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For the first time, & pectin lyase (poly{meihoxygaliciuronide)lyuse; EC 4.2.2.10) from a member of the gencrus Pendeillinn was isolued, purified
to hamogeneity and ehuraeterized. The monomeric enzyme from Penicilliven italicam CECT 2294 cultire Rltrates showed u molecular mass af 34
kDa ufter SDS-clectrophoresiz in polyscrylumide gradient gels, and the isoelectric point was 8.6 as determined by isoeleetric focusing. The optimum
pH (9.0), the high pH und temperature stabilities, the ability (o degrade pecting from different sources and with a wide runge of degrees of esterifien.
tian (from A7% o B65%) us well us the importance of this type of biocatalyxts in the foad industry make this énzyme anvinteresting subject of study.

Foad industry; Peetin; Pectin Tyase; Pectalytic enzyme: Purifications Penicillium italivum

[. INTRODUCTION

Pectin lyase is the only enzyme currently known to be
able 1o cleave, without the prior action of other en-
_zymes, the a-1,4 glycosidic bond of highly esterified
pectins such as fruit pectin [1]. The importance of this

enzyme in both phytopathological processes and in -

recycling carbon compounds in the biosphere demand
the isolation of homogeneous preparations to find out
its properties and mechanism of action. In addition, the
industrial applications- of pectin lyase [2,3] (usually
available as a member of complex enzyme mixtures)
have developed a current need for pure enzyme
preparationsto allow more specific and controllable ef-
fects..Nevertheless, both in fungi and bacteria, the in-
formation about this enzyme is very scarce [4].

As far as the post-harvest spoilage of citrus products
is cuncerned, pectin lyase also has a great significance,
Among the microorganisms responsible for this pro-
cess,  Penicillium spp. (mainly P. iralicum and
Penicillium digitatum) are the most important examples
in terms of both quantity andquality [S]. Although

several studies about pectin lyases from Penicillium

spp. have been made [4], neither the isolation nor the
characterization of the homogeneous enzyme after
SDS-electrophoresis and IEF have been described. This
paper reports .a purification procedure capable of
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yielding a pure preparation of pectin lyase from a P.’
fralicum  strain  and  describes  some  relevant
physicochemical and catalyuc properties of this en-
zyme,

2. MATERIALS AND METHODS

2.1, Maerials

Mono P, Phenyl-Superose and Superose 12 columns, PhasiGel
8-25, SDS bufter strips, Polybuffer 96, ampholytes (8-10.5), and
molecular weight and isoelectric point markers were obtained from
Pharmacia (Uppsala, Sweden). DEAE-cellulose (DE-52) was from
Whatman (Maidstone, UR). CM-cellutose, Phenyl-Sepharose CL-4B,
acrylamide, N,N!-methylene-bisacrylamide; SDS, and citrus pectin

- were purchased from Sigma'(St. Louis; MO). Apple pectin was a kind

gift from OBl Pektin (Bischofszell, -Switzertand), Gel filiration
molecular weight markers were obtained from Boehringer (Man.
nheim, Germany). The potato. dextrose agar medjum was from
bioMérieux (Charbonnitres les bains, France). The protein assay dye-
reagent was from Bio-Rad (Munchen, Germany). All other chemicals
were reagents of analytical grade supplied by Merck (Darmstad, Ger-

Jnany).

2.2, Growth of P. 1tahcum

P. italicum CECT 2294 (also available as ATCC 66636) was obtain-
ed from Coleccidn Espafiola de Cultivos Tipo, Valencia, Spain, and
maintained in potato dextrose agar medium, Cultures were grown in

" 5.liter Erlenmeyer flasks, containing 250 g of wheat bran and 250 m!

of water at 28°C in a constant-temperature room, The flasks were in-
oculated with a suspension of germinated spores (10%/ml in 20% (v/v)
glycerol) grown for 4 days in potato dextrose agar. Filtrates were
prepared after 72 h of growth by adding distilled water to the bran
(100 m! of water to 10 g of dry bran) and allowing the suspension to
remain. with gentle shaking. After ‘1 h, the liquid was decanted,

-filtered through a nylon filter, and finally centrifuged at 10 000 x g

and 4°C for 30 min: After this time, the supernatant was dialysed at
4°C against distilled water and considered as the- starting.crude ex-
tract.
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2N Purification a]‘ pectin {yaye
All $1eps were cuvried out al room (emmrmure.

