ammonium sulphate was used for precipitation of hydantoinase enzyme
maximum activity was recovered, but specific activity was not increased much (Table
10). From the results obtained using ion exchange chromatography (anion exchange
resins) it was clear that Amberlite IRA 900 was better matrix than Indion 870 and
Indion 244 (table 11A). When NaCl was used for elution, no activity was found
although protein was eluted. Whereas on using ammonium sulphate for elution of
protein bound to Amberlte IRA 900 matrix, activity was observed in eluted fraction.

But there was only 2.7 fold increase in specific activity (table 11B).

Hydantoinase enzyme was purified using HIC. Hydantoinase enzyme
adsorbed on phenyl-sepharose was too strong to elute it. Siemann et al. (1999) have
purified hydantoinase from Arthrobacter crystallopoietes by using HIC (phenyl-
sepharose). Brooks et al. (1983) have purified dihydropyrimidine amidohydrolase
(which converts dihydrouracil, dihydrothymine) from bovine liver using HIC
(Phenyl- sepharose ). Morin et al. (1986a) have reported purification of hydantoinase
(which converts dihydrouracil, isopropylhydantoin) from Pseudomonas fluorescence
by HIC (phenyl-sepharose). Lee et al. (1995) have studied purification of

hydantoinase from Bacillus stearothermophilus SD-1 using HIC as one of the steps.



Abendroth et al. (2000) used HIC in fluidized bed mode for purification of
hydantoinase.

In the present work hydantoinase enzyme was purified using macro prep t-
butyl-HIC support. Single band was obtained on SDS-PAGE (fig.1). Molecular
weight was calculated on basis of Rf values and it is 49330 (fig.2). Molecular weight
was also determined by gel filtration with Sephadex G-200 and Biogel P-300 as
matrices. Molecular weights were found to be 192100 and 195248 respectively.
Therefore average molecular weight of native enzyme by gel filtration is 193674.
Since there was a single band on SDS-PAGE, it may be a tetramer with each subunits
having molecular weight of 49330.

Siemann et al. (1999) purified hydantoinase from Arthrobacter
crystallopoietes DSM 20117. They found molecular weights of subunit and native
enzyme were 60 kDa and 257 kDa respectively. Park et al. (1999) purified
hydantoinase from B. thermocatenulantus GH-2 by immunoaffinity chromatography
and reported molecular wt. of subunit and native enzyme as 56 kDa and 230 kDa
respectively. Maguire et al. (1978) partially purified dihydropyrimidinase from calf
and rat liver and determined molecular wt. of subunits as 59000 and 62000
respectively and that of native enzyme as 252000 and 266000 respectively.
Hydantoinase acting on phenylhydantoin in above cases is tetramer with molecular
wt. of subunit ranging in 56-62 kDa and native ranging in 230-275 kDa. The
molecular weight of the enzyme in the present work was lower than those results. Fan
and Lee (2001) have reported hydantoinase having lower molecular weight of 52.5
kDa from adzuki. Molecular wteight of hydantoinase from Pseudomonas fluorescens
strain DSM 84 are 60000 and 230000 (subunit and native) respectively. Molecular wt.
of hydantoinase from Pseudomonas straita and P. stutzeri ATCC 17588 are 190000
and 115000 respectively. Molecular weight of dihydropyrimidinase from P. putida is
156000 Huang et al. (2000).

Optimum pH and temperature of hydantoinase studied in the present work are
8.5 and 30°C respectively (fig.3 & 4). Optimum pH and temperature of hydantoinase
from A. crystallopoietes DSM 20117 are 8 and 50°C respectively [Siemann et al.



