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bstract

The most abundant isoforms of tomato pectin methylesterase (PME; EC 3.1.1.11; Mr 26 kDa), polygalacturonase (PG; EC 3.2.1.15; PG1 with Mr

2 kDa) and a basic protein with Mr 42 kDa and unknown function were isolated from fresh tomato fruit by a fast chromatographic procedure on a
onvective Interaction Media (CIM®) short monolithic disk column bearing carboxymethyl (CM) groups. The extraction of the targeted enzymes
ith 1.2 M NaCl solution was followed by precipitation with ammonium sulfate at 60% of saturation, solubilisation of the pellet in 0.5 M NaCl

nd fractionation using a linear gradient from 0 to 700 mM NaCl. Among six fractions five had PME activity and four had PG activity, while one
raction containing a pure protein with Mr 42 kDa with neither of these activities. Two concentrated fractions, one with PG and one with PME
ere further purified. A linear gradient from 0 to 500 mM NaCl with 20% CH3CN in the mobile phase was used for the PG fraction and two CM
isks and a linear gradient from 0 to 200 mM NaCl were used for the PME fraction as a greater capacity was necessary in this case. From 4 kg of

resh tomato flesh we obtained 22 mg of purified PME, 1.8 mg of purified, active PG1, 13.5 mg of additional basic protein and a fraction with PG2
ontaminated by a PME isoform. Carboxymethyl CIM disk short monolithic columns are convenient for semi-preparative and analytical work with
omato fruit pectolytic enzymes.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Pectins and cellulose microfibrils are the two major polysac-
haride networks in the plant cell wall. Pectins (polygalactur-
nans, rhamnogalacturonans) have complex structures but the
ajority of each structure consists of homopolymeric poly-
-(1 → 4)-d-galacturonic acid residues, partially present as

heir methyl esters. The properties of pectins depend on the
egree of esterification, which is normally about 70%. The con-
rolled de-esterification, converting high methoxyl pectins to

ow-methoxyl pectins, is possible using pectin methylesterases
PME, EC 3.1.1.11), whereas for the degradation of the poly-
alacturonan backbone polygalacturonase (PG, EC 3.2.1.15) is
eeded. Both types of enzymes and their different forms were
ound in different plant sources in last few decades and have

� This paper is part of a special volume entitled “Analytical Tools for Pro-
eomics”, guest edited by Erich Heftmann.
∗ Corresponding author. Tel.: +386 1 4760 341; fax: +386 1 4760 300.
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een isolated and studied. Some additional known enzymes such
s pectate lyase, �-galactosidase, arabinosidase, �-mannosidase
nd endo-�-mannanase [1,2] as well as some unknown enzymes
3] may also be involved in pectin transformations, because
ectins can be covalently bonded to some other polysaccharides,
uch as glucomannans and galactomannans, present in the plant
ell wall [2]. PME and PG, the most studied cell wall enzymes,
ere also found in fungi, some bacteria and yeasts although with
ifferent characteristics (e.g. optimal pH value for the highest
ctivity), and they play an important role in the pathogenecity
f some of these organisms [4,5]. Some microorganisms serve
s the source of pectolytic enzymes for industrial applications
6–8].

Natural tomato (Lycopersicon esculentum) fruit is a rich
ource of several PME isomorfs [9,10] and at least three forms of
ndo-polygalacturonase (PG1, PG2a and PG2b), all containing

he same polypeptide derived from a single gene [11]. Presence
f an exo-PG, an enzyme which can cleave galacturonic acid
nly at the end of the polygalacturonic acid macromolecule, has
lso been reported in tomato fruit [12]. Transgenic tomato fruits

mailto:irena.vovk@ki.si
dx.doi.org/10.1016/j.jchromb.2006.08.053
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ith reduced PG [13] or PG and PME activity [14] were pro-
uced and studied. It was found that PG is not the only enzyme
esponsible for the fruit softening during ripening; only a part
f a series of processes leading to the breakdown and softening
f fruit tissues is catalyzed by PG [15].