‘241 DEAB-¢eilulose chmmamamphy
The pH value of the dialysed crude extract (about 4.15) was ad-
Justed with NaOH to pH 8.0 and passed though a DE-32 celumn (9.0
% 12.8 ¢m) equilibrated with buffer A (0.08 M Tris-HCI, pH 8.0) at
an approximate Mow rate of 35 mi/min. Pectin lynse activity was net
retained in the column and was recovered as the DEAEelluloxe
elume

2.3.2, CMcellulose chromatography

The above cluate wax acidified with HCl until pH 6.0 and passed
through a CM-¢ellulose column (9.0 » 11.5 em) equilibrated with
0.01 M citrare-phosphate, pkl 6.0, After properly washing the ¢olumn

with the same buffer, pectin lyase activity was eluted with 0.25 M -

¢itrate-phosphate, pH 7.0

2.1.3. Phenyl-Sepharose CL-4B chromatography

The active fractions were pooled and solid ammonium suiphate was
added up to 0,75 M, The resulting solution was adsorbed to a Phenyl-
Sepharose column (1.7 % 10.0 em) equilibrated with 0.73 M am-

monium sulphate in 0.25 M citrate-phosphate, pH 7.0 ata flow rate

of 2ml/min. After wishing the column with the equilibration buffer,
pectin “lyase achivity: was cluted | with buffer B (0.028 M
1,3-diaminopropane-HCl, pH 10.5).

2.3.4. First Phenyl-Superose chromatography

The active fractions were pooled, adjusted 10 1 M with solid am-
monium sulphate and loaded (flow rate of 0.5 ml/minyonto an FPLC
Phenyl-Superose (HR 3/5) column equilibrated with 1 M ammonium
sulphate in buffer B using FPLC Pharmacia equipment (Uppsala,
Sweden), After washing with 15 ml of equilibration buffer, pectin
lyase was cluted applying a linear-gradient of 22.5 m! from'1 M to 0

M of. ammonium sulphate in buffer B. The active fractions were pool-"

ed and dialysed overnight at 4°C against buffer B.

2.3.5. Mono P chromatography )

The dialysed preparation was applied to an FPLC-chromato-
focusing Mono P (HR 5720) column equilibrated with buffer B, A
flow rate of 1.0 mi/min and a pH gradient fron 9.0 to 6.0 were used.
After equilibration of the column, and once the preparation was in-
jected onto the column, the pH gradient was formed by applying 30
ml of 1:10 diluted Polybuffer 96-HCI (pH 6.0).

2.3.6, Second Phenyl-Superose chromatography
The active fractions were collected and dialysed overnight against

buffer A. Solid ammonium sulphate was added to the dialysate up to’

1 M and the resulting solution was adsorbed to an FPLC Phenyl-
Superose (HR 5/5) column equilibrated” with 1 M ammonium
sulphate in buffer A at a flow rate of 0.5 ml/min, Pectin lyase was
eluted with a linear gradient of 22.5 ml from 1 M to 0 M of am-
monium sulphate in buffer A. The purified pectin lyase was dialysed
against buffer A and stored at - 20°C until used.

2.4, Amino acid determination

The amino ‘acid composition was determined by the. Pico-Tag
method (Waters: Associates, Milford, MA) by monitoring at 254 nm,
The hydrolysis method used damages the Trp residues and does not
work with Cys.

2.5, Enzyme assays -

Pectin lyase activity was determined spectrophotometncally
(Shimadzu UV-260 spectrophotometer) by monitoring the increase in
Azss as previously described [6]. The reaction mixture (1.25 ml) dur-
ing the purification studies contained: 0.25 M citrate-pliosphate, pH
6.0, 0.5% w/v citrus pectin (DE 70%) and the appropriate amount of
enzyme, The assays with the pure enzyme were carried out with the
same final volume but with 0,25 M 1,3-diaminopropane-HCl, pH 9.0,
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I% wiv of ciirws pectln (DE 88%) and 0.1 ag m’ enzyme. Preineuba-
tons were carrled out as 407 C for 10 min, and the reacton wasstarted.
by adding the enzyme. Both assays were chevked following the
Selwyn's test (7] aned 5o ¢nzyme inuctivation was deteeted under ex-
perimental eanditlons, Control tubes contained -distilled water In
substitution far the enzyme. Pectin lyase eatalytle studies with apple
pectin as substrate were earried out in the same conditions, but with
a subsirate concentration of 0.4% w/v. One unit of activivy is the
amount of enzyme which produces an incréase of one unit af Ay per
minute. The inerease of the Ayys originated by the formadon of the
unsaturated methyl-oligosaceharides can be (ransmrmed in pmoles of
preduct by using the extinetion eoefficient of 3300 M "' cem {1}

2.6. Absorption spectrium

The :absorption spectrum wag recorded at room temperawire
against a buffer blank in a Shimadazu UV-260 spectrophotometer with
cuvettes of | un pathlcnmh

2.7, Pur{/‘wmmn ‘and h,y/)ernwlho\ylmmn of peclm
Pectin was purified and highly esterified as described by Van
Houdenhoven [8).