(1999)]. Park et al. (1999) have reported optimum pH 7.5 and temp. 65°C of the
hydantoinase from B. thermocatenulantus GH-2. Partially purified hydantoinase from
adzuki bean has optimum pH 8.5 and temperature 60°C Fan and Lee (2001).
Optimum pH and temperature of hydantoinase extract from 4. tumefaciens ATCC
55632 are 10 and 70°C respectively Weber and Durham (1996). pH stability of the
enzyme from present studies was in range 7.0 to 9.0. Enzyme is stable at temperatures
below 30°C. Half-life is 216 hours at 4°C. Half-life of hydantoinase from A.
crystallopoietes DSM 20117 in phosphate buffers is 400 hrs. Its half life is 6 hours at
50°C [Siemann et al. (1999)]. Park et al. (1999) observed 45 min. half life of the
hydantoinase from B. thermocatenulantus GH-2 at 80°C. Fan and Lee (2001) found
that hydantoinase had retained 76% activity at 40°C in 6 days. Weber and Durham
(1996) observed that 90% activity was retained at 9 pH and 25°C in 24 hours.

Km and Vmax values of hydantoinase from NCIM 2875 were 35.97mM and
29.1U/mg protein respectively. Siemann et al. (1999) have estimated Km and Vmax
of their hydantoinase and, are 8 mM and 217 U/mg respectively. Fan and Lee (2001)
have estimated Km (13.3 mM) and Vmax (1422.9 micromoles/min. gm protein) of
the hydantoinase from adzuki beans. Km values of present enzyme is higher than
these two references. Vmax is lower than Siemann et al. (1999) and higher than Fan
and Lee (2001).

Hydantoinase in the present work was nearly 3 times more active on dihydrouracil
and 2 times on hydantoin, but was less active on p-hydroxyphenylhydantoin (table
14). Hydantoinase reported by Siemann et al. (1999) was less active against
dihydrouracil and p-hydroxyphenylhydantoin but 5 times active on hydantoin. The
hydantoinase used by Weber and Durham (1996) was more active against
dihydrouracil and methylhydantoin as compared to phenylhydantoin.

Though some people have reported enhancememnt of activity in presence of metal
ions. Hydantoinase reported by Park et al. (1999) required Mn for activity. But in the
present work no metal ions enhanced activity except the Ag ions were inhibitory
(table 15).

All these results corroborate with the findings of the present work.



Conclusion

Purification of hydantoinase enzyme was attempted using different methods
such as aqueous two-phase system, ammonium sulphate precipitation, ion exchange
chromatography and hydrophobic interaction chromatography (HIC) etc. With
aqueous two-phase system, enzyme recovery as well as specific enzyme activity were
poor whereas by precipitation with ammonium sulphate enzyme recovery was good
but specific activity was not improved much. Though enzyme activity was good by
when Amberlite IRA 900 matrix was used for ion exchange chromatography specific
activity was increased by only 2.7 times.
When phenyl-sepharose was as matrix for HIC enzyme was adsorbed on phenyl-
sepharose but it was not possible to elute the enzyme. Using macro prep t-butyl
matrix as HIC support obtained 235-fold purification and 21.98 % recovery of
hydantoinase was obtained.
Molecular weights of native hydantoinase and each subunit were determined and
were 193674 and 49330 respectively. Some properties such as optimum pH, optimum
temperature, pH stability, temperature stability, Km, Vmax, substrate specificity and
metal ion effect were studied. Hydantoinase was stable in the pH range of 7.0 to 9.0
and temperature below 30°C. Kinetic parameter namely Km and Vm values were

35.97 mM and 29.1 U/mg protein respectively.



Chapter 5

Immobilization of cells and hydantoinase enzyme



Summary

Cells of Pseudomonas sp. NCIM 2875 containing hydantoinase enzyme were
immobilized in calcium alginate and used for biotransformation of phenylhydantoin
to N-carbamoyl acid. Similarly, crude hydantoinase enzyme extracted from the cells
was immobilized on various matrices and bioconversion of phenylhydantoin to N-
carbamoyl acid and reusability of the immobilized enzyme was studied. Under
identical experimental conditions, free cells converted 81.2% of phenylhydantoin as
against 47.6% conversion for immobilized cells. But it was possible to reuse the
immobilized cells for 5 times. With hydantoinase immobilized on phenyl-sepharose
38.18% conversion was obtained as against 52.41% with crude enzyme. This
immobilized enzyme could be reused for five times. Hydantoinase enzyme
immobilized in 6% polyacrylamide gel converted 32.14% hydantoin to N-carbamoyl

acid and was reused consecutively for 7 times.



