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Abstract — A 32 kg-motl extracellular esterase frafathrobacter nicotiana®458 was purified to
homogeneity by 4 chromatographic steps. The optimum pH and temperature for enzyme activity
for B-naphthyl butyrate were 7.0 and 30 °C, respectively. The esterase retained between 50-55%
of the maximum activity at pH 5.5 and 15 °C and was completely inactivated by heating for 1 min at
65 °C. Among th@-naphthyl derivatives of various chain length (C2-C18:1), the highest activity was
on B-naphthyl butyrate. The enzyme was moderately active on tributyrin and was less active on tri-
caproin. The esterase was markedly inhibited by phenylmethylsulfonyl fluoride and to a lesser extent
by EDTA. Divalent cations such as¥gSr?*, C&* and Hg* also inhibited the enzyme. This char-
acterization showed that the extracellular esteragetbfobacter nicotiana®458 may contribute

to the ripening of smear surface-ripened cheeses.

Arthrobacter/ esterase / smear surface-ripened cheese

Résumé— Purification et caractérisation d'une estérase exocellulaire produite pafrthro-

bacter nicotianagd458.Une estérase de 32 kg-migisolée dArthrobacter nicotiana®458, a été

purifiée a ’homogénéité selon 4 étapes chromatographiques. Les valeurs optimales de pH et de tem-
pérature pour l'activité de I'enzyme étaient respectivement de 7,0 et 30 °C. L’enzyme conservait
entre 50 et 55 % de I'activité maximale respectivement a pH 5,5 et & 15 °C. Elle était complétement
désactivée apres un traitement a 65 °C pendant 1 min. Testée sur lefeddapighyl de différents

poids moléculaires (C2 - C18:1), elle présentait I'activité la plus élevée Bumdehthyl butyrate ;
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elle était moyennement active sur la tributyrine et encore moins active sur la tricaproine. L'estérase
était partiellement inhibée par 'EDTA et trés fortement par le phenylmethylsulfonyl fluoride. Les
cations divalents comme e Sr#*, C&*, Hg?* avaient également un effet inhibiteur. Il résulte de
cette caractérisation que I'estérasertlirobacter nicotiana®458 peut contribuer a la maturation de
fromage a crodte lavée.

Arthrobacter/ estérase / fromage a cro(te lavée

1. INTRODUCTION also major components of mould surface-
ripened cheeses, such as Brie and Camem-

Arthrobacterspp. are Gram-positive Pert[32].
chemoorganotrophs with a respiratory | o\ molecular mass compounds are pro-
metabolism; they are never fermentativey,ceq in the smear and surface layer of these
and are widely distributed among the bac peeses by the combined action of hydro-
terial populations in the soirthrobacter |55e5 mainly microbial and of extracellu-
spp. are major components of the smeé5 qrigin, although intracellular and cell-
microflora of surface-ripened cheeses. Bacy,nd enzymes may also contribute. The
terial smear surface-ripened cheeses (€. itfysion of these compounds into the inte-
Limburger, Brick, Munster, Saint-Paulin, visr of the cheese is required for the devel-
Appenzeller, Trappist, Taleggio and Quargyment of the characteristic qualities of the
tirolo) can be loosely defined as cheeses inraqyct, The enzymes or microbial cells are
which the large numbers of bacteria Pr€considered much too large to diffuse into
sent on the surface of the cheese play a Siyne cheese [20, 34]. Free fatty acids make
nificant role in determining the final char- 5, important contribution to the develop-
acteristics and attributes of the cheesément of the characteristic flavour during
Arthrobacterspp., together with yeasts andcpeese ripening. Woo et al. [50] reported
Brevibacterium linenswere the main iyt the total free fatty acids in Limburger
microorganisms found in Limburger cheeseang i 2 samples of Brick cheeses ranged
during ripening [10]. Coryr_1eform_ bact_erlafrom 402 to 4 187 mg-kg The most sig-
from 21 brick cheeses (including Lim- niticant factor in determining the degree of
burger, Romadur, Weinkéase and Harzeriy v sis in bacterial smear surface-ripened
produced by 6 German dairies were identicheeses is the production of lipases and
fied asArthrobacter nicotianagB. linens  egterases by the surface microflora. Lipoly-
Corynebacterium ammoniagen&d ic and esterolytic enzymes from yeasts [1,
C. variabilis[49]. After an initial variability g 44), filamentous fungi [42] arMicro-
of the surface microflora of Tilsiter cheesescoécuq’z 30] have been extensively studied

from 14 Austrian cheese plants, the numaq el as lipolytic and esterolytic enzymes
ber of yeast cells decreased, followed b\ g linens[14, 17, 18, 29, 43, 47]. Lipoly-

the growth of a mixed population compose;c ang esterolytic activities have also been
of A. citreus A. globiformis A. nicotianae  yetected in lactic acid bacteria [4, 5, 23, 26,