PME and/or PG were isolated from tomato fruits by differ-
nt procedures, which all include ion-exchange chromatography
ollowed by several additional steps such as ion-exchange on
EAE – cellulose followed by affinity chromatography on Hep-

rin Sepharose [16], and four chromatographies – ion-exchange
n DEAE-Sephadex A-50, ion-exchange on S-Sepharose, gel
ltration on Sephadex G-75 and final ion-exchange on Mono
[35]. Our recently published procedure for isolation of PME

s the only one performed using a monolithic stationary phase
nd provides a much faster and more efficient way to isolate
ME [17]. A summary of the preparation, properties and applica-

ions of monolithic materials, the newest generation of stationary
hases for liquid chromatography, exploiting different principles
uch as ion-exchange, affinity recognition, reversed-phase and
ydrophobic interaction was recently published [18]. Monoliths
ave been widely used for preparative and analytical separation
f biopolymers during the last decade [19,20]. One of the first
seful monolithic stationary phases for the rapid separation of
roteins was designed in a disc format [21] and is the basis of
hort bed Convective Interaction Media (CIM®) disks mono-
ithic columns, which are specific among the chromatographic
olumns, because of their monolithic structure and extremely
hort column length (3 mm). They have very fast mass trans-
er between the mobile and stationary phase, which provides
igh speed and high efficiency of the separation [18]. CIM disk
onolithic columns have been used successfully in the separa-

ion of low and high molecular mass substances [22,23], proteins
24,25], separation and purification of plasmid and genomic
NA [26–28] and purification of plant and microbial enzymes

17,29]. They have also been used for the direct synthesis of
eptides [30,31] and as enzyme reactors [32–34].

Recently, we reported the isolation of pure PME from tomato
ruits by means of two cation-exchange chromatographies on
hort monolithic columns based on polymethacrylates [17].
lthough the enzyme extraction was performed with dilute HCl

t pH 1.6 according to Pressey [35] we found in addition to the
argeted PME activity some PG activity in one of the chromato-
raphic fractions.

The aim of the work described here was the isolation of the
ost abundant isoform of pure PME and one form of PG enzyme

rom the same NaCl extract of tomato fruit with the minimum
umber of chromatographic steps using the same type of short
onolithic columns. Some attention has been devoted also to

dditional proteins appearing in the chromatographic fractiona-
ion of tomato extract preparation.

. Experimental
.1. Chemicals

MW-SDS-70L (kit for molecular weights 14.000–70.000),
ris-(hydroxymethyl)amino-methane (Tris), bicinchoninic acid

2

(

togr. B 849 (2007) 337–343

BCA) kit for protein determination and 3,5-dinitrosalicylic acid
ere purchased from Sigma–Aldrich (Steinheim, Germany).
odium hydroxide, sodium chloride, sodium acetate, acetic acid,
mmonium sulfate, ethanol and acetonitrile were from Merck
Darmstadt, Germany). Polygalacturonic acid and pectin with
0–75% degree of esterification from apples were obtained from
luka Chemie (Buchs, Switzerland). Phenol red was purchased
rom Coleman & Bell (Norwood, OH, USA) and potassium
odium tartrate tetrahydrate from Kemika (Zagreb, Croatia).
ll the solutions were prepared with deionized water (Millipore
illi-Q).

.2. Extraction of PG and PME

Ripe tomato fruits were purchased from the local market
nd the extraction was performed at 4 ◦C. After removal of the
eels and the seeds the tomato flesh (500 g) was homogenized.
fter the addition of 500 ml of cold water and homogenisation
ith an Ultraturrax (rotor/stator homogeniser, Ultraturrax/Ika
25) the pH of the homogenate was adjusted to 3 with 1 M