Introduction

Cells or enzymes either in free or immobilized form are used for biotransformations.
Very often these are expensive commodities in the bioconversion reactions and their
recovery and reuse is required for economic benefits. Free enzymes being soluble in
water cannot be recovered for reuse.

Cells can be recovered by centrifugation for reuse, but centrifugation after each use is
not economical on large scale. But the cells and enzymes on immobilization can be
reused easily. In this case large number of recycles of immobilized cells/enzyme are
desired to lower the cost of the process.

Cells and enzyme are immobilized by various methods. Entrapment of cells is one of
the most common methods for cell immobilization [Abott (1977), Brodelium and
Vandamme (1987)]. Cells are entrapped in gels like polyacrylamide gel, calcium
alginate, cellulose triacetate or collagen etc. Cell immobilization in calcium alginate
is extensively reported in literature [ Chevalier et al.(1989a,b); Ryu and Lee (1997);
Chen et al. (1999); McCabe et al.(2001); Carvalho et al.(2002) etc.].

Martin et al. (1998) immobilized Hydantoinase and carbamoylase on chitosan
and chitin. Several researchers have studied immobilization of hydantoinase [tablel].
Here, immobilization of Pseudomonas sp. NCIM 2875 cells and hydantoinase
extracted from the cells is reported and immobilized hydantoinase and cells were used
for biotransformation of phenylhydantoin to its N-carbamoyl acid. Cells were
immobilized in calcium alginate gel and hydantoinase enzyme, extracted from
Pseudomonas sp. NCIM 2875 was immobilized in polyacrylamide gel.
Immobilization of hydantoinase enzyme using celite, amberlite, macro prep DEAE-

support, macro prep butyl-HIC and phenyl-sepharose was also tried.



Table 1: Immobilization of hydantoinase

Source Cells / | immobilization system references
hydantoinase
enzyme
P. putida cells calcium alginate Chevalier et al.
(1989a)
P. putida DSM 84 | cells calcium alginate Chevalier et al.
(1989b)

B. sphaericus cells In polysaccharide beads Shiotani et al.
byinclusion & cross-linked with | (1991)
glutaraldehyde

Pseudomonas  sp. | cells polyacrylamide gel Kim et al. (1994)

KBEL 101

Bacillus enzyme DEAE-cellulose resin Lee et al. (1996)

stearother-

mophilus SD-1

Bacillus sp. | enzyme duolite AS68 Nanba et

KNK108 & | (hydantoinase & al.(1996)

recombinant E. coli | decarbamoylase)

Pseudomonas, enzyme immobilized on porous Mg-Al- | Kim & Kim

Bacillus, or silicate & treated with | (1997)

Arthrobacter gluteraldehyde-cong.  crosslinking
agent

lentil seeds enzyme DEAE-cellulose Rai & Taneja

(1998)
recombinant E. coli | cells calcium alginate Chen et al.(1999)

Arthrobacter enzymes Eupergit C, Eupergit C 250 L, and Ragnitz et al

aurescens (hydantoinase EAH-Sepharose (2001)

and L-N-

carbamoylase)




Materials and Methods
Chemicals

Phenylhydantoin was provided by Dr. M.S.Gaikwad (P.D. Division,
N.C.L., Pune). Sodium alginate (Loba Chem.,Bombay); celite 545 (SD Fine Chem.,
Bombay); amberlite IRA 900 (Sigma Chem.) and all other chemicals (AR grade)
were from SD Fine Chem (Bombay), were used.
Strain:

Pseudomonas sp. NCIM no. 2875 was used. It was maintained on nutrient

agar [beef extract 10, NaCl 5, peptone 10 and agar 20 g /L, pH 7.0].