A. variabilis, B. linensandB. ammonia- 57 35 38 41] and iRropionibacterium
gened12, 13]. The yellow-green colouration I8, 36, 37].

of the surface of Taleggio cheese is mainl

caused by. globiformisandA. citreug40]. Despite the high cell numbers in the

Other Italian cheeses, e.g., Quartirolo ansmear and their importance in determining
Robiola, containedrthrobacterspp. on the the characteristic qualities of bacterial smear
cheese surface [39%rthrobacterspp. are surface-ripened cheeses, the role of the
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extracellular enzymes éfrthrobacterspp. Superose 12 HR10/30 were obtained from
has probably been underestimated witlPharmacia-Biotech, Uppsala, Sweden.
respect to other surface bacteria species suElEAE-cellulose, Sepharose 6B, inhibitors,
asB. linens Apart from a few studies on substrates, Fast Garnet GBC sulfate salt,
the enzymology of soi\rthrobacterspp. Coomassie Brilliant Blue R250 and protein
[3, 24, 33], to our knowledge only prote-molecular weight standards were purchased
olytic enzymes (2 extracellular proteinasegrom Sigma Chemical Co. (St Louis, MO,
and an extracellular proline iminopeptidase}JJSA).
from dairyA. nicotianaehave been purified
and characterized [45, 46].

In this article, we report on the purifica-
tion and characterization of an extracellu- The freeze-dried supernatant preparation

lar esterase fror. nicotiana€d458, atyp- from the cultivation ofA. nicotianaewas
ical species isolated from the bacterial smeaesuspended in 50 mmot-ipotassium

2.3. Enzyme purification

of surface-ripened cheeses. phosphate (KPi) buffer, pH 7.0, and dia-
lyzed for 24 h at 5 °C against the same
2. MATERIALS AND METHODS ~ puffer.
The sample was applied to a DEAE-cel-
2.1. Microorganism, growth lulose anion exchange column (5Q.6 cm
conditions and harvest inside diameter) and proteins were eluted

at a flow rate of 54 mL with a linear

Arthrobacter nicotianae9458 was NaCl gradient (0 to 0.5 mol) in
obtained from the culture collection of the50 mmol-L=1 KPi buffer, pH 7.0 (gradient
University College Cork, Irelandi. nico- volume, 500 mL). Active fractions were
tianae 9458 was precultivated and culti- pooled, dialyzed against 50 mmotHKPi
vated (7 L) in nutrient broth, supplementedbuffer, pH 7.0, concentrated 10-fold by
with yeast extract (0.5%, w/v), at 28 °Cfreeze-drying and subjected to gel filtration
under shaking conditions (150 rpm) for 72 hon Sepharose 6B (#02.0 cm inside diam-
The cells were removed by centrifugationeter). The elution was carried out with
at 16 000g for 15 min at 4 °C in order to 450 mL of 50 mmol-t*KPi buffer, pH 7.0,
obtain the cell-free supernatant. Cells wergontaining NaCl 0.15 mol-t, at a flow rate
in the late exponential growth phase. Micro-of 42 mL-h. Active fractions were pooled,
scopic observations showed short- tdglialyzed against distilled water, freeze-dried,
medium-length rod-shaped cells; coccoidesuspended in 50 mmofiKPi buffer, pH
cells, which appear in stationary phase cul?-0, containing 1.7 mol (NH,),SO, and
ture, were not present. Moreover, intracelapplied to a Phenyl-Superose HR5/5
lular aminopeptidase activity, assayed agydrophoblc interaction Collumn. After load-
described by El-Soda and Desmazeaud [15]9 the sample, the protein was eluted at a
using leucinep-nitroanilide (2 mmol-t1  flow rate of 24 mL-h' with a linear
final concentration) in methanol as substratﬁ%NHz:)zSQ gradient from 1.7 to 0 mol-Lin
was not detected in the cell-free supernatane® mmol-L* KPi buffer, pH 7.0 (gradient