Cl then the solution was mixed for 5 min by the Ultraturrax.
he pellet obtained after centrifugation for 20 min at 8000 rpm
as dissolved in 750 ml of water using Ultraturrax. After cen-

rifugation of the solution at 8000 rpm for 20 min, the pellet
as dissolved in 500 ml of 1.2 M NaCl (pH 6) using Ultratur-

ax for 1 min then stirred for 3 h with a magnetic stirrer. After
entrifugation for 20 min at 10,000 rpm the supernatant was fil-
ered through a filter paper and a membrane filter [Millipore

illex – HV hydrophilic poly(vinyldiene difluoride) – PVDF
.45 �m]. Ground ammonium sulfate was added to the super-
atant to achieve a saturation of 60%. After shaking for 5 min and
entrifugation for 20 min at 10,000 rpm the pellet was dissolved
n 40 ml of 0.5 M NaCl and the solution filtered through 0.45 �m
lters. Ultrafiltration (Amicon, 8400) was performed using an
M50 membrane (DIAFLO ultrafiltration membranes, Amicon
orporation, Danvers, MA, USA). Sodium chloride present in

he XM50 concentrate was removed by passing this solution
hrough a PD-10 column (prepacked Sephadex G-25 column,
mersham Biosciences, England). A PD10 column was equi-

ibrated with 5 ml × 2.5 ml 20 mM Tris (2.42 g Tris base per l
eutralised with concentrated HCl 10 times diluted to pH 7.4).
oncentrate XM50 (2.5 ml) was desalted by elution with 3.5 ml
0 mM Tris, pH 7.4 and the first 3.5 ml were collected and fil-
ered through 0.45 and 0.20 �m membrane filters (Minisart®,
artorius) before the chromatographic fractionation. The solu-

ions were stored at +4 ◦C.

.3. Determination of protein content

The concentrations of proteins in the extract and in the HPLC
ractions were determined by a spectrophotometric Micro BCA
rotein Assay (Sigma) using a bicinchoninic acid kit.
.4. HPLC fractionation and purification

The HPLC system consisted of a pump ConstaMetric 4100
Thermo Separation Product—TSP, Riviera Beach, CA, USA),



roma

a
d
r
m
i
t
c
s

X
l
s
t
a
t
fl
t
(

u
U
c
d
0
t

c
s
T
A
p
t

c
p
n
m
N
w
A
a
r
r
P
X

2

h
i
e
r
a
a
o
a

2

a
t
w

i
(
a
s
a
t

b

s
m
w

N
t
e
t
1
a
e
fi
g

2
e

m
g
[
fi
w
w
s
n

3

a
e
m
P
i
s
o
s

I. Vovk, B. Simonovska / J. Ch

utosampler AS3000 (TSP) with a fixed 200 �l loop and UV
etector SpectroMonitor 3200 (TSP) set to 280 nm. Sepa-
ation was performed on Convective Interaction Media disk
onolithic columns (diameter 12 mm, length 3 mm) bear-

ng carboxymethyl (CM) cation groups from BIA Separa-
ions, Ljubljana, Slovenia. The CIM disk monolithic columns
ould be regenerated by placing them into 1 M NaOH water
olution.

Fractionation of the PME and PG isoenzymes from desalted
M50 concentrates of tomato extract was performed with a

inear gradient of sodium chloride using a mobile phase con-
isting of buffer A: 20 mM Tris (2.42 g Tris base per 1 l neu-
ralised with concentrated HCl diluted 10 times to pH 7.4)
nd buffer B: buffer A containing 1 M NaCl, pH adjusted
o pH 7.4. The gradient program for the fractionation at a
ow rate of 4 ml/min was as follows: linear gradient 100%

o 30% A (3 min), 30% A to 100% A (0.1 min), 100% A
2.9 min).

Collected fractions with PME or PG were concentrated by
ltrafiltration using YM10 (Millipore Corporation, Bedford,
SA) or YM30 (DIAFLO ultrafiltration membranes, Ami-

on Corporation), respectively. The concentrates obtained were
esalted with a PD-10 column and the eluates filtered through
.45 and 0.20 �m membrane filters (Minisart, Sartorius) before
he next chromatographic step.