Growth of culture and estimation of hydantoinase activity:
Growth of Pseudomonas sp. NCIM 2875 and hydantoinase activity of cells,
enzyme and protein estimation were carried out as mentioned in chapter 3. Extraction

of hydantoinase enzyme was performed as cited in chapter 4.

Immobilization of cells

2, 4 and 6% sodium alginate was prepared. 5 ml of the sodium-alginate
solution was mixed with 0.6 gram cells (wet wt.) and mixture was added drop-wise in
0.2M cold CaCl, solution with a syringe. Beads formed were kept at 4°C for 2 hours
and washed twice with distilled water. Biotransformation reaction was carried out by
using 0.05gram phenylhydantoin, beads containing immobilized cell (obtained from 5
ml sodium alginate solution) and 10 ml tris-HCI buffer (0.15 M, pH 9). Reaction
mixture was incubated on a shaker at 30°C temperature and 100 rpm for 4 hours.
After the reaction, immobilized cells were recovered by decanting the reaction
product and residual substrate, rinsed with distilled water and reused for next
biotransformation reaction as maintained above. These reuse experiments were
carried out till there was an appreciable loss in the activity of the cells. The results are

shown in figure 1.



Immobilization of Hydantoinase

Celite, Amberlite IRA 900 and Macro prep DEAE- support

1 gram each of celite, amberlite IRA 900 and Macro prep DEAE supports were
soaked in phosphate buffer. 5-ml hydantoinase enzyme was added to it and kept
stirring at 100 rpm and 30°C for 15 hours. Supernatant was decanted and matrices
were washed with buffer and used for biotransformation of 0.5% phenylhydantoin (in
10-ml volume) to N-carbamoyl acid in 10-hour reaction time. Results are shown in

table 3.

HIC matrices:

Phenyl-sepharose, macros prep butyl-HIC and macro prep methyl-HIC were
used for immobilization of hydantoinase. For this 1 gram matrix was equilibrated
with 1M (NH4):SO4 in 0.15 M K-phosphate buffer of pH 8.7 and hydantoinase
enzyme saturated with 1M (NH4),SO4 was added to the matrix. It was stirred at 100
rpm and 30°C for 1 hour. Supernatant was removed and matrix was washed twice
with buffer and used for biotransformation of 0.5% phenylhydantoin in 10-ml volume

at 100 rpm for 4 hours. Results are presented in table 4.

Polyacrylamide Gel

40% acrylamide-bisacrylamide solution was prepared by dissolving 38-gram
acrylamide and 2 gram bisacrylamide in distilled water. 0.89, 1.25 and 1.68 ml of this
solution was added to Sml enzyme, 0.2 ml of 10% ammonium persulphate and 0.2 ml
TEMED (N,N,N',N'-tetramethylene-ethylenediamine) to get polyacrylamide
concentrations of 6, 8 and 10% respectively and mixed well at 30 C. After 15 minute
gel was formed that was washed thrice with distilled water and was cut into pieces.
Biotransformation was carried out using enzyme immobilized in the polyacrylamide
gel pieces and reusability of the immobilized enzyme was studied. Results are

presented in table 5.



Results

(figure 1)
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Fig. 1: Cells were immobilized in alginate and used for biotransformation of

phenylhydantoin. 2, 4 and 6 % alginate was used for immobilized. Study of reuse of

immobilized cells is presented in above graph.



Table 2: Hydrolysis of phenylhydantoin by immobilized hydantoinase enzyme.

Matrix protein loaded activity retained | hydrolysis
% % %

celite 60.24 72 17.24

amberlite IRA 900 23.84 86.25 5.45

macro  prep  DEAE- | 47.69 53.73 21.81

support

Control = 52.1% (for celite and amberlite) and 54.54% (for macro prep DEAE-support).

Table 3: Hydrolysis of phenylhydantoin by immobilized hydantoinase.