The cell-free supernatant was freeze-dried/0lume, 25 mL). Active fractions were
pooled, dialyzed, freeze-dried and resus-

pended in 20 mmolAl KPi buffer, pH 7.0.
2.2. Chemicals Esterase was then purified on an FPLC
Mono-Q HR5/5 column by eluting with a
Prepacked fast protein liquid chro-linear NaCl gradient from 0 to 0.5 motiL
matography (FPLC) columns of Phenyl-at a flow rate of 45 mL# (gradient vol-
Superose HR5/5, Mono-Q HR5/5 andume, 20 mL).
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2.4. Protein determination from milk fat, as described by Dupuis et al.
[9]. The emulsion was prepared by sonicat-
During the purification steps, the proteining at maximum amplitude for 3 min (Sony
was determined by using a Bio-Rad Proteifrep, model 150, Sanyo, UK) a 10% (w/v)
Assay Kit (Bio-Rad Laboratories, Hercules,aqueous solution of gum arabic and 10%
CA, USA) using bovine serum albumin as(V/v) triglyceride mixture. After cooling in
standard. The elution profile of the proteinan ice-water-ethanol bath, 200 of enzyme
for conventional column chromatographysolution were added to 5@a of emulsion
was monitored by measuring absorbance &final concentration of triglycerides,
280 nm. 0.11 mol-L1), 800uL of 50 mmol- -1 KPi,
pH 7.0, containing sodium azide (final con-
centration, 0.02%). After incubating for
2.5. Enzyme assays 12 h at 30 °C, FFA were extracted from the
acidified (at pH 3.0 with 1 mol4 HCI)
Esterase activity (acetyl ester hydrolasereaction mixture by a 60:40 mixture of
EC 3.1.1.6) during purification was deter-diethyl ether/light petroleum and titrated
mined as described by Gobbetti et al. [23]with 0.05 mol-L! alcoholic KOH to
usingB-naphthyl butyrate. The assay mix-pH 10.0 using an auto-titrator [19]. A unit
ture contained 160L of 50 mmol-I-1KPi  of activity was defined as the amount of
buffer, pH 7.0, 2QL of B-naphthyl butyrate enzyme that catalyzes the release jfnbl
(5 mmol-L=1 in methanol; final concentra- of FFA per min.
tion 0.5 mmol-tY) and 20uL of enzyme
solution. After incubation for 2 h at 30 °C,
the colour was developed by adding 0.6 mL 2.6. Enzyme characterization
of Fast Garnet GBC sulfate salt preparation
(0.25 mg-mttin 10% (w/v) sodium dode-  2.6.1. Molecular mass measurement
cyl sulphate) followed by incubation at room
temperature for 15 min. Absorbance was

measured at 560 nm and, using a standagg j egterase was estimated by sodium dode-
curve, the specific activity was expressed.; ¢ ,itatepolyacrylamide gel electrophore-
aspmol of B-lnaphtholoreleased per min pefrqjq (SDS-PAGE) and by FPLC gel filtration.
mg of protein at 30 °C and pH 7.0. Othelgpg pAGE was conducted according to the
B-naphthyl esters of C2 to C18:1 fatty acid§ ,ommji procedure [28]: the gels contained

were used to determine substrate specifiCity, o, acrylamide (separation distance
To determine the relationships betweerlo cm: gel thickness, 1 mm) and weré

hydrolytic velocity and substrate cONCeN-aine( with Coomassie Brilliant Blue R250.
tration, the enzyme solution was incubategg )\ ine albumin (66 kg-mob), egg albu-

at 30 °C with various concentrations of 1 g

_ min (45 kg-mot?), pepsin (34.7 kg-mof)
B-naphthy_llbutyrate_ ranging from 0.3 10 5 rynsinogen (24 kg-nd) were used as
18 rEmoI-L - The activity wasf mammurgjrat molecular mass standards. Gel filtration was
a substrate concentration of 0.5 mmor-L o4y cted on a Superose 12 HR 10/30 col-
(which was the final substrate concentray, ;mn calibrated with the above protein
tion used in the assays). The Lineweaver,

Burk plot showed that th ion foll OIr'nolecular weight standards. Equilibration
urk plot showed that the reaction followedy the column and elution were performed
a Michaelis-Menten kinetic.

using 50 mmol-t1 KPi buffer, pH 7.0, con-

Lipase activity (acylglycerol acylhydro- taining 0.15 mol-t1 NaCl. 100uL of each
lase, EC 3.1.1.3) was measured by thstandard protein or enzyme solution were
release of free fatty acids (FFA) from vari-applied to the column and eluted at a flow
ous triglycerides (from C4 to C18:1) andrate of 0.5 mL-mint.