2.8. Polyacrylamide gel electrophoresis

Polyacrylamide gel clectrophoresis was carried out in a Pharmacia
PhasiSystem equipment (Uppsala, Sweden), SDS-electirophoresis was
performed in 8-25% w/v acrylamide gradient gels (PhastGel §-25)
with PhastGel SDS ‘buffer strips. Native-clectrophoresis was carrled
out in homogeneous (25 % w/v) gels with native buffer strips, lab-
made as described in the PhastSystem Separation Technique File No,
300 (Pharmacia). The electrophoretic conditions were those deserived
in the PhastSystem Separation Technique Files No. 110 and 300
(Pharmacia), and the SDS-and native-clectrophoresis were stopped

.when the Bromoplenol blue marker had reached the anode or the fuc-

sin the cathode. Proteins were stained using silver ‘staining
(PhastSystem ‘Development Technique ‘File No, 210, Pharmacia).
Pectin lyase was located in the gels by anatysing the activity [4] after
cutting the gels'and soaking the resulting picces in buffer A,

' 2.9. Isoelectric point determination

Isoelectric. point was: determined by I[EF in. a Pharmncm
PhastSystein equipment as described in the PhastSystem Separation
Technique File No. 100, Polyacrylamide (5% w/v) gels used contain-
ed an ampholyte concentration of 22 umol + (ml * pH unit) = ', capable
of generating a pH gradient from 10.5 (cathode) to 8.0 (anode), pl
markers were cytochrome ¢ (pf 10.25), trypsinogen (pl 9.30), lentil

»lectin-basic (pl 8.65), lentil lectin-middle (p} B.45), and lentil lectin-

acidic (pl 8.15).

2.10, Analytical methods \
Protein content was determined by the method of Bradford {9) with
bovine serum albumin as the standard.

3. RESULTS

Table I summarizes a typical purification from 5
litres of culture filtrate, Pectin lyase was purified more
than 1500-fold, with a final yield of 41%. The purified
enzyme had a specific activity of 3934 units/mg protein
at 40°C.

After the last step, the enzyme preparation gave a
single protein band - on silver stained . native-

- electrophoresis (Fig. 1, Native) with a positive reaction

for increasing absorbance at 235 nm activity. The purity
of the pectin lyase preparation was also confirmed by
the single protein band detected in the silver-stained
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' Table | , '
: .. Purifieation of peetin lyase from. P, halicum ,
Purification step Volume Total activity Tetal protein Specific activity - Purifieatdon. Yield
{ml) AWy () (LU/mg protein}  (-Told) (%)
~ Crude. Extract 4880 1147 684 1.6 § 100
DEAE:¢ellulase 4890 1390 233 68,5 26 91
CM-¢ellulose 486 1361 136 100 iR 8
Phenyl-Sepharose 10 1350 1.8 4d s 17
Phenyl-Superose | K 1039 0.57 1821 o 59
Mono P . ' 2 742 0.44 1686 648 42
Phenyl-Superose 11 2 720 0.8 9% 1513 41

The enzyme was assayed at pH 6,0 (0.5 M clirate-phosphaie) and 40°C..in « final volume of 1.25 mi. Citrus pectin (DE 70%) at § mg/ml was

used as substrate.

SDS-PAGE and isoelectric focusing (Fig. 1, SDS and
1EF). :
- The molecular mass of pectin lyase was estimated by
two methods: SDS-electrophoresis in acrylamide gra-
dient gels and gel filtration, The molecular mass obtain-
ed by the first method was 34 kDa (Fig. 1, SDS).
However, when - the same preparation - was
chromatographed through a gel filtration Superose 12
column, a much lower value (22 kDa) was calculated,
~The same gel filtration column was utilised to deter-
mine the Stokes radius of the pectin lyase (2.44 nm).
The frictional coefficient (1.32) calculated for this en-
zyme from the data obtained with the Superose 12 ¢ol-
umn is not very different from that calculated by

assuming a molecular mass of 34 kDa (1.14). These
values are similar to those reported for two isoenzymes

" purified from Aspergillus niger (Stokes radius values of

2.44 and 2.28 nm, and frictional coefficient values of
1.10 and 1.06, respectively) {8].