The PME YM10 concentrate was further purified on a column
onsisting of two CIM CM disks in the same housing, using the
ame mobile phase and the flow rate used in the fractionation.
he following gradient was used: linear gradient 100% to 80%
(3 min), 80% A to 100% A (0.2 min), 100% A (0.8 min). The

urified PME fraction was concentrated 10–15 fold by ultrafil-
ration using a cut-off YM10.

The PG YM30 concentrate was further purified with the same
olumn and the flow rate used for fractionation. The mobile
hase consisted of buffer A: 20 mM Tris (2.42 g Tris base per 1 l
eutralised with concentrated HCl diluted 10 times to pH 7.4)
ixed with acetonitrile 4:1 (v/v) and buffer B: buffer A and 1 M
aCl mixed with acetonitrile 4:1 (v/v). The following gradient
as used: linear gradient 100% to 50% A (6 min), 50% to 100%
(0.1 min). To remove acetonitrile, the obtained PG1 fraction

nd the fraction of PG2 contaminated by PME were subjected to
otary vacuum evaporation at 35 ◦C until no smell of acetonitrile
emained and finally, the pure PG1 fraction and the contaminated
G2 fraction were concentrated by ultrafiltration using a cut-off
M50.

.5. PME activity assay

Substrate: pectin (0.4 g) was dissolved in 80 ml of water while
eating. After cooling, 1.17 g NaCl and 24.2 mg Tris and 2 ml of
ndicator solution (9 mg phenol red dissolved in 20 ml 20% (v/v)
thanol/water) were added and the pH adjusted to 7.5 (raspberry
ed colour) with 0.1 M NaOH or 0.1 M HCl then water was

dded to a total volume of 100 ml. For visual estimation of the
ctivity 50 �l of the test solution (pH 7.5) is mixed with 0.5 ml
f the substrate; a change in colour from red to yellow indicates
ctivity.

s
a
r
a

togr. B 849 (2007) 337–343 339

.6. PG activity assay

The PG activity was measured as the amount of galacturonic
cid released from polygalacturonic acid under defined condi-
ions. The spectrophotometric reagent used for galacturonic acid
as 3,5-dinitrosalicylic acid.
Extraction buffer: (A) acetic acid (1.1 ml) was pipetted

nto 100 ml volumetric flask which was then filled with water
0.2 mol/l). (B) 1.641 g of sodium acetate was dissolved in water
nd the solution made up to 100 ml (0.2 mol/l). An 80 mM buffer
olution is prepared by mixing 11.8 ml of A and 28.2 ml of B in
100 ml volumetric flask, adding water to 100 ml, and adjusting

he pH to 5.0.
Substrate: 0.25% polygalacturonic acid in the extraction

uffer.
Detection reagent: K–Na-tartrate tetrahydrate (30 g) was dis-

olved in water, 20 ml of 2 M NaOH was added and the solution
ade up to 100 ml with water. 3,5-Dinitrosalicylic acid (25 mg)
as dissolved in 25 ml of this solution.
The sample test solution (0.75 ml) containing about 0.2 mol/l

aCl was mixed with 0.75 ml of the substrate and the mix-
ure was incubated at 37 ◦C for 30 min (pipet every 30 s). The
nzyme reaction was stopped by adding 1.5 ml of the detec-
ion reagent and incubating the mixture in boiling water for
0 min. It was then cooled in cold water and the absorbance
t 540 nm was read against filtered reference prepared without
nzyme. Turbid yellow colored samples (low PG activity) were
ltered before measurements. Samples with high PG activity
ive orange–brown colour.

.7. Sodium dodecyl sulfate polyacrylamide gel
lectrophoresis (SDS-PAGE)

The purity and molecular masses of PME and PG were deter-
ined by SDS-PAGE on slab gel prepared with 15% (resolving

el) and 4% (stacking gel) acrylamide by the method of Laemmli
36]. The samples of tomato crude extract, fractions 1–6 and
nal purified PME and PG1 fractions were applied in parallel
ith protein standard marker MW-SDS-70L (kit for molecular
eights 14.000–70.000). After electrophoresis, the gels were

ubject to silver staining according to Heukeshoven and Der-
ick [37].

