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ABSTRACT

Pedinesterase was extracted from potato apha cultivar, purified and partially characterized The used protocol
resulted in a 588-fold purification (51 80.2 unts/mg protein) with 15.5% recvery of pedinesterase activity. The
purified enzyme had amoleaular weight of 27 kDa and itsisoeledric point was around 4.5with pH and temperature
optima of 8.0 and 60°C, respectivedy. The purified enzyme had a single symmetric peak of spedfic activity after
chromatographic steps. The homogeneity of the purified pedinesterase was confirmed by gel filtration ard

palyacrylamide dedrophoresisgel.
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INTRODUCTION

Pedinestarase (PE, pedin methylesterase, pedin
pedylhydrolase, EC, 3.1.1.11) removes methoxyl
groups from methylated galaduronic residues of
pedic substances (Saezet al., 1983. This enzyme
is widely distributed in higher plants and can be
found in dfferent plant tissues; mainly those
contained in fruits (Baron & Thibault, 19895.

PE has been purified and charaderized from
several fruit sources, including tomato (Lee &
Macmill an, 1968, orange (Versteq et al., 1978),
papaya (Lourenco & Catutani, 1984 Fayyazet al.,
1994, apple (Castaldo et al., 1989, kiwi (Giovane
et al., 1990, grapefruit pulp (Seymour et al.,
1990 and mandarin orange fruit (Rillo et al.,
1992. From other plant sources, PE has been
extraded and partialy purified from potato (Puri
et al., 1982 and from sedds of Ficus awkeotsang
(Komae& Misaki, 1989 Komaeet al.,1990).

Some reports established that plants contain
multiple forms of PE (Hultin & Levine, 1963;
Evans & McHale, 1978 differing in moleaular
weight, charge and glycosylation degree which
affects the dfinity for pedin and the
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thermostahility of the PE forms (Giovane et al.,
1990.

Control of PE adivity in situ is very important in
the food industry because of its influence on the
final product quality; particularly to produce low
methoxyl pedins in citrus peds (Taylor, 1982 to
obtain cloudy citrus juice (Nath & Ranganna,
1977 and hgh viscosity tomato juice and puree
(Nath et al., 1983 to improve texture and firmness
in some processed fruits and vegetables (Pilnik &
Voragen, 1991 Stanley et al., 1995 and color,
limpness and aher physicochemicd parameters of
fried pdatoes (Chavez et al., 1998 Aguilera
Carbb et al., 199). In the last case, the control of
PE adivity is a aitic fador due the potato tubers
of low and medium spedfic gravity (Alpha
cultivar, 1.0651.085 can be used to obtain fried
products in México (Aguilar, 1995 Aguilar et al.,
1997. For this reason, the etradion,
quantification, purificaion and charaderizaion is
needed if one wishes to measure the dfect of
temperature on adivation/inadivation processes
during the Low Temperature-Long Time (LT-LT)
blanching and to design the better blanching
condtions (Aguilera-Carbd et al., 19963).



Recantly, we published the procedures to develop
and ofimize a enzyme extradion, which were
used for further studies on in situ PE adivation
which improved the quality of fried pdato
produwcts (Aguilera-Carbé et al., 1996band 1999
Contreras-Esquivel et al., 1999. A report was
pulished on grtial purificaion o PE from potato
(Puri et al., 198). It was considered important to
develop a protoccol of total purification for the PE
from potato, which could dve a mplete
information d such enzyme. In the present paper,
we describe the PE purification presenting some
charaderistics of this enzyme etraded from
potato tubers (Solanum tuberosum L.) apha
cultivar, which could be of interest for optimize
the LT-LT blanching of patato strips and chips and
improves the quality of these products.

MATERIAL AND METHODS

Potato tubers (Solanum tuberosum L) apha
cultivar were purchased in a locd market of
Saltill o, Coahuila, México with a spedfic gravity
of 1.087. Citrus pedin (P-9125 with an
esterification degreeof 68%, sodium chloride used
for enzyme extradion and some other analyticd
grade dnemicds were obtained from Sigma. BIO-
RAD® produwcts suppied all chemicds needed for
purificaion.

Enzyme extraction. PE from potato tubers were
extraded acording to the methods developed by
AguileraCarb6 et al., (199€) and Contreras-
Esquivel et al., (1999.

Determination of PE activity. PE adivity was
assyed by the titration method poposed by
Kertesz (1955. This method invoves the
measurement of the releasing rate of caboxyl
groups in a pedin solution (1% w/v), at 30°C and
pH of 7.0. The substrate was prepared and stored
acording to the procedure described by Rouse &
Atkins (1955. The initial rate or readion was
obtained when the free caboxyl groups were titred
with 20 mM NaOH, considering that the
equivalent amourt of NaOH solution wsed is
propationa to the PE adivity. One PE adivity
was defined as the anount of the enzyme ale to
release 1 [mol of carboxyl groups per minute
under the @ove mentioned readion condtions.