The relative molecular mass of the puri-
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2.6.2. pH and temperature optima enzyme solution with chemical reagents
(final concentration 4 mmol), for 20 min

The enzyme activity in the pH range ofat 30 °C in 50 mmol-t! KPi, pH 7.0. The
4-11 was determined at 30 °C, using g@eaction was initiated by addifignaphthyl
universal buffer composed of boric acidbutyrate and the activity was measured after
(0.57 mol-I=Y), citric acid (0.33 mol-tY),  incubating at 30 °C for 2 h.
NaH,PO, (0.33 mol-L%), NaOH (5 mol-£?),
and various amounts of 1 motiHCI [7].
The enzyme activity was also determine
in 50 mmol-L1 KPi buffer, pH 7.0, over a
temperature range of 5-60 °C. In both cas
B-naphthyl butyrate was used as substrate.

To determine the sensitivity to NaCl, the
nzyme solution was incubated for 2 h at
0 °C in 50 mmol-t1 KPi, pH 7.0 in the
resence dB-naphthyl butyrate and 0, 1, 2,
igor 10% NacCl.

2.6.3. Heat stability 3 RESULTS

Portions (4QuL) of the purified enzyme o
in 50 mmol-LX KPi, pH 7.0, were heated ~ 3-1- Enzyme purification
in capillary glass tubes at 40-70 °C for sev-
eral min. At intervals, samples were cooled Results from purification of the extra-
and the residual activity was measured agellular esterase from. nicotianae9458
30 °C onp-naphthyl butyrate, as describedare summarized in Table I. Chromatogra-

previously. phy on both DEAE-cellulose and on
Sepharose 6B resolved the esterase activity
2.6.4. Effect of inhibitors, divalent into one peak corresponding to the major
cations and NacCl protein peak (data not shown). Further

purification was achieved by FPLC on a
The effect of inhibitors or divalent cations Phenyl-Superose column; the esterase was
was determined after pre-incubating theeluted at 0.0 mol-t! (NH,),SO,. The

Table I. Purification of an extracellular esterase frAnthrobacter nicotiana®458.
Tableau . Purification d’une estérase exocellulaire isolé&rttirobacter nicotiana®458.

Purification Total Total Specific Purification  Activity
step protein  activity activity® factor yield
(mg) @mol-mirY  (umol-mglmirr? (fold) (%)
Dialyzed retentate
of cell-free supernatant 135.4 980.4 7.2 1.0 100
DEAE-cellulose 20.6 569.8 27.7 3.8 58
Sepharose 6B 7.2 455.3 63.2 8.7 46
Phenyl-Superose 1.6 258.9 161.8 22.5 26
Mono-Q 0.7 1711 244.4 33.9 17

2 Esterase activity during purification was determined as described in Section 2.4-nsjigthyl butyrate as
substrate. After incubation for 2 h at 30 °C, the colour was developed by adding 0.6 mL Fast Garnet GBC sulfate
salt. The specific activity was expresseguaml of B-naphthol released per min per mg of protein at 30 °C and

pH 7.0.

a’activité de I'estérase au cours de la purification était effectuée comme décrit en section 2.4, en utilisant le
B-naphthyl butyrate comme substrat. Aprés incubation 2 h a 30 °C, la couleur était développée par ajout de 0,6
mL de sulfate Fast Garnet GBC. L'activité spécifique était exprim@enehde-naphthol libéré par min et par

mg de protéine a 30 °C eta pH 7,0.
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enzyme was then purified by chromatogra- 3.2.2. pH and temperature optima

phy on a Mono-Q anion exchange column; and heat stability

purified esterase was eluted at 0.33 ndl-L

NaCl. After the final anion exchange chro- The optimum pH for the esterase was 7.0

matography, the enzyme was homogeneoud it retained 50, 75 and 90% of its maxi-

by SDS-PAGE with a 34-fold purification, mum activity at pH 5.5, 6.0 and 6.5, respec-

a final recovery of 17% and a specific activ-tively (Fig. 2). At pH 7.0, the optimum tem-

ity of 244 umol-mirml-mgL. This enzyme perature was 30 °C; about 37 and 55% of

preparation was used for the subsequent bithe maximum activity was expressed at

chemical characterization. 10 and 15 °C, respectively (Fig. 2). The
activity rapidly decreased above 40 °C.