. Results and discussion

Recently, we used diluted HCl at pH 1.6 for the extraction
nd isolation of PME from tomato fruit [17]. Fractionation of the
xtract on CIM sulfonyl (SO3) disk monolithic column gave a
inor fraction with PME and PG activity. To improve the yield of
G, we decided to perform another extraction procedure accord-

ng to Pressey [38]. This procedure, in which the enzymes are
olubilised with 1.2 M NaCl at pH 6.0, has also been used by
ther authors [39,40]. In order to optimise the procedure, we
tudied the effect of precipitation at 30–80% ammonium sulfate

aturation. Similar results for protein content and PME and PG
ctivity were obtained with 50–80% of ammonium sulfate satu-
ation. Significantly lower amounts of PG were obtained with 30
nd 40% saturation (Fig. 1). Subsequently, the targeted enzymes
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Fig. 2. Fractionation of XM50 concentrate of tomato extract on CIM CM disk
monolithic column (diameter 12 mm, length 3 mm) using linear gradient elution
and an injection volume of 200 �l. PME activity was detected in fractions 1
and 3–6, while PG activity was detected in fractions 1 and 4–6. Peak 2 failed
to show PME or PG activity. Binding buffer (A): 20 mM Tris, pH 7.4, elution
b
l
(

s
t
1
a
a
p
the literature, is an acidic protein with molecular mass 38 kDa
and is resolved poorly on SDS gel [41,42].

PME activity independent of the presence of NaCl in the sub-
strate [10,17] is found only in fraction 3. The SDS-PAGE for this
Fig. 1. The effect of precipitation at 30–80% ammonium sulfate saturation.

ere separated from the remaining proteins by precipitation with
0% ammonium sulfate saturation and the pellet that was finally
btained was dissolved in 0.5 M NaCl.

In view of our previous work and published data concerning
he molecular masses of PME and PG2, it was decided to purify
he solution further using ultrafiltration by cut-off XM50 and
hen concentrate it by cut-off YM10. After the first ultrafiltra-
ion we expected to get the targeted enzymes PME and PG2 in
he XM50 filtrate (separation from proteins with higher molecu-
ar masses) but this was not the case. Only the XM50 concentrate
as shown to have PME and PG activity. Before the chromato-
raphic fractionation, the XM50 concentrate was desalted with
PD10 column and filtered through 0.45 and 0.20 �m mem-

rane filters. PME and PG were separated from the remaining
roteins by cation-exchange chromatography using a CIM CM
isk monolithic column with Tris buffer (20 mM, pH 7.4) and
odium chloride in a linear gradient from 0 to 700 mM. The
hromatogram obtained from the fractionation of the proteins is
hown in Fig. 2. Compared to our previous fractionation [17],
n which we used a CIM SO3 disk, and the same linear gradient
btaining just three peaks (three fractions with PME and one
ith PG activity), better selectivity was achieved on the CM
isk. All fractions indicated by the chromatographic peaks 1–6
n Fig. 2 were collected from one chromatographic run and were

onitored for protein content and PME and PG activity and for
urity by SDS-PAGE (silver staining, Fig. 3).

Determination of PME and PG activity showed there to be
ME activity in all the fractions except fraction 2 and PG activity

n all fractions except fractions 2 and 3. Additionally, a colour
hange from raspberry red to yellow was observed during the
ME activity testing of fraction 2. However, this was 15 min
fter the beginning of the assay, at which time the blank remained
nchanged. In the case of all the other tested fractions the colour
hange happened immediately. Therefore, it is not clear whether
his activity is due to contamination, which was not detected on
he SDS-PAGE, or is the consequence of the activity of this pro-
ein. As we have already reported for the PME activity assay [17]

t is essential to mix (vortex) the sample solutions just before tak-
ng an aliquot for the protein assay and the PG activity assay.
he purity of the isolated fractions 1–6 and the tomato extract
ere checked by SDS-PAGE silver staining (Fig. 3) and it was