Protein Assay. The protein concentration was
determined acording to the microassay of
Bradford (BIO-RAD®) using a cdibration curve
made with bovine serum abumin.

Pretreatment of the PE extract crude. PE crude
extrad obtained from potato suspension was
didyzed in cdlulose membrane ajanst a
phosphate buffer (pH 7.0) during owernight for 12
h at 4°C. Then the enzyme was microfiltrated
using Nalgene filter of nylon membrane of 0.2
mM.

Pre-purification of PE. Dialyzed and micro-
filtrated PE extrad was used to cary out a
chromatography as preliminary fradionation an a
premlumn EconoPac® (Bio-Rad®) coneded to
BioLogic LP System® (Bio-Rad®).

Anion exchange chromatography. Two fradions
obtained as adive fradions in the preliminary
chromatography were used to performed an anion
exchange cromatography using a wlumn Mono
Q (Bio-Rad®) in the same BioLogic LP System.
The @ncentrated samples were @plied to a
column of anion exchange, equili brated with 0.02
M sodium phosphate buffer (pH 7.5) containing
0.3 M NaCl and 0.02% sodium azde.

Gel filtration chromatography. The moleaular
weight of the native PE was determined by gel
filtration chromatography using a FPLC system
(Bio-Rad®) with a @lumn of Sephadex G-100
The olumn was equili brated using the following
proteins. ovoabumin (43 kDa), caboric
anhydrase (30 kDa), chymotripsinogen A (25
kDa), ribonwlesse (14 kDa) and aprotinin (6.5
kDa). The clumn was eluted at flow rate of 0.5
mL/min with a phosphate buffer (0.02 M, pH 7.5)
and 300mM NaCl.

Gel electrophoresis analysis. Gel eledrophaesis
in denaturing condtions was performed in sodium
docdecyl sulfate (SDS-PAGE) acwrding to the
method d Laemmli (1970. The gels contained a
final aaylamide mncentration d 10%. Staining o
dab gels was dore with Coommassie Brilli ant
Blue and Silver Nitrate. The moleallar weight
markers were ovoabumin (43 kDa) carboric
anhydrase (30 kDa) trypsinogen (24 kDa),
lysosyme (14.3 kDa) and aprotinin (6.5 kDa).



Isoelectric point determination. The evaluation
of isoeledric paint (pl) was performed ona Phast
System apparatus (Pharmada) in the pH range 3-9
using a cdibration kit containing proteins with pl
ranging ower 8.7-3.5.

pH optimum and thermal stability of PE. The
pH dependence of potato PE was evaluated in a
pH range 3.0-9.0 at 25°C, using the titrimetric
method d Kertesz (1955. Each sample of PE (1.0
mL) was preheaed for 30 min at ead temperature
tested and immediately the PE adivity was
assayed.

RESULTSAND DISCUSSION

A summary of the steps utili zed to purify the PE
from potato tissue is given in Table 1. The process
of PE purification was achieved with a protocol
consisting d five steps.

The protocol caried ou was repeded severd
times and was found to be highly reprodicible.
The secnd step gave a 100% yield. This value
was higher to the values obtained for apple PE
(Castaldo €t al., 1989 and for Ficus awkeotsang
PE (Lin et al., 1989, which were 75%. On the

other hand, this value was approximately equal to
the values obtained for tomato PE (Korner et al.,
1980 and mandarin orange PE (96%) reported by
Rilloetal., (1992.

Preliminary chromatography (third step) gave a
4212% vyield, but it did na show a good
seledivity for PE. By this gep, a purificaion
fador of 2.2 was obtained. However, this gep was
useful to eliminate many proteins presents in the
diayzed extrad, giving two adive fradions. These
results were similar to those reported to PE from
mandarin orange fruit by Rillo et al., (1992 who
reported a yield o 486 during the dfinity
chromatography.

During the fourth step, the paosshility of two
enzymatic forms was regeded duwe to that one
adive fradion was obtained. In this gep, the
enzyme was foundto be duted as a single pe&.
After this gep, a 36.11% yield was readed and
the PE was purified 4.3-folds.

For further purificaion d the potato PE, a gd
filtration chromatography was used. The purified
PE gave a15.55% yield and 588-fold puification.
This gep was the magjor feaure of the protocol
propcsed due it showed a goad seledivity for PE,
in fad, by this gep the purificaion fador was
higher.