Matrix protein activity hydrolysis %

loaded % | retained % | I II 1 v A% VI
phenyl-sepharose | 3.125 81.53 37.14 | 38.18 | 27.14 [ 29.45 | 14.18 | 1.45
butyl-HIC 10.76 94.6 21.81 7.87 532 1.09 | n.d. n.d.

n. d. = not determined

Control = 52.41 and 50.19% hydrolysis.

Table 4: Immobilization of hydantoinase in polyacrylamide gel: relative hydrolysis of

phenylhydantoin
Gel % relative hydrolysis %
I 11 111 v A% V1 Vil VIII
6 24 23.93 29.34 32.14 27.26 29.13 26.57 20.93
8 26.37 25.78 26.57 27.26 25.12 29.13 25.12 20.73
10 20.4 29.58 25.12 30.76 29.13 29.13 25.12 22.38




Discussion

From figure 1 it is clear that the cells immobilized in calcium alginate
converted phenylhydantoin significantly and few number of reuses were possible. As
compared to free cells (81.2%) conversions were lower which may be due to mass
transfer limitation and poor solubility of the substrate. It was also observed that
higher concentration of the alginate was better for the immobilization as that might be
restricting the leaching out of the cells. With each recycle percentage conversion was
decreased which indicated slow leaching of cells from beads.

Chevalier et al. (1989a,b) immobilized cells of P. putida DSM 84 in calcium
alginate and used for biotransformation of dihydrouracil and reported 40-45%
conversion of dihydrouracil. They found swelling and breaking of beads after 96
hours. Kim et al. (1994) have immobilized cells of Pseudomonas sp. KBEL 101 in
polyacrylamide gel and used for biotransformation of hydroxyphenylhydantoin and
found 50 hours half life which on supplying nitrogen source to the cells, was
increased to 25 days. Chen et al. (1999) studied biotransformation of
hydroxyphenylhydantoin using cells of recombinant E. coli immobilized in calcium
alginate and observed more than 95% conversion even after 3 cycle. Durham and
Weber (1995) used hypol for immobilization of cells of A. tumefaciens and used for
biotransformation of methylhydantoin and observed 78% conversion even after 8

cycle.

With hydantoinase immobilized on celite, amberlite IRA900 and macro prep
DEAE-support, biotransformation was poor whereas by using macro prep methyl-
HIC biotransformation was not at all observed that might be due to binding of active
sites of enzyme by methyl-HIC. Hydantoinase immobilized on butyl-HIC showed
some conversion but could not be reused. Lower conversion by butyl-HIC-
immobilized hydantoinase may be due to binding of the active sites of enzyme to the
matrix. Hydantoinase immobilized on phenyl-sepharose had shown good conversion

but after 5 recycle it declined to 1.45 % which may be due to washing out of



hydantoinase from the matrix (table 4). Fan and Lee (2001) have immobilized
hydantoinase from Adzuki beans. They treated hydantoinase entrapped calcium
alginate beads with polygluteraldehyde and used it for biotransformation of
phenylhydantoin and observed more than 95% conversion even after 5 repeated
batches.

In the present work, hydantoinase was immobilized by entrapment in
polyacrylamide gel and was used repeatedly for 8 times. Slow decline in the
conversion was observed. There was no effect of gel concentration on bioconversion
(table 5). Slight leaching out of the cells was observed in 7 and 8" use. Increasing

enzyme loading may increase bioconversion.



Conclusion

Cells of Pseudomonas sp. NCIM 2875 immobilized in calcium alginate in the form of
beads converted maximum of 47.6% phenylhydantoin to N-carbamoyl acid as
compared to 81.2% by free cells. Percentage conversion of phenylhydantoin was
decreased to half after 6" reuse. Hydantoinase enzyme immobilized on celite,
amberlite IRA900 and macro prep DEAE-support showed negligible conversion.
Whereas hydantoinase immobilized on phenyl-sepharose could be reused for 3 cycle
only. Hydantoinase immobilized in polyacrylamide gel could be reused successfully

for 8 times.



