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For the lirst time. ;~ p¢¢lin I~¢at¢ (pol~,+(methoxy~al.eturonide)lyam: EC 4.~... 101 rrom a memlx~r of the llcnerus P~.h+llltm~ w.s i~olatcd, pttrilied 
to homolleneit~ and chttracterixed, "rh~ t~tonomeric ~nz~.me fronl Pe~tirllli~m~ italieum C'ECT 2294 culture flllral¢~, sho,.ved a mole~:ular ma,~s o£ 34 
k Dm after SDS.electrophoresis in pol)'acr~,'lumide gradient ~,cls. attd the isoeleetric point w~ts li,6 as determined by isoelectric toe,using. Th~ optimum 
pt l  (9.0), the Itillh pH .nd  temperature stnhilitie~ the abilib' to deBt,de pectins from diffcrenl sources and whh a wide ranl~le ofde~recs ofesteritien. 

ti~n (rrt~m 37% Io B6,.~] as well . s  lhe imp0rtanec of" this tl~+p¢ o f  biocalaly~ts in lhe food industry make tllhl enzyme an  intere~tim[t mtbject of study. 
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1. INTRODUC'TION 

Pectin lyase is the only enzyme currently known to be 
able to cleave, without the prior action of other en- 
zymes, the e~-l,4 glycosidic bond of highly esterified 
pectins such as fruit pectin [1]. "rhe importance o f  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 ~ction. 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 
preparations to allow more specific and controllable ef- 
fects. Nevertheless, both in fungi and bacteria, the in- 
formation about this enzyme is very scarce [4] 

As fat' 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, Penicilliun2 spp. (mainly P, italicum and 
Penicillium digitatum) are the most important e×amples 
in terms of both quantity and quality [5], 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-e!ectrophoresis 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. 
italicum strain and describes some relevant 
physicochemical and catalytic properties of this en- 
zyme. 

2. MATERIALS AND METHODS 

2. I. Afttterials 
Mono P, Phellyl-Superos¢ and Superose 12 columns, Pl`t:tstGel 

8-25. SDS buffer strips, Pol:,,buffcr 96, ampholytes (8-10.5). and 
rnolecular weight and isoelectric point markers were obtained from 
Pharrnacia (Uppsala, Sweden). DEAE.cellulose (DE-52) was from 
Whatman (Maidstone, UK). CM-cellulose. Pl~enyI-Sepharose CL-4B, 
acrylarnide, NoN'-methylene.bisacrylan`tide, SDS, attd citrus pectin 
were purchased front Sigma (St, Louis, MO), Apple pectin was a kind 
gift fron`t OBI Pektin (Bischofszell. Switzerland), Gel filtration 
molecular weight markers were obtained frorn Boehringer (Matt. 
nheirr~, Germany). The potato dextrose agar medium was from 
bioM~rieux (Charbonni~:res les ba ins, France). The protein assay dye. 
reagent was frorn Bio-Rad (Munchen, Germany), All other chemicals 
were reagents of analytical grade supplied by Merck (Darmstad, Get. 
many). 

2,2, Growth of  P. italicum 
P, italicum CECT 2294 (also available as ATCC 66636) was obtain- 

ed from Colecci6n Espaf`tola de Cultivos Tipo, Valencia, Spain, and 
maintained in potato dextrose agar medium, Cultures were grown in 
5-liter Erlenmeyer flasks, contair~ing 250 g of wheat bran and 250 ml 
of water at 28°C in a constant.temperature room, The flasks were in- 
oculated with a suspension of germinated spores (106/ml in 20o10 (v/v) 
glycerol) grown for 4 days in potato dextrose agar, Filtrates were 
prepared after 72 h of growtl~ by adding distilled water to the bran 
( 100 ml of water to 10 g of dry bran) and allowing the suspension to 
remain with gentle shaking, After I h. the liquid was decanted, 
filtered through a nylon filter, and finally centrifuged at I 0 0 0 0 x  g 
and 4°C for 30 rain. After this time, the supernatant was dialysed at 
4°C against distilled water and considered as tile starting crude ex- 
tract. 
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2,3, Pur~¢arlon ~f pe¢~ln /X.a=¢ 
All steps wer~¢ carried out at room temperature, 