F
o
C
M

uffer (B): buffer A containing 1 M NaCl, pH 7.4; flow rate 4 ml/min; gradient:
inear gradient 0% to 70% B (3 min), 30% A to 100% A (0.1 min), 100% A
2.9 min).

hown that fraction 2 was a pure protein. After concentration of
his fraction by ultrafiltration using cut-off YM30 we obtained
3.5 mg of this basic protein which has molecular mass 42 kDa
s determined by SDS-PAGE. However, its function and activity
re unknown. It cannot be �-subunit (the protein which com-
lexes with PG2 to form PG1), because �-subunit, according to
ig. 3. 15% SDS-PAGE with silver staining for purity control of fractions
btained after fractionation of XM50 concentrate of tomato extract on CIM
M disk monolithic column (Fig. 2). ST: standard protein marker (values in

r × 103 at left-hand side); 1–6: collected fractions; E: tomato crude extract.
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Fig. 4. Purification of PME isoenzyme from the YM10 concentrate of fraction
3 (Fig. 2) on a CIM CM column (two disks with diameter 12 mm and length
3 mm) using linear gradient and an injection volume of 200 �l. Binding buffer
(A): 20 mM Tris, pH 7.4, elution buffer (B): buffer A containing 1 M NaCl, pH
7
t
P

f
a
t
u
c
F
c
f
P
fi
C
a
f
t

Fig. 5. Fifteen percent SDS-PAGE with silver staining for purity control of the
targeted PME—fraction 3A (Fig. 4) purified from fraction 3 (Fig. 2) on CIM
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.4; flow rate 4 ml/min; gradient: linear gradient 100% to 80% A (3 min), 80% A
o 100% A (0.2 min), 100% A (0.8 min). Fraction 3A showed “salt independent”
ME activity.

raction showed a band with the same molecular mass (26 kDa)
s has been described [17] and it can be concluded that this is
he same PME isoform that was already isolated in pure form
sing the second chromatographic step on the same monolithic
olumn and mobile phase, but with the step gradient of NaCl.
raction 3 was concentrated by means of ultrafiltration using
ut-off YM10 in order to separate the PME band (Fig. 3, lane 3)
rom the upper bands. The YM10 concentrate was desalted via
D10 column and filtered through 0.45 and 0.20 �m membrane
lters. The targeted PME was further purified by using two CIM

M disks in the holder (to increase the capacity of the column)
nd a linear gradient from 0 to 200 mM NaCl (Fig. 4). The PME
raction was concentrated using cut-off YM10. Purity testing of
he isolated PME by SDS-PAGE (Fig. 5, lane 1) showed that the

w
P
t
o

M disk monolithic column. Lane 1: targeted PME—fraction 3A; ST: standard
rotein marker (values in Mr × 103 at right-hand side).

ast chromatographic step was successful. The yield of purified
ME isoenzyme was 22 mg from 4 kg of tomato flesh.

Among the fractions with PG activity, fraction 5 (Fig. 3, lane
) was chosen for further purification. It was concentrated by
ut-off YM30 and filtered through 0.45 and 0.20 �m membrane
lters. Several experiments, varying organic modifiers, buffers,
H were performed to find the proper mobile phase and gradient
or the next chromatographic step. Among the tested combina-
ions, acetonitrile proved to be most effective for the separation
f PG1 and PG2. In this case cation-exchange is clearly not the
nly means of separation. Finally, fraction 5 was purified using
inear gradient elution from 0 to 500 mM NaCl, 20 mM Tris, pH
.4 with 20% acetonitrile in the mobile phase.