~The isoclectric point of the enzyme determined by
isoelectric focusing was 8.6 (Fig. 1,-IEF). ‘

Table LI shows pectin lyase amino acid composition.
Lys,: Asp, and. Ala seem ‘to be the most abundant
residues among the amino acids determined. On the
contrary, Phe, Pro, His and Arg show a minor
presence. As far as the majority and minority residues
are concerned, these results are similar to those
reported for the pectin lyase from A. niger {8].

SDS Native IEF
kDa s pH

10.25
9.30
865

94 —
845

67

43
8.15

30

20.1

14.4 <8.00

Fig. 1. Analysis of pectin lyase from: P. italicum by SDS-electrophotesis in polyacrylamide gradient gel's. (SDS), by native-elgctrophoresi.s in

homogeneous gels (native), and by isoelectric focusing (IEF). Samples, containing 75 ng (SDS) or 150 ng (native and 1EF) of protein, were stained

using silver staining. Gels on the left- and right-hand sides are molecular mass and pl markers, respectively, O and Frepresent the origin and front,
respectively.
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Table 11
Amino acid composition of the pectin lyase from 2. ftalicum
Aminoe acid % mol
Lys ‘ ; 12.1
Asp 10,3
Ala , 9.7
Gly 9.0
Val 7.7
Ser 7.
Thr 6.9
Met 6.9
He 6.7
Glu E-X)
Tyr 4.1
Leu 4.1
Phe 3.0
Pro 2.6
His 2.3
Arg 2.1

Figures represent the percentages caleulated with respect to the
measured amino acids (Asn, Cys, Ginand Trp were not determined).

The absorption spectrum of the purified enzyme
from P. italicum showed a typical protein spectrum
containing no-chromogenic prosthetic groups (no ab-
sorption between 320 and 750 vim) and an absorption
maximum and minimum at 277 and 255 nm, respective-
ly-(Fig. 2). The molar absorption coefficients were 24.2
x 10* M~t.cm™' (at 277 nm) and 187 x 10°
M~!'.cm~! (at 255 nm). This spectrum was very
similar to that reported for the Aspergillus japonicus
enzyme [10]. ,

- P, italicum pectin lyase catalyzed the cleavage of pec-
tins from different sources (citrus and apple) with a
wide range of DE (from: 37% to 86%) by a
transeliminative process. The pure enzyme showed no
pectate lyase activity when 0.5% w/v of polygalac-
turonic acid and'0.8 mM calcium chloride were used to
measure the.increase of absorbance at 235 nm and pH
9.0. :

A Ky, for citrus pectin (DE 860%) of 15.0 mg/ml was
calculated from a Hanes plot of the initial velocities of
increase in Azss. at different substrate concentrations
and at pH 9.0, The obtained V was 26.8 U/ml with a
catalytic yield (¥/Kn) of 1.8 U/mg of pectin. Citrus
pectin resulted as a:more efficient substrate than apple
pectin and the more esterified both of these polysac-
charides were, the higher activity values were obtained.

The effect of temperature from 35 to 55°C on pectin
lyase activity was examined. The activity increased up
to 50°C and the activation energy calculated from an
Arrhenius plot was 16 kJ/mol.

Pectin lyase from P. italicum was fully thermostable
until 45°C and-20% of the activity remained after
heating the enzyme for 10 min at 65°C. The enzyme was
completely inactivated after 10 min at 80°C. The ther-
mal inactivation was a first-order reaction with an ac-
tivation energy of 181 kJ/mol.
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Fig. 2. UV absorptian spectrum of the purified peetin lyuse from
Penicillivm ftalicem In .08 M Tris-HCL, pH 8.0, and al room
) temperature,

The pH dependence of the pectin lyase activity was
studied in citrate-phosphate (3.0-7.0), potassium
phosphate - (6.0-8.0), Tris-HCl (7.0-9.0), . and
1,3-diaminopropane-HCI (8.0-12.0) buffers. The op-
timum pH of pectin lyase for pectin transelimination
was 9.0, the profile of activity versus pH being affected
by the substrate concentration (from pH 5.0 to0 9.0 with
citrate-phosphate and Tris-HCl) and not by the DE
(from 6.0 to ‘10.0 with citrate-phosphate . and
1,3-diaminopropane-HCI).