2,LI ,  DEAE.c;dlulose chromacoMraphy 
The pH value of Ihe diaiysed crude extract (aboul 6.1'~) was ~d. 

jtlsled with NaOH to pH IL0 and passed thou=It a DE.St column (9,0 
x 12.5 ca) equilibrated with buffer A ¢0,05 M TrB-HCI, pH 8.0) at 
an approximate flow rate of 25 mhCmin, Pectin lyase activity wast not 
retained in the cohlmn and was recovered as the DEAE.ccllulose 
eluate. 

2.3.2, CM.cdlulose chromatoMraplw 
The above eluate was acidified witl~ HCI until pH 6,0 and passed 

throtqlh a CM.celiulose column (9.0 x 11.5 ca) equilibrated with 
0.01 M citrate.phosphate, pH 6,0, After properly washing the column 
will1 tile same buffer, pectin lyase activity was eluted with 0,25 M 
citrate.phosphate, pH ?,0. 

2.3,3, PhenyI.Sepharose CL.4B chromatography 
The active fractions were pooled and solid ammonium sulphate was 

added up to 0,75 M The resuhing solution was adsorbed to a Phenyl. 
Sepharose coh|mn (I.7 x 10.0 ca) equilibrated with 0.7.1 M am. 
monium sulphate in 0.25 M citrate.phosphate, pH 7.0 at a flow rate 
of 2 ml/min. After washing the column with tile equilibration buffer, 
pectin lyase activity was eluted with buffer B (0.025 M 
1,3-diaminopropane.HCl, pH 10,5). 

2.3,4, First Phenyl.Su~eros¢ chromatography 
The active fractions were pooled, adjusted to I M with solid am- 

monium sulphate and loaded (flow rate ofO,$ ml/min)onto an FPLC 
Phenyl.Superose (FIR ~/5) column equilibrated with I M ammonium 
sulphate in buffer B using FPLC Pharmacia equipment (Uppsala, 
Sweden), After washing with 15 ml of equilibration buffer, pectin 
lynse was eluted applying a linear gradient of 22,S ml from I 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,S. Mono P chromatography 
The dialyscd preparation was applied to an FPLC.chromato- 

focusing Mono P (HR 5,'20) column equilibrated with buffer B. A 
flow rate of 1.0 ml/mia and a pH gradient from 9,0 to 6.0 were used 
After equilibration of tile column, and once tlae preparation was in- 
jected onto the column, the pH gradient was formed by applying 30 
ml of h i0  diluted Polybuffer 96-HCI (pH 6.0). 

2.3,6, Second PhenyI-Superose chromatography 
The active fractions were collected and dialysed overnight against 

buffer A. Solid ammonium stqphate was added to the dialysate up to 
I M and the resulting solution was adsorbed to ar FPLC Phenyl- 
Superose (HR 5/5) column equilibrated ~¢i.:h 1 M ammonium 
sulphate in buffer A at a flow rate of 0,5 ml/min, Pectin lyase was 
elated with a linear gradient of 22.5 ml from i 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 spectrophotometrically 

(Shimadzu UV-260 spectrophotometer) by monitoring the increase in 
A2~5 as previously described [6], The reaction mixture (1.25 ml) dur- 
ing the purification studies contained: 0.25 M citrate-phosphate, pH 
6,0, 0.5°70 w/v citrus pectin (DE 70070) 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, 