The enzyme retained 60% of the maxi-
mum activity after heating for 10 min at
45 °C and was completely inactivated by
heating for 1 min at 65 °C.

The purified enzyme showed a single o
band on SDS-PAGE, corresponding to 3.2.3. Substrate specificity
a molecular mass of about 32 kg-mol . .
(Fig. 1). Approximately the same value was 1 he highest activity of-naphthyl esters
estimated by FPLC gel filtration on Super-Was that determined @hnaphthyl butyrate

ose 12 HR10/30 (data not shown), suggest@b- Il). The activity ranged from 36 to
ing that the enzyme is a monomer. 74% of the maximum whef-naphthyl
esters of C2 to C10 fatty acids were used as

substrates. No activity was detected on
B-naphthyl esters of C12 to C18:1 fatty
1 2 3 acids.

_ Among the triglycerides, the maximum
66.0 k. mol! _ activity was detected on tributyrin, and the
B activity on tricaproin was 22% of that found

- e on tributyrin. Triglycerides of C8 to C18:1
. 3 and milk fat were not hydrolyzed (Tab. II).

3.2. Enzyme characterization

3.2.1. Molecular mass measurement

45.0kg. mol™

3.2.4. Effect of inhibitors, divalent
cations and NaCl

34.7 kgmol! £l Extracellular esterase frof nicotianae
' ' 9458 was markedly inhibited by the serine

‘,--.'

.

24.0 ke, mol” enzyme inhibitor PMSF, and to a lesser
TR o extent (42% of the maximum) by the metal

_ ' chelator, EDTA (Tab. Ill). The reducing

Figure 1. SDS-PAGE of the extracellular agent dithiothreitol (DTT) and the sul-

Lanes: 1, reference proteins (see Materials a e Ol

Methods); 2, cell-free supernatant; 3, purifiegﬂfg’zﬁ% Zé%ﬁénnﬁgoaégmicgﬁzﬁ t_Pr']%I
reparation. ) . :

prep enzyme was moderately stimulated by the

Figure 1. SDS-PAGE de I'estérase exocellulaire Iohvdryi . Neethvimalei
purifiée dArthrobacter nicotiana@458. Lignes :  SulPhydryl-reactive reageit-ethyimalel-

1, protéines de référence (voir Materials andnide (NEM). Several divalent cations, i.e.,
Methods) ; 2, surnageant ; 3, estérase exocell@a*, Hg?*, ClL?*, Ni* and Zif* partially
laire. inhibited the enzyme, which was completely
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Figure 2. Effect of pH @) and temperaturas() on the activity of the purified extracellular esterase
from Arthrobacter nicotiana®458. Esterase activity was determined as described in Section 2.6.2.,
usingfB-naphthyl butyrate as substrate. After incubation for 2 h at different pH or temperatures, the
colour was developed by adding 0.6 mL Fast Garnet GBC sulfate salt.

Figure 2. Effect du pH @) et de la températura} sur I'activité de I'estérase exocellulaire purifiée,
produite paArthrobacter nicotiana®458. L’activité de I'estérase a été déterminée en présence du
substra-naphthyl butyrate, comme décrit dans la section 2.6.2. Aprés une incubation de 2 h a dif-
férentes valeurs de pH ou température, la couleur a été développée apres I'addition de 0,6 mL de sul-
fate Fast Garnet GBC.

Table Il. Relative activity (%) of the extracellular esterase frrtihrobacter nicotiana®458 on
B-naphthyl esters, triglycerides of fatty acids and milk fat.

Tableau Il. Activité relative (%) de I'estérase exocellulaire isolé&rthirobacter nicotiana®458
mesurée sur les est§maphthyl, les triglycérides des acides gras et sur la matiere grasse du lait.