This resulted in two main fractions (5B and 5C) both with
G activity and one minor fraction (5A) with only PME activity
Fig. 6). After evaporation of acetonitrile the collected fractions
ere concentrated using cut-off XM50. The fraction with reten-

ion time 2.9 min (Fig. 6) showed PG and PME activity, while
hat with retention time 3.8 min showed only PG activity. As
hown by SDS-PAGE (Fig. 7) the PG fraction with the shorter
etention time (5B) contained, beside PG2 (about 43 kDa), two
ther proteins (one in minor quantities), while the PG fraction
ith the longer retention time (Fig. 7, lanes 5, 6 and 7) was pure

G1. The fractions in lanes 3 and 6 originated from purifica-

ion of the PG fraction obtained after our previous fractionation
f tomato extract on CIM SO3 disk monolithic column. We
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Fig. 6. Purification of PG from the YM30 concentrate of fraction 5 (Fig. 2)
on a CIM CM column using linear gradient elution and an injection volume
of 200 �l. Binding buffer (A): 20 mM Tris, pH 7.4, 20% acetonitrile; elution
buffer (B): buffer A containing 1 M NaCl, pH 7.4; flow rate 4 ml/min; gradient:
linear gradient 100% to 50% A (6 min), 50% to 100% A (0.1 min). Fraction 5A
showed PME activity, fraction 5B showed PME and PG activity, while fraction
5C showed only PG activity.

Fig. 7. Fifteen percent SDS-PAGE with silver staining for purity control of the
XM50 concentrates of PG fractions 5B and 5C (Fig. 6) purified from YM30
concentrate of fraction 5 (Fig. 2) on a CIM CM disk monolithic column. ST:
standard protein marker; lanes 1–3: fraction 5B with PG2 contaminated with
PME; lanes 5–7: targeted PG1—fraction 5C. Fractions in lanes 3 and 6 originated
from purification of PG fraction obtained after fractionation of tomato extract
on CIM SO3 disk monolithic column [17].
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btained 1.8 mg of PG1 from 4 kg of fresh tomato flesh. The
rocedure provides the isolation of pure PG1, but not PG2. On
DS-PAGE we have consistently obtained just one band for PG2,
ot two separate bands for PG2A and PG2B. There is discussion
n the literature about the presence of PG1 in tomato fruit. It is
ot clear, however, if it is produced from PG2 and �-subunit
uring the extraction or if it is already present in the tomato fruit
43].

During the HPLC, peak distortion appeared occasionally.
his problem was solved by simple regeneration of the CIM
M disk monolithic columns, accomplished by removing them

rom the housing, putting them into 1 M aqueous NaOH solution
or at least 1 h at room temperature. Even several weeks of stor-
ge in the same solution in the refrigerator had no deleterious
ffect on the CM disks. Before the chromatographic separation
he regenerated disk is first washed with water, then inserted
nto the housing, attached to the HPLC system, and washed with

obile phase for at least two runs in the case of fractionation
nd purification of PME, at least three runs being necessary in
he case of purification of PG, where the mobile phase contains
cetonitrile.

Isolation of pure enzymes from biological matrices is a chal-
enging task but pure tomato PME and PG are readily accessible
ith these relatively new chromatographic materials that we
ave used. Our new procedure using CIM CM short monolithic
isk columns with two cation-exchange chromatographic steps
rovides a way of isolating PME and PG that is much faster and
ore efficient than the published procedures [9,41,44]. Addi-

ionally, the BIA Separations method transfer calculator, based
pon a formula derived from the transfer of gradient methods
or protein separation between columns of different sizes [28],
an facilitate a simple scaling-up to the CIM® tube monolithic
olumns for preparative fractionation of bigger amounts of the
nzymes at once than it was in our case (about 200 �g of proteins
oaded for one run). Work with smaller amounts of enzymes is
lso possible using smaller CIM disks than were used in our
ork.
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18] F. Švec, T.B. Tennikova, Z. Deyl (Eds.), Monolithic Materials: Preparation,

Properties and Applications, Journal of Chromatography Library, vol. 67,
Elsevier, Amsterdam, 2003.

19] D. Josic, A. Buchacher, A. Jungbauer, J. Chromatogr. B 752 (2001) 191.
20] A. Jungbauer, R. Hahn, J. Sep. Sci. 27 (2004) 767.
21] T.B. Tennikova, F. Svec, B.G. Belenkii, J. Liq. Chromatogr. 13 (1990) 63.
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