1% w/v of  cttru~ peedn (DE m6~) and O. I eLI or enxyme, Preincaba. 
lions were c~.r tied oal at 4(PC for I0 mitt, and Ihe r~actlon wa~ ~tarled 
b~ addinl! the ¢nzTme. Both asstays were che,;ked followin= the 
$elwyn's lestl [T] and no eaxyme iaa~;tivaliOn wast detected under ex. 
perlmentai conditions. Control robes comal.ed distilled water In 
substitution for the enzyme. Pectin lyase g~lalytlc studies with apple 
pectin as ~ubsttrale were carried out In the statue conditions, but wilh 
a subslrate con,:eatratlon of  0,4~ w/v. One unil of a~aivity is the 
amount of  enzyme which produces an increase of one anh of  A=~ per 
minute. The increase of the A==~t oriMinated by the formation or the 
unsaturated methyl.oliMosacehand.~ can be transformed in pmolesot 
product by usinli the extil"~ction coefficient of 5S00 M" ' ,  cm" I l l ] .  

2,0, A bxorpt/o~ zpectrunt 
The absorption spectrum was recorded at room temperature 

a~ainst a buffer blank in a Shimadzu UV.260 spectrophotometer with 
cuvettes of I em pathlenith. 

2.'/, Purification and hYl)ermothoxxhttlon of pectin 
Pectin was purified and highly esterified as described by Van 

Houdenhoven [81, 

2,8. Polyacrflamide I~¢1 ¢leetrop/torexls 
Polyacrylamid¢ gel dectrophoresis was carried out in a Pharmaela 

PhastSystem equipment (Uppsala, Sweden), SDS-electrophoresis was 
performed in 8-25~0 wlv acrylamide gradient gels (PhastGel 8-25) 
with PhastGd SDS buffer strips, Native.clectrophoresis was carried 
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 dectrophoretic conditions were those described 
in the PhastSystem Separation Technique Files No I10 and 300 
(Pharmaeia), and the SDS-and native.electropltoresis were stopped 
when the Bromophenol blue marker had reached theanod¢ 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 analysing the activity [4] after 
cutting the gels and soaking the resulting pieces in buffer A. 

2,9, lsoelectric pohtt determination 
lsoelectric point was determined by IEF in a Pharmacia 

PhastSystem equipment as described in th ~ PhastSystem Separation 
Technique File No, I00. Polyacrylamide (5¢/0 w/v) gels used contain- 
¢d an ampholyte concentration of 22 #tool,  (ml • pH unit)" ', capable 
of  generating a pH gradient from 10,5 (call, ode) to 8.0 (anode), pI 
markers were cytocl~rome c (pl I0,25), trypsinogen (pl 9,30), lentil 
lectin-basic (pl g,65), lentil lectin-middle (pt 8,4~), 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. R E S U L T S  

T a b l e  I s u m m a r i z e s  a t y p i c a l  p u r i f i c a t i o n  f r o m  5 
l i t r e s  o f  c u l t u r e  f i l t r a t e .  P e c t i n  lyase  was  p u r i f i e d  m o r e  
t h a n  1 5 0 0 - f o l d ,  w i t h  a f i na l  y i e ld  o f  4 1 % .  T h e  p u r i f i e d  
e n z y m e  h a d  a s p e c i f i c  a c t i v i t y  o f  3934 u n i t s / r a g  p r o t e i n  
a t  4 0 ° C .  

A f t e r  t he  l as t  s t ep ,  the  e n z y m e  p r e p a r a t i o n  gave  a 
s i n g l e  p r o t e i n  b a n d  o n  s i lve r  s t a i n e d  na t ive -  
e l e c t r o p h o r e s i s  (F ig .  I ,  N a t i v e )  w i t h  a p o s i t i v e  r e a c t i o n  
f o r  i n c r e a s i n g  a b s o r b a n c e  a t  235 n m  ac t iv i t y .  T h e  pur i ty  
o f  t h e  p e c t i n  l y a s e  p r e p a r a t i o n  was  a l so  c o n f i r m e d  by  
t h e  s ing le  p r o t e i n  b a n d  d e t e c t e d  in t h e  s i l v e r - s t a i n e d  
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Purtf icatto~ sl~p Volume 
(ml) 

Crude ]~xlra¢! 4~180 
DEAE,¢el lulos¢ 4890 
CM,¢el lulose 4t~6 
Pl~enyl.Sepharose 10 
Phenyl.Superose I 3 
Mon~ P 2 
Phen~'t.Superose II 2 

