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Characterization of the Temperature Activation of Pectin
Methylesterase in Green Beans and Tomatoes
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Low-temperature blanching of vegetables activates the enzyme pectin methylesterase (PME), which
demethylates cell wall pectins and improves tissue firmness. This temperature activation of PME
has been investigated by measuring the formation of methanol in intact tissue of green beans and
tomatoes. Rates of methanol formation at temperatures of 35—65 °C were obtained by measuring
the release of methanol from thin slices of tomato pericarp or green bean pod material. Activation
energies of 112 and 97 kJ mol~! were calculated for PME activity in green beans and tomatoes,
respectively. These activation energies indicate that the rate of pectin demethylation at 65 °C will be
nearly 100 times that at 25 °C. PME activity was also determined titrimetrically using a solubilized
form of the enzyme and purified pectin at temperatures from 30 to 60 °C. Under these conditions,
much lower activation energies of 37 and 35 kJ mol~! were obtained for green beans and tomatoes,
respectively. Methanol accumulation during heating of whole intact green beans was also determined
and yielded an activation energy similar to that obtained with sliced beans. Whole green beans held
at room temperature did not accumulate any methanol, but sliced or homogenized beans did. If whole
beans were first heated to 45 °C and then cooled, methanol accumulation was observed at room
temperature. These results indicate that two factors contribute to the observed high rate of pectin
de-esterification during low-temperature blanching: (1) An irreversible change, causing PME to
become active, occurs by heating to =45 °C. (2) The high activation energy for pectin de-esterification
means that the rate of de-esterification increases substantially with increasing temperature.

KEYWORDS: Pectin methylesterase; temperature activation; methanol; low-temperature blanching;
tomato; green bean

INTRODUCTION acid vegetables such as green beans, can result jf-gtien-

Maintaining a firm product texture is an important quality inative cleavage and solubilization of pegtins. This pectin
consideration in the thermal processing of vegetables. In freshPréakdown leads to a further loss of firmness. Because
vegetables texture is determined by both the mechanical strengttf-€limination occurs only at methylesterified galacturonic acid
of the cell wall and cellular turgor pressure. Because membranefesidues (56), a reduced level of methylesterification reduces
integrity and thus turgor pressure are rapidly lost during thermal the tendency of the pectins to undergo this type of cleavage
processing, the most important determinant of texture in during high-temperature processing.
processed vegetables is the structure of the cell wall, particularly |t was first demonstrated more than 40 years ago that the
the degree of polymerization and the level of methylesterification texture of thermally processed vegetables could be improved
of the galacturonic acid residues within the pectihs§). The  py supjecting the material to a low-temperature (generally 50
level of methylesterification, which is controlled by the activity ;g °C) blanch prior to high-temperature processifigd). This
,Of the enzyme pectin methylesterase ('_DME)_' can aﬁect. teXturefirming effect of low-temperature blanching prior to high-
In two ways. F'rSt‘ the free carboxyllc. aC|q groups in th'e temperature processing has subsequently been studied in a
unesterified regions of the polygalacturonic acid chains can bind number of vegetable®( 15). A substantial body of evidence
calcium. Calcium bound to these sites can cross-link pectin indicates that the firming éffect is due to the temperature
chains of the middle lamella, creating greater cell to cell activation of PME. The resulting reduction in the degree of

adhesion and a firmer texturd)( This is the basis for the e L2 .
longstanding practice of adding calcium to products such as methylesterification of the pectins in the middle lamella allows

diced tomatoes to improve firmness. Second, prolonged high-for more calcium cross-linking between pectin molecules and

temperature treatments, such as those needed to sterilize low@ réduced amount of pectin chain cleavage/bglimination
during high-temperature processing. Although both factors may
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important factor for texture improvement in tomatoes (16), MATERIALS AND METHODS

\t/)vhereas reducegelimination may be the main factor in green Materials. Alcohol oxidase (fromPichia pastoris), Purpald, and
eans (9). apple pectin (degree of methylesterificatioii5%) were obtained from

Itis generally accepted that PME activity increases in a low- Sigma, St. Louis, MO. Roma type tomatoes and green beans (variety

temperature blanch, but the mechanism for temperature activa-not known) were obtained from a local market. Green beans were stored

tion is less well understood. A simple explanation for the at4°C and tomatoes at room temperature for up to 1 week prior to

increased activity would be that, as with most other enzymes, use.