The pH stability of pectin lyase ‘'was noteworthy as
only 39% of the activity was lost after maintaining the
enzyme for.313 h at 4°C and pH 3.0. When the same
treatment was performed at pH 10.5, the remaining en-
zyme activity was 93%. of the initial, showing a high
stability at basic pH values. Pectin lyase was completely
stable in 50 mM Tris-HCI buffer (pH 8.0) for 24 h at
room ‘temperature, for several weeks at 4°C and for
months at —20°C, in the absence of thiol or chelating
reagents. « ‘ : '

4. DISCUSSION

After the pectin lyase discovery by Albersheim et al.
{11] and although several authors have reported the
isolation of preparations néarly homogeneous after
SDS-PAGE or IEF [4], pectin lyase has only been
purified to homogeneity and characterized trom the
fungal genera Aspergillus, Dothidea, Ganoderma and
Rhizoctonia, and from the bacteria Erwinia and

. Pseudomonas [8,12-16].

in the cas¢ of Peniciiiium spp., pectin iyase has been
detected in crude preparations of Penicillium citrinum,
P. italicum and: Penicitlium paxilli [17-19] and several
efforts-have been made to obtain enriched fractions of
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the e”nzynw in P, digitatum, Penicillivm expansunt and
P. italicum {20-22}]. Nevertheless, neither a purification

scheme. capable of yiclding- an homogeneous pectin

lyase preparation after SDS-PAGE or IEF nor a
physico-chemical and catalytic-characterization of the
enzyme from this generus have been developed up to
date.

The purification scheme here repcrted deseribes, for
the first time, the application of a hydrophaobie interae-
tion chromatography to obtain a homogeneous pectin
lyase preparation from a fungus source. This prepara-
tion showed a specific activity of 3934 U/mg protein at
40°C (pH 6.0) with citrus pectin {(DE 70%) which cor-
responded to 7650 U/mg protein - at the same
temperature (pH 9.0) with citrus pectin (DE 86%), The
former value is similar to that reported-in Dothidea
.ribesia (3790 U/mg protein) {12] but much higher than

those shown by enriched pectin lyase preparations of

Penicillium spp. (22-48 U/mg protein) (20,22] and
other fungi (30-355 U/mg protein) (8,10,23,25]. In
bacteria, pectin lyase specific activity values of 433 (Er-
winia chrysanthemi EC 183) (25} and 1907 U/mg pro-
tein {Ps. fluorescens) [16] have been reported. The lack
of standardization in the assays (mainly in temperature
and substrate conditions) is supposed to be the respon-
sible, to some extent, for the diversity of values.

The achieved degree of purification of P. italicum
pectin lyase (more than 1500-fold), represents the
highest value obtained not only in fungi but also in
bacteria (4]. In addition, the final yield of activity
(41%) is within the range of reported works (11-55%)
and much higher than those obtained from previous
purification attempts developed in Penicillium spp.,
always with yields lower than 10% [20,22].

Unlike -many phytopathogenic “microorganisms
{8.13,23,24,26), P. italicum produces only one pectin
lyase, which consists of a single polypeptidic chain of 34
~kDa as determined by SDS-clectrophoresis in
acrylamide gradient gels. A molecular mass of 22 kDa
for the pectin lyase of P. italicum was observed after gel
filtration chromatography. Albersheim and Killias [6],
and Bugbee [14] reported retardation of the pectin lyase
when it was applied to gel filtration columns using
distilled water and 0.2 M sodium chloride in 0.05 M
.Tris-HCl, pH 8.3, respectively, as the eluants. This in-
teraction between the enzyme and the gel gave false low

molecular weights. As a result of this evidence, and .

because this method is not generally as accepted as-the
- SDS-PAGE one, 34 kDa seems to be the most reliable
value for the molecular mass of pectin lyase. This value
is consistent with every pectin lyase reported, ail of
them having a monomeric structure and similar
molecular masses (31-35 kDa).

About the isoeleciric point (8.6); the P. italicum en-
zyme is within.a group of basic pectin lyases from fungi
(isoelectric point > 8.) only described in culture filtrates
of Colletotrichum lindemuthianum (two isoenzymes
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with pl of 8.2 and 9.7) [26] and purified from D. ribesia
(8,9) [12] and Rhizocionia solani [14). Basic pectin
Iyases have usually been. dewribed in. bacteria ,
[16,25,27].