Table I 

Purlfi¢=ttion or pet, In lyas¢ f rom P. I#ulicmn 

(U) (m~) (U/roll protein) (.fold) (~) 
1747 664 L6 1 100 
1590 2~.:~ 61L$ 26 91 
I:t61 13.~ lO0 31~ 'JR 
I ~$0 1,6 $44 325 7? 
1039 0.$'~ I 1t2:~ '701 S9 
?42 0.44 16116 641~ 42 
";20 0.18 3934 1513 4t  

Tile en~yrae ,was assayed at pH 6.0 (0.S M cltrat~.phosphale) an¢(40~C,'itt n final volume of 1.2~ ~11 Citrus pectin (DE 70%1 at 5 m$lml was 
used as substra~e. 

SDS=PAGE and isoelectric focusing (Fig. 1, SDS and 
IEF). 

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- 
¢d by the first method was 34 kDa (Fig. I, 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 col- 
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 Aspergiilus niger (Stokes radius values of  
2.44 and 2.28 l~m, and frictional coefficient values of  
I. I0 and 1.06, respectively) [8]. 

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

Table II 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 [yase from A. niger [8]. 

kDa 
S D S  Na t ive  I E F 

-- 4. -- pH 
0 -- 

9 4  - -  

67 
4 3  

3 0  

20.1 ~ .  

14.4 

F 

M 

. ;  • .  L'/ 

- - 1 0 , 2 5  

- -  9 ,30  

- -  8.65 

8.45 

8.15 

- - ~ 8 . 0 0  

Fig. I. Analysis of pectin lyase from P. italicum by SDS.electrophoresis in polyacrylamid¢ gradient gels (SDS), by native.electrophoresis in 
homogeneous gels (native), and by isoelectric focusing (IEF). Samples, containing 75 ng (SDS) or 150 ng (native and IEF) of protein, were stained 
using silver staining, Gels on the left- and right.hand sides are molecular mass and pl markers, respectively, O and F represent the origin and front, 

respectively. 
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Table I I 

Amino add composition or the pe¢lin ly~t¢¢ i'rum P, Itallcum 

Amino add % reel 

Lys 12.1 
Asp 10.3 
Ala 9.7 
Gly 9.0 
Val 7.7 
Set 7. I 
Thr 6.9 
Met 6.9 
lie 6.7 
Glu $,4 
Tyr 4. I 
Leu 4.1 
Phe 3,0 
Pro 2.6 
His 2,3 
Ar8 2.1 

Fisurcs represent the percentaSes calculated with respect to the 
measured amino acids (ASh, Cys, Gin and Trp were not tletcrmined), 

UJ 

o 
t / )  
m 

0 ,6  

0 ,3  

\ 
\ 

240 2~10 3 2 0  
WAVELENGTH (rim) 

FiB. 2. UV absorption spectrum of the purified pectin lyase from 
Penicillium ltttlicunl n 0.05 M Tris.HCI, pH 8.0, and at room 

temperature, 

The absorption spectrum of  the purified enzyme 
f rom P. italicuni showed a typical protein spectrum 
containing no-chromogenic prosthetic groups (no ab- 
sorpt ion between 320 and 750 ran) and an absorption 
maximum and minimum at 277 and 255 rim, respective- 
iy (Fig. 2). The  molar absorption coefficients were 24.2 
x 104 M "~ . cm - t  (at 277 nm) and 18,7 x 104 
M - ~ . c m - t  (at 255 nm), This spectrum was very 
similar to that reported for the Aspergillus japonicus 
enzyme [101. 

P. italicwn pectin iyase catalyzed the cleavage of  pec- 
tins from different sources (citrus and apple) with a 
wide range o f  DE (from 37°70 to 86°70) by a 
transeliminative process. The pure enzyme showed no 
pectate lyase activity when 0.5% w/v  o f  polygalac- 
turonic acid and 0.8 mM calcium chloride were used to 
measure the increase of  absorbance at 235 nm and p H  
9.0. 