PME activity simply increases with temperature. Studies on the _Determination of Methanol. _I\/Iethanol_ was quantified using alcqhol

temperature dependence of PME activity, employing an ex- OXIda'SB and Purpald, as described previouddy. Our standard reaction

tracted and, in some cases, purified form of PME and assayedC°ntained 9L of 200 mM phosphate buffer (pH 7.2), 14b. of alcohol

under optimal conditions using purified pectin, have been oxidase at 0.01 unjtL. in 200 mM phosphate buffer (pH 7.2), 250

ted b b f K | t -8 uL of the sample solution, and B to give a final volume of 20@L.
reported by a number o Workers. In most cases only-a- In experiments when the sample solution contained added calcium, 100

fold increase in activity was observed when the temperature mu citrate buffer (pH 6.5) was used in place of phosphate buffer to
was raised from 25 to 66C (17—20). This relatively small  avoid the formation of insoluble G@O,),. For samples that were
increase in PME activity cannot explain the large increase in homogenized in trichloroacetic acid (TCA), an aliquot of 0.5 N NaOH
pectin de-esterification and texture improvement that occurs sufficient to neutralize the acid was added and the amount,6fiH
during blanching at 50—76C. If the temperature response of the assay reduced to maintain a final volume of 200Assays were
PME was this small, the benefits of a low-temperature blanch Started by the addition of the alcohol oxidase solution and then incubated
would be small compared to the effect of simply allowing N @ water bath at 30C. After 10 min, 20QuL of a freshly prepared
material to sit at room temperature. It is likely then, that the 2 M9/ML Purpald solutionin 0.5 N NaOH was added, and the samples

were vigorously vortexed to ensure oxygenation. After an additional
temperature response of the enzyme, once extracted and assaye;f min at 30°C, the samples were removed from the water bath and

under artificial conditions, is_ different from the temperature g g mi of H,0O was added for a final volume of 1.0 mL. Absorbance

response of the enzyme acting on the endogenous pectins inyt 550 nm was then determined. Methanol concentrations were

Intact tissue. determined from a standard curve between 0 and 50 nmol of methanol.
It is possible that the temperature activation of PME involves ~ Methanol Production by Tissue SlicesThin slices (~1—2 mm)

more than simply the increase in activity with temperature. At of green bean pods and tomato pericarp were prepared using a sharp

elevated temperatures some change in the PME enzyme or itknife. For incubations a 20 mL serum bottle containing 18 mL of water

environment may occur such that the enzyme is converted to aWwas preheated to temperatures up td63n a circulating water bath.

different, more active form. One proposal along these lines, | ial Th | | ith
iginally put forward by Bartolome and Hoft.0), is that the vege_tab e material. The b_otte was closed with a rubbt_er serum stopper
originally p ! and incubated at the desired temperature, with occasional shaking. At

activation of PME occurs through an increase in the calcium yarious time points 0.1 mL aliquots of the incubation solution were
concentration around the enzyme. This model is based on theremoved with a Hamilton syringe, transferred to small sealed vials,
observation that in in vitro assays, PME activity can be increased and held on ice. To determine methanol contenyI50f the incubation

by the presence of calcium or other cations. In this model, solution was then assayed with alcohol oxidase and Purpald as described
elevated temperatures cause a loss of membrane integrity, whictabove.

allows calcium to leak out of the cells and into the cell wall, In experiments comparing the methanol content of the incubation
activating PME. Although this model has been widely cited, solution with _tha_\t of the tissue inceg, the procedure was modified as
there is actually very little evidence to support it. One serious follows. The |_n|t|al amount of water in the serum bottle was reduced
flaw is that it assumes that the calcium concentration in the © 10 mL. This water was preheated to 80, and then to start the

cell wall is initially low. Recent measurements made with incubation, 2.0 g of sliced material was added. At the times indicated

h h h hat th lci .__in the figures the incubation was terminated by adding 5.0 mL of ice-
tomatoes have shown, however, that the calcium Concentl'at'oncold 50% TCA, then removing the sample from the water bath and

in the apoplast is actually much higher than that of the bulk pjacing it on ice. A 20 sample of the incubation solution was saved,
cell sap (21). Rupturing the cells would lower rather than raise and then the remaining 14.8 mL of solution plus 2.0 g of plant material
the calcium concentration surrounding the PME enzyme. In was transferred to a mortar and pestle and homogenized. After
addition, many plants have been shown to contain multiple clarification of an aliquot of the homogenate by centrifugation at 1§300
forms of PME, some of which are only weakly affected by for 3 min, a 3QuL sample of the supernatant and the incubation solution
cations such as calcium. For example, in both green beans andvas analyzed for methanol content