Chapter 6

General conclusions and future work



Growth and Hydantoinase production

In this thesis we studied hydantoinase enzyme from Pseudomonas sp. NCIM
2875. Optimization of growth and hydantoinase production was carried out in shake
flasks. Medium optimization and parameters for enhancing growth and hydantoinase
production were studied. When yeast extract was partly replaced by peptone increase
in enzyme activity was observed. Various carbon sources e.g. glucose, fructose,
sucrose, maltose, mannitol, glycerol etc. were used in the basal medium. Maximum
activity was obtained with glucose and cell yield also was nearly double that of the

control, therefore glucose was used in further study.

Both organic and inorganic nitrogen sources were used in the medium to find
out their effect on growth and hydantoinase activity. Use of soy-peptone, casein acid
hydrolysate, soybean meal, cottonseed meal and casein-soybean enzymatic digest was
done in the medium. Activity obtained using soy-peptone at pH 8.0 was comparable
with control. When casein-soybean enzymatic digest was used in the medium,
activity comparable with control at pH 7.5 and 8.0 was obtained. (NH4),SO4, NH4CI,
NH4NOs, NH4H,PO4, (NH4),CO; , NaNO3, KNOs3, and urea were used in the medium
as nitrogen source. Maximum activity was achieved by using NaNOs. Activity
obtained by using NaNO; was slightly more than KNOs. Less cell yield than control
was obtained with NaNO; and KNOs. In further studies NaNO; was used as nitrogen

source.

Optimization of inoculum age was performed in tube and flask. Inocula
having different age were used for study. An inoculum age of 18 -20 h was found to
be optimum for tube inoculum and flask inoculum. Optimization of harvesting time
was carried out. It was observed that 27 h is optimum for harvesting. Effect of
different salts with different concentrations was investigated. Salt concentrations had

no significant effect on hydantoinase activity.



Effect of inducers (of hydantoinase enzyme) was studied. Dihydrouracil,
hydantoin, and phenylhydantoin were used as inducers with different concentrations.
It was observed that hydantoin was the best inducer. Effect of different C/N ratios on
growth and hydantoinase activity was investigated. Maximum hydantoinase activity
was obtained by using C/N ratio 1.62 where NaNO; concentration was 1.5%.
However, cell yield decreased at this C/N ratio. In this medium yeast extract and
peptone was present. In absence of yeast extract and peptone less activity than that in
control was observed. This indicates that though yeast extract and peptone did not
have a pronounced effect on activity, it was required in the medium to provide the
co-factors necessary for growth. Only 0.1% of yeast extract and peptone was used in

the medium.

Optimization of other conditions e.g. pH and temperature was carried out.
Experiments were performed using different pH. A maximum activity at pH 8.0 was
obtained than at pH 7.5, however maximum cell yield was observed at pH 7.5. Effect
of various cultivation temperatures i.e. 30, 35 and 40°C on growth and hydantoinase
activity was studied. At 30°C more activity and growth was obtained than other
temperatures used.

The final composition of optimized growth medium was: Glucose 1, NaNO; 1.5,
KHyPo4 0.15, K,HPO4 0.48, yeast extract 0.1, peptone 0.1, MgSO4.7H,O 0.02,
CaCl,.2H,0 0.002, hydantoin 0.03% and trace element 0.1 ml/100ml , pH 7.5. Cells
were cultivated using this medium. Inoculum (grown in tubes and flasks) having 20
hrs. age was used. Cells were harvested at 27 hrs.. Using basal medium for
cultivation 0.43 unit hydantoinase activity was obtained but the optimized medium
yielded 4.63 units hydantoinase activity. One of the objectives of this study was to

arrive at a medium which would be simple and cost effective. This was achieved.