Substrate Relative activity%) Substrate Relative activity%)
B-Naphthyl Triglycerides and milk fat

Acetate — C2 69 Tributyrin 100
Butyrate — C4 100 Tricaproin 22
Caproate — C6 74 Tricaprylin 0
Caprylate — C8 53 Tricaprin 0
Caprate — C10 36 Trilaurin 0
Laurate — C12 0 Trimiristin 0
Myristate — C14 0 Tripalmitin 0
Palmitate — C16 0 Tristearin 0
Stearate — C18 0 Milk fat 0
Oleate — C18:1 0

2The relative activity ofs-naphthyl esters in solution and on triglycerides of fatty acids in emulsion was calcu-
lated assuming the activity of 10 units of esteras@-naphthyl butyrate and tributyrin to be 100%.

2| 'activité relative sur les esters fienaphthyl en solution et sur le triglycérides d’acides gras en émulsion était
calculée en attribuant la valeur de 100 % a I'activité de 10 unités d'estérase sur le bufsraipluayl et la tri-
butyrine.
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inactivated by F& and SR*. Mn2* showed At the end of ripening, the surface
a low inhibitory effect, while Mg had no  Microflora of bacterial smear surface-ripened

effect on activity. cheeses is dominated by acid-sensitive bac-
. teria, such aBrevibacteriumMicrococcus
The activity of the extracellular eSteraseCmynebacteriurmndArthrobacter[lZ].

was not inhibited at pH 7.0 and 30 °C bypixed cultures, suitable for surface ripening,
concentrations of NaCl up to 5%, but was,5ye peen developed, and include

moderately reduced in the presence of 10%1rthrobacterspp. [11].

NaCl (data not shown). )
AlthoughArthrobacterspp. together with

B. linensare the main microorganisms found
4. DISCUSSION on several bacterial smear surface-ripened
cheeses, until this study was carried out the
A 32 kg-mat! extracellular esterase from esterases and lipases of dairghrobacter
A. nicotianaed458 was purified to homo- spp. had not been studied

geneity and characterized. The extracellular esterase frofn nico-

tianae9458 is a monomer with a molecular
mass of about 32 kg-nTél While the intra-
Table Il. Effect of chemical reagents and diva—F:e”UIar esterase froB. linensATCC 9174
lent cations on the activity of the extracellulariS @ tetramer with a molecular mass of
esterase fromrthrobacter nicotiana®458. 201 kg-mot?! and is composed of four
Tableau IIl. Effet des réactifs chimiques et des54 kg-mot™ subunits [43], 3 esterases iso-
cations divalents sur l'activité de I'estérase exolated fromBrevibacteriumsp. R312 were

cellulaire dArthrobacter nicotiana®458. monomers with molecular masses of 38,
- - — 45 and 56 kg-mot [29]. Esterases purified

Reagerior cation Residual activi®(%)  from Lactococcus lactissp.lactis [48],

EDTA 42 Lactobacillus plantarunf21] andLc. fer-

mentuni23] are monomeric, with molecu-

ZEA,\SAF 111§’ lar masses of 64, 85 and 67 kg-miol
lodoacetic acid 78 respectively.

DTT 75 The purified esterase froM nicotianae
p-HVB 88 9458 is inhibited by several cations &Ga
CaZ: 14 Hg?*, Cw*, Ni2*, H#* and Zr#*) and is
Fez+ 0 completely inactivated by Beand SA*;
C“; 29 Mg2* had no effect on activity. The intra-
ﬁgﬂ 22 cellular esterase from. linensATCC 9174
M2+ 63 was strongly inhibited by Ct, Ni2*, Cd?*,
Mg2* 96 Zn?* and Hg*, while Mg?* and C&" had
Ni2+ 29 no effect on activity [43]. Three partially

Sre+ 0 purified esterases froBrevibacteriunsp.
R312 were inhibited by Hg and were not
aEDTA: ethylenediaminetetracetic acid; PMSF: activated by Mg* or C&* [29]. Purified
phenylmethylsulfonyl fluoride; NEMN-ethyl-  esterases frorMicrococcusspp. [2] and
maleimide; DTT: dithiothreitolp-HMB: p-hydroxy  from c. lactisssp.lactis [48] were inhibited

mercuric benzoate. + T 24 +
b 100% activity represents the enzyme activity towarcpy ng and C¢ ; Mg and C&" showed