AKm for citrus pectin (DE 86%) o f  15.0 mg/ml  was 
calculated f rom a Hanes plot o f  the initial velocities o f  
increase in Az3s at different substrate concentrat ions 
and at pH 9.0. The obtained V was 26.8 U/ml  with a 
catalytic yield (V/Km) 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 o f  temperature f rom 35 to 550C on pectin 
lyase activity was examined. The activity increased up 
to  50°C and the activation energy calculated from an 
Arrhenius plot was 16 k J / tool .  

Pectin lyase from P. italicurn was fully thermostable 
until  45°C and 20°70 of  the activity remained after  
heating the enzyme for  i0 fnin at 65°C. T h e  enzyme was 
completely inactivated after 10 rnin at 80°C. The ther- 
mal inactivation was a first-order react ion with an ac- 
t ivat ion energy of  181 kJ /mol .  

The  pH dependence of  the pectin lyase activity was 
studied in c i t ra te-phosphate  (3.0-7,0), potassium 
phosphate  (6,0-8,0),  Tris-HCI (7,0-9,0), and 
1,3-diaqninopropane-HCl (8.0-12.0) buffers .  The op- 
t imum pH of  pectin lyase for  pectin transelimination 
was 9.0, the profile o f  activity versus pH being affected 
by the substrate concentra t ion (from pH 5.0 to 9,0 with 
ci t ra te-phosphate  and Tris-HCl) and not by the DE 
( f rom 6.0 to 10.0 with citrate-phosphate and 
1,3-diaminopropane-HCl) .  

The  pH stability o f  pectin lyase was noteworthy as 
only 39°70 o f  the activity was lost after maintaining the 
enzyme fo r  313 h at 4°C and pH 3.0. When the same 
t reatment  was performed at pH !0,5, 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-HCl buffer  (pH 8.0) for 24 h at 
room temperature,  for  several weeks at 4°C and for  
months  at - 2 0 ° C ,  in the absence of thiol or chelating 
reagents. 

4. DISCUSSION 

After  the pectin lyase discovery by Albersheim et al. 
[11] and althougl! several authors have reported the 
isolation of  preparat ions nearly homogeneous after  
S D S -P A G E or  IEF [4], pectin lyase has only been 
purif ied to homogenei ty  and characterized t'rom the 
fungal genera Aspergillus, Dothidea, Ganoderma and 
Rhizoctonia,  and f rom the bacteria Erwinia and 
Pseudomonas  [8,12-16]. 

in the case of  J~enieillium spp., pectin iyase has been 
detected in crude preparat ions  of Penicillium citrinurn, 
P. italicum and Penicillium paxilli [17-19] and several 
ef for ts  have been made  to obtain enriched fractions o f  
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the enzyme in P, dillitatum, Penl¢illinm ¢.~pansum and 
P, italicum [20-221. Nevertheless, neither a purification 
scheme capable of  yielding an homogeneous pectin 
lyase preparation after SDS-PAGE or IEF nor a 
physico-chemlc~t[ and catalytic characterization of the 
enzyme from this generus have been developed up to 
date. 

The purification scheme here reported describes, for 
the first time, the application of a hydrophobic interac- 
tion chromatography to obtain a homogeneous pectin 
lyase preparation from a fungus source, This prepara- 
tion showed a specific activity of 3934 U/rag protein at 
40"C (pH 6,0) with citrus pectin (DE 70%0) which cor- 
responded to 7650 U/rag protein at the same 
temperature (pl-[ 9.0) with citrus pectin (DE 86%), The 
former value is similar to that reported in Dothidea 
ribesia (3790 U/rag protein) [i2] but much higher than 
those shown by enriched pectin lyase preparations of 
Penicillium spp. (22-48 U/rag protein) [20,221 and 
other fungi (20-355 U/rag protein) [8,10,23,25]. In 
bacteria, pectin lyase specific activity values of 433 (Er- 
winia chrysanthemi EC 183) [25] and 1907 U/rag pro- 
tein (Ps. fh~orescens) [16] have been reported. The lack 
of  standardization in the assays (mainly in temperature 
and subs[rate 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 
(41O7o) 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 1007o [20,22]. 