Pectin Iyase from P. ifalicum is more active with
citrus pectin as substrate than using apple pectin, this
behaviour being also reported for the purified enzyme
from Ps. flrorescens [16]. One common Feature of pec-
tin lyases is the increasing of the activity when pectin
esterification increases (10,12}, This fact lias also been

. observed in our preparations when both pectins (eitrus

and apple) were used as substrate, the P. ifalicum pectin

Iyase being able to cleave pecting with a DE from 37%

to 86% . Nevertheless, a partially purified pectin Ivase-
which is more effective in degrading low ¢sterified pec-

tins has been described in Auwreobasidium pullulans

[24].

The lack of standardization in the substrate utilised
and in the temperature and pH conditions during the
assay make it difficult to compare the K, values of pec-
tin lyases from different microorganisms. With this

_ consideration, Ky, values of 1.8 mg/ml for citrus peétin

(DE 65%) in enriched pectin lyase preparations of A.
niger [6] and 3.2 mg/ml in D. ribesia {12] have been ob-
tained in fungi. In bacteria, Ky values for highly
methoxylated pectins from 0.5 to 9.3 mg/ml have been
described in E. chrysanthemi EC 183, E. chrysanthemi
GIR 2002, and Ps. fluorescens [15,16,25]. Despite the
low affinity of the pectin lyase from P..italicum to
citrus pectin (DE 86%) when it is assayed at pH 9.0 (K,
= 15.0 mg/ml), this enzyme shows its highest activity
under these conditions. The low affinity could be ex-
plained by means of an electrical repulsion between the
substrate and the enzyme (both negatively charged at
pH 9.0). " Preliminary studies developed in our
laboratory with P. italicum pectin lyase have yielded
lower K, values for citrus pectin (DE 86%) when the ac- -
tivity is assayed at pH 6.0. Those results support-the
hypothetical electrical repulsion which would not hap-

pen at pH 6.0 (the enzyme is now positively charged).

The results show that the difficulty in achieving the for-
mation of the complex enzyme/substrate (low affinity)
at pH 9.0 is followed by a remarkable reactive capacity
(high activity).

The optimum pH shown by P. ltahcum pectin lyase
(9.0) includes this enzyme within a minority group of
fungal (only a 10% of those reported) which show a
pectin lyase with an optimum pH equal or higher than "
9.0 [26,28]. The optimum pH for some pectin lyases has
been described as buffer composition- and buffer and
substrate concentration-dependent {8]. As we have also
observed this substrate concentration-dependence in
our experiments, we thought that this fact could explain
the different optimum:pH values described in the
literature: for the same microorganism. ~

The effect of pH on the stability of pectin lyase from
P. italicum showed that the enzyme is more stable at

339



Volume 280, number 2 -

basic pH (up to 10.5) and in a wider range of pH (from
3.0 to 10.5) than many pectin lyases from other
microorganisms (10,16,23,24]. This enzyme, besides be-
ing resistant to freezing and thawing processes at pH
8.0, is stable even at concentrations as low as 6.5 ug pro-
tein/ml while other pectin lyases, as that from A.
Japonicus, lose their activities at concentrations lower
than 20 ug protein/ml {10]. In the bacterium Ps,
Jluorescens, the freeze/thawing process produces a
20% loss of pectin lyase activity [16].

The temperature effect on P. iralicumn pectin lyase

was similar to that reported for the fungal and bacterial

enzymes, whose optimum temperatures ranged from 33
to 55°C were reported [10,12,24,25]. The E, values

described for the fungal enzyme ranged from 6.2t0 35.0.

kJ/mol, although these values must be affected by the
substrate source, the pH and the temperature range
studied,

Finally, pectin lyase from P. iralicum showed higher
thermostability than some pectin lyases described not
only in fungi [10,12,23] but also in bacteria [16,29], ex-
cept two isoenzymes partially purified from Auw.
pullulans which displayed similar thermostability to the
P. italicum pectin lyase [24]. Especially thermo-
unstable is the pectin lyase from the fungus D. ribesia
which loses 100% of activity in the range of 40-50°C

{12] and the enzyme from the bacterium Ps. fluorescens

whose activity is inactivated for 30% after 10 min. at
36°C [16].

The relevant role plaved by P. italicum mwspoxlage of
citrus products and the importance of pectin lyase in
phytopathological and industrial processes justify cur-
rent and future efforts to get a more convenient
understanding of the enzyme from this microorganism.
Studies on the mechanism .of action, the alteration of
vegetable tissues by this biocatalyst, and enzyme im-
mobilization will give us the opportunity to complete
this understanding.
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