B-naphthy! butyrate with no reagent or cation added.NO €ffect on enzyme activity. HOWGVeJrr, it
b Une activité de 100 % représente I'activite deh@s been reported that Mgand C& B
I'enzyme sur le butyrate dznaphthyl sans ajout de increased the activity of the esterases purified
réactif ou de cation. from L. plantarum[21] andL. fermentum
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[23] which, similarly to the extracellular  The extracellular esteraseAfnicotianae
esterase from\. nicotianae9458, were 9458 had pH and temperature optima of 7.0
inhibited by Hg*. The extracellular esteraseand 30 °C, respectively. Similarly, crude
from A. nicotiana€9458 is a serine enzyme preparations of esterases from lactic acid bac-
that is inhibited by PMSF and stimulatedteria [16, 26, 27] and purified esterases from
by NEM. Similarly to the serine esteraseL. caseissp.casei[31], L. plantarum[21,
from L. fermentunj23], the activity of the 38] andL. fermentunj23] had pH and tem-
enzyme ofA. nicotianae9458 was affected perature optima at 6.5—7.0 and 30—40 °C,
by EDTA and iodoacetic acid but not byrespectively. The intracellular as well as the
p-HMB. cell-bound esterase froBh linensshowed

Esterases hydrolyse esters in solution?H @nd temperature optima of about 7.5 and

: ; 5 °C, respectively [43, 47]. The extracel-
and may also hydrolyze tri- and especiall y L X
di- and monoglycerides containing Short-_lu(l)a;ﬁztesrg;e cﬁhtﬂgorﬂz\?(?r’?jrisz;i?;ﬂedat
Chalrll fatty acgjs. Lipases le drolyze estlerglﬁH 6.5 and ;5 °C, respectively. In the{ase
emulsion and occasionally water-solu e ' A
substrates [6, 27]. The enzyme examined iff ggf;eéﬁ‘é Sggjgzuigﬁfslr'%eonrﬁ?ng?eeetﬁgs’
this study is an esterase because it strong?; y

hvdrolvzed water-soluble-naphthvl esters rface because they are acidotolerant and
o?‘/fatt))// acids from C2 toBhCS F()hyd¥olysis of halotolerant. Growth of yeasts and moulds

C10 also occurred) and, among the triglyc—on the surface of the cheese results in an

erides, it hydrolyzed tributyrin, and to a "créase of pH, due to the combination of
lesser extent tricaproin in emulsion. Thelactate utilization and ammonia production,

esterase from\. nicotianae9458 clearly Which encourages the growth of less acid-
demonstrated a preference for short-chaifP!€rant microorganisms such@sevibac-
fatty acid esters d8-naphthol. Compared teriumspp.,Micrococcusspp. andhrthro-

to the activity or-naphthyl butyrate, the Pacterspp. buring ripening, the pH on the
activity on B-naphthyl acetate, caproate,surface of Taleggio cheese increases from
caprylate and caprate was 69, 74, 53 anﬁ‘2 t0 6.5 [22].

36%, respectively (Tab. Ill). Esterases from Tolerance to or activation by NaCl is a
B. linens[43, 47],L. fermentun{23], prerequisite for the activity of bacterial
L. plantarum[21] andPropionibacterium enzyme in the smear of the surface-ripened
spp. [8, 36] also showed a preference foeheeses. Similarly to extracellular pro-
short-chain fatty acid esters. Esterase frortginases [45] and proline iminopeptidase
L. fermentunonly hydrolyzed tributyrin  [46] from A. nicotianae9458, the extracel-
among some triglycerides [23]. Woo et allular esterase fromA. nicotianae9458 is
[50] quantified the major free fatty acids in quite insensitive to NaCl.

several smear surface-ripened cheeses. Sjnce the esterase Af nicotianae9458

Despite the variation in the concentrationgs an extracellular enzyme which retains
and proportions of free fatty acids, suchconsiderable activity at the pH, temperature
cheeses contained high levels of C4 and Cnd NaCl concentration of ripening and
free fatty acids which contribute to the mainly releases short chain fatty acids, it
cheese flavour. Compared to the blue-veineghay contribute greatly to flavour develop-

Cheeses, the concentration of |0nger fattYnent in smear surface_ripened cheeses.
acids is very low in smear surface-ripened

cheeses. This characteristic indicates that
the extracellular esterase fraknicotianae REFERENCES
9458 may release C4 and C6 fatty acids dUIﬁ] Alifax R., Lipolytic activity of yeasts isolated

ing ripening and may contribute to flavour from various foods, Ann. Technol. Agric. 28
development. (1979) 255-272.
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