Extraction of Hydantoinase Enzyme

Extraction of hydantoinase enzyme was carried out from cells of
Pseudomonas sp. NCIM 2875. Different solvents, detergents and EDTA were used to
rupture or permeabilize cells of Pseudomonas sp. NCIM 2875. These cells were
further subjected to buffer extraction where hydantoinase enzyme was extracted from
cells into buffer. Methanol, ethanol, isopropanol, butanol, isoamyl alcohol, acetone,
methyl isobutyl ketone, ethyl acetate, 1,4-dioxan, toluene, xylene, hexane,
cyclohexane, ethylene dichloride, dichloromethane, dimethyl sulfoxide, diethyl ether,
petroleum ether, sodium dodecyl sulphate, triton X-100, tween-80 and EDTA were
used for rupturing or permeabilizing cells. Experiments were performed using 0.25-
80% w/w solvents, 0.95-22.47% w/w detergents and 1.63-5.79%w/w EDTA. Contact
time in the range of 15 min. to 9 hrs. was used. Buffer extraction was carried out for
3-20 hrs. Experiments were conducted at 30°C. In some experiments extractions were

carried out using solvents/ detergents/EDTA and buffer simultaneously.

When acetone, isopropanol and butanol were used for extraction from cell
poor results were obtained. When toluene, methanol, dimethyl sulfoxide, hexane,
cyclohexane, petroleum ether, 1,4-dioxan and  triton X-100 and
ethylenediaminetetraacetic acid (EDTA) were used for cell rupture or
permeabilization, enzyme recoveries below 20%. 20.9, 23.15, 21.89 and 25.22%
extractions were obtained with 5% isoamyl alcohol, 10% xylene, 10% methyl
isobutyl ketone and 40% dichloromethane respectively using 15 min. contact time
and 15 h buffer extraction time. 21.54, 27.23 and 22.51 % extractions were obtained
with 40% ethylene dicloride, 10% chloroform and 40% diethyl ether respectively in 1
h contact time and 15 h buffer extraction. 24.05 % extraction was achieved by
22.47% tween-80 in 2 h contact time and 15 h buffer extraction time. 31.42 %

extraction was obtained by using 10% ethanol with 6 h contact time and 20 h buffer



extraction time. Maximum 33.63% extraction was achieved when 10% ethyl acetate

was used for cell rupture with 2 h contact time and 15 h buffer extraction time.

Purification of Hydantoinase

Purification of hydantoinase enzyme was performed by using various
methods. Solvent precipitation, ammonium sulphate precipitation, aqueous two-phase
system, ion exchange chromatography and hydrophobic interaction chromatography
(HIC) were used for purification of hydantoinase. Properties of purified hydantoinase
were studied. Precipitation of enzyme was carried out using different solvents i.e.
acetone, methanol, ethanol, isopropanol, 1,4-dioxan, dimethyl formamide and
dimethyl sulfoxide. Though precipitation occurred recovery of enzyme activity was
nil. Purification study was carried out using aqueous two-phase system. Polyethylene
glycol-salt system was used where K,HPO4 and ammonium sulphate were used as
salts.  Different concentrations of polyethylene glycol (PEG), K,HPO, and

ammonuim sulphate were tested.

A maximum of 35.71% activity was observed in PEG phase when 12% PEG
(molecular weight 6000) and 8% K,HPO4 were used. Maximum 39.44% activity was
obtained in PEG phase when 16% PEG (molecular weight 400) and 25% ammonium
sulphate were used. Studies on aqueous two-phase system did not give very
encouraging results. Precipitation of enzyme was carried out using 20-72%
ammonium sulphate. Maximum 93.23% precipitation (activity basis) was observed
by using 72% ammonium sulphate. Maximium enzyme was recovered. but specific

activity did not show a significant increase.

Purification of hydantoinase enzyme was attempted using ion exchange resins.
Dowex 1*B50, Amberlite IRA 400, Tulsion A 2*MP, Indion polystyrene beads,
Indion 284, Indion 925, Amberlite IRA 900, Indion 870 and Indion 244 were tested
as matrices. Enzyme loading on Amberlite IRA 900, Indion 870 and Indion 244 was

appreciable, however the maximum enzyme loading was observed on Amberlite



IRA900. Elution was carried out using NaCl. Enzyme was eluted but there was not
activity. When Amberlite IRA 900 was used for enzyme recovery elution was carried

out with ammonium sulphate. Specific activity increased 3 times.