Unlike many phytopathogenic microorganisms 
18,13,23,24,26], P. italicum produces only one pectin 
lyase, which consists of a single polypeptidic chain of  34 
kDa as determined by SDS-electrophoresis 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-HC1, 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, all of 
them having a monorneric structure and similar 
molecular masses (31-35 kDa). 

Abottt the isoelectric point (8.6), the P. italicnrn en- 
zyme is within a group of basic pectin lyases from fungi 
(isoelectric point > 8.) only described in culture filtrates 
of  Colletotrichum lindemuthianurn (two isoenzymes 

with pl of 8,2 and 9,7 ) [26] and purified from D, rtb¢#la 
(8,9) [12] and Rhi~octoni¢~ ;¢olani [14], Basic pectin 
lynxes have usually been described in bacteria 
[16,25,271. 

Pectin ly~se from P. italicum is more active with 
citrus pectin as subs[rate than using apple pectin, this 
behaviour being also reported for the purified enzyme 
from Ps, fluoteaCens [16]. One common feature of pec- 
tin [yeses is the increasing of the activity when pectin 
esterification increases [I0,12], This fact has also been 
observed in our preparations when both pectins (citrus 
and apple) were used as subs[rate, the P italicum pectin 
[yase being able to cleave pectins with a DE from 37~/o 
to 86%. Nevertheless, a partially purified pectin lyase 
which is more effective in degrading low esterified pec- 
tins has been described in A~reobasidium pullulans 
[241, 

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, K,, values of 1.8 mg/mI for citrus pectin 
(DE 65%0) in enriched pectin lyase preparations of A. 
niger [6] and 3.2 mg/ml in D. ribesia [121 have been ob. 
tained in fungi. In bacteria, K,, values for highly 
methoxylated pectins from 0.5 to 9.3 mg/ml have been 
described in E. ehrysanthemi EC 183, E. chrysanthemi 
GIR 2002, and Ps, j/uorescens [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 
subs[rate and the enzyme (both negatively charged at 
pH 9.0). Preliminary studies developed in our 
laboratory with P. italicum pectin lyase have yielded 
lower/i'm 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. italicum pectin lyase 
(9.0) includes this enzyme within a minority group of 
fungal (only a 1007o 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 lynxes 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 
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basic pH (up to I0,5) and in a wider range o fpH (from 
3.0 to 10,5) than many pectin lyases from other 
microorganisms [~0,16,23,24]. This enzyme, besides be. 
ing resistant to freezin~ and thawing processes at pH 
8,0, is stable even at concentrations as low as 6. 5 / 4  pro- 
tein/ml while other pectin lyases, as that from A. 
japonicu$, lose their activities at concentrations lower 
than 20 #g protein/ml [10b In the bacterium P$, 
fluorescens, the freeze/thawing process produces a 
20% loss of pectin iyase activity [16], 

The temperature effect on P. trafieum pectin iyase 
was similar to that reported for the funsal and bacterial 
enzymes, whose optimum temperatures ranged from 33 
to 550C were reported [10,12,24,2~]. The E. values 
described for the fungal enzyme ranged from 6.2 to 35,0 
k J/reel, although these values must be affected by the 
substrata source, the pH and the temperature range 
studied. 

Finally, pectin lyase from P. #alicum 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 Au. 
pullulans which displayed similar thermostability to the 
P. italicum pectin lyas¢ [24]. Especially ¢hermo- 
unstable is the pectin lyas¢ from the fungus D. ribesia 
which loses 100070 of  activity in the range of 40-50*C 
[12] and the enzyme from the bacterium Ps. fluorescens 
whose activity is inactivated for 30°70 after 10 rain at 
360C [16]. 

The relevant role played by P. italieum in spoilage 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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