Table 1. Purificaion of pedinesterase from potato Alpha ailtivar

Purification steps PE adivity Total activity  Spedfic activity Purification  Yield
(U/mL) (Units) (Units/mg protein) (fold) (%)
Crude extrad 16.2 810.0 881.2 100 -
Dialyzed extract 18.2 910.0 1121.3 100 -
Preliminary chromatography 1125 341.2 1934.3 42.12 2.2
Anion exchange chromatography 115.3 292.5 3826.4 36.11 4.3
Gel filtration chromatography 97.4 126.4 5185.2 15.55 58.8

The spedfic adivity (51852 unitsmg protein) of
the purified pedinesterase obtained in this
procedure was five times higher to the spedfic
adivities of tomato PE and kiwi PE (115993 and
974 untsmg protein) reported by Lee &
Macmillan (1968 and Giovane et al., (1990
respedively.

The gel obtained from SDS-PAGE from the adive
fradion correspondng to PE enzyme is presented
in Figure 1. One band d protein was observed.
SDS-PAGE showed that the enzyme onsists of a

single poypeptide chain. A moleallar weight of
27 KDawas estimated.

Acoording to severa reports of the same enzyme
purified from other sources, the molealar weight
obtained in thiswork was in the range propased by
Delincee & Radda (1970. Puri et al., (1982
reported an apparent moleaular weight of 25 kDa
for potato Russet Burbank Cultivar, while in aur
case, the PE from patato Alpha alltivar showed a
moleaular wieght of 27 kDa, which demostrated
that tissues of potato of different cultivars have
PE s with similar moleaular charaderistics.



A comparison of molecular weights reported for
PEs from several sourcesis presented in Table 2.
Isoelectrofocusing determination showed a pl
value of 4.5, which was different of that reported
by Rillo et al., (1992). They observed a pl value
higher than 8.65, however this value was
uncertainly determined due to the PE focalization
a the end of the gel. Our findings were
comparable to that reported by Komae et al.,
(1990) for PE from Ficus awkeotsang. It is
important to state that the pl values of PE from
fruit sources are different (higher than 8.0) with
respect to those abtained from vegetable sources
(lower than 6.0) (Versteeg et al., 1978; Rillo et al.,
1992).
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Figure 1. SDS-PAGE of find purificaion step of PE

from potato. Lane 1 are Molecular weight markers (see
Materials and Methods) and Lane 2 is potato PE.

Table 2. Molecular weights of pedinesterases from
several sources.

Source Moleaular weight Reference

(KDa)
Tomato 24.0-28.0 Delincee & Radda (1970)
Tomato 237-355 Pressy & Avants (1972)
Orange 355-37.3 Versteeg (1979)
Papaya 530 Lourenco & Catutani (1984)
Var. solo
Papaya 210 Lim & Chung(1989)
Mandariine 37.0 Rilloetal., (1992
Orange fruit
Papaya 320 Fayyaz et al., (1994
Var.exotica
Potato 250 Puri et al., (1982
Potato 27.0 This gudy

Var. alpha

The thermal stability of PE (Figure 2) was calculated
by incubing the enzyme for 30 min at increasing
temperature. The activity was substantialy increased
upto 60°C and then it deareased to abou 30% at 70
°C and 70 a 90 °C. The PE from potato alpha
cultivar appeaed thermostable. The thermal stability
of this enzyme was considerably higher than that
foundfor other PEs, which generally wasupto 60°C.
These results are not similar to those reported by Puri
etal., (1982, who oliained an optimum temperature
of 55°C and a Q10 d 1.33in the temperature range
of 15 to 45°C. It is important to nae, that the PE
from potato Alpha Cultivar was highly stable in a
wide temperature range (30 upto 90°C), which could
be very attradive for the thermal processng d this
cultivar. Last point is very important because, LT-LT
blanching pocess is generdly caried ou at
temperature range between 50 — 70 °C with the
objedive of an in situ activation d native PE. This
study demonstrates that the maximum adivity of
patato PE is around 60 °C, and this temperature is
the optimum for read better texturesin pdato tisue
by LT-LT blanching.

The dfect of pH on PE adivity is shown in Figure 3.
The PE enzyme showed a maximum activity at pH 8
and was underdetedable below pH 5.0. The pH
optimum found for potato PE was gmilar to that
found for PEs from fruit sources, which generaly
wasin the range 7-9.
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Figure 2. Thermal stability determination of potato PE.
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RESUMO

A pedinesterase foi extraida da batata (cultivar do
afa), purificada e parcialmente caaderizada. O
protocolo usado levou a uma proteina purificada
588 vezes (51 89,2 uritYmg da proteina) com
uma reaiperac® de 155 % da atividade da
proteina. A enzima purificada gresentou um peso
moleaular de 27 kDa eseu porto isoelétrico foi ao
redor 45 A pedinesterase eibiu pH e
temperatura 6timos de respedivamente 8,0 e 60°C.
A enzima purificada gresentou un Unico pico
simétrico de dividade espedfica g0s as etapas de
cromatografia. A homogeneidade da pedinesterase
purificada foi confirmada por filtracd® em gel e
por eletroforese an gel de pdiaailamida.
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