Hydrophobic interaction chromatography (HIC) was used for purification of
hydantoinase enzyme. Phenyl-sepharose and macro prep t-butyl support were used as
HIC matrices. Hydantoinase enzyme was adsorbed on phenyl-sepharose but could not
be eluted. Hydantoinase was adsorbed on macro prep t-butyl support. It was eluted in
washing followed after elution by urea. Purity of eluate was checked and was found

to contain pure hydantoinase.

Purity of hydantoinase enzyme was checked by SDS-PAGE. Single band was
observed. Properties of purified hydantoinase were investigated. Molecular weight
was determined on basis of Rf values obtained in SDS-PAGE. Molecular weight was
49,330. Molecular weight was also determined by gel filtration. Sephadex G-200 and
biogel P-300 gel were used as matrices. Molecular weights of hydantoinase enzyme
were 192100 and 195248 by using Sephadex G-200 and Biogel P-300 respectively.
Average molecular weight by gel filtration was 193,674. Therefore hydantoinase
enzyme exists as a homo-tetramer. Other properties of purified hydantoinase were
studied. Optimum pH and temperature were 8.5 and 30°C respectively. Hydantoinase
was stable in pH range 7-9.0 and at temperatures below 30°C. Halflife of
hydantoinase at 4°C and pH 8.5 was 216 hrs. Km and Vmax of hydantoinase enzyme
were 3597 mM and 29.1 U/mg protein respectively. Substrate specificity of
hydantoinase was determined. It was less active against p-hydroxyphenylhydantoin,
nearly 3 times active against dihydrouracil and 2 times active against hydantoin as
compared to phenylhydantoin. Effect of metal ion on hydantoinase activity was
investigated. Ag inhibited hydantoinase activity. Fe increased activity slightly.
Enzyme ctivity was inhibited by 10 mM of Mg, Mn, Zn, Cu, Ca and Al.



Immobilization

Immobilization of whole cells and crude hydantoinase was carried out. Cells
of Pseudomonas sp. NCIM 2875 were immobilized in calcium alginate beads and
used for biotransformation of phenylhydantoin. Maximum conversion was 47.6%
when immobilized cells were used whereas conversion using free cells was 81.7%.
The immobilized beads were used 5 times. Conversion efficiency decreased to below
half. Hydantoinase enzyme was immobilized on Celite, Amberlite IRA 900, macro
prep DEAE-support etc. Conversion efficiency of enzyme immobilized on Celite,
Amberlite IRA 900 and macro prep DEAE-support was poor. Hydantoinase enzyme
was immobilized on phenyl-Sepharose and macro prep t-butyl HIC-support. Good
conversion was observed with enzyme was immobilized on phenyl-Sepharose but
conversion went down to 1.45% after 5 recycle. Less conversion was observed using
enzyme immobilized on macro prep t-butyl HIC-support. Hydantoinase enzyme was
entrapped in polyacrylamide gel and used for bioconversion. Conversion efficiency

was low and after 7 recycles conversion efficiency started declining.



Future work

The work carried out in this thesis is mentioned above. Further scope of work
includes Growth and hydantoinase production in fermenter. This will increase growth
and hydantoinase production. Batch, fed batch and continuous culture studies require
be done in order to increase the growth and hydantoinase production. Simultaneous
work on N-Carbamoylase needs to be done. This can ensure complete conversion of
hydantoin to the corresponding amino-acid.

We have carried out extraction of hydantoinase enzyme by using solvents, detergents
and EDTA for cell rupture. Combination of solvents, detergents and other chemicals
will increase extraction efficiency. Techniques like solid shear (Bead Mill) need to be
examined as an alternate approach to enzyme recovery. There is further scope for
purification of hydantoinase using other approaches such as Foam flotation, Affinity
chromatography and membrane separation. Immobilization of free hydantoinase on
different matrices may improve efficiency. Entrapment of hydantoinase in
polyacrylamide gel could be further studied in detail. Some of the above mentioned

work will be undertaken for detail study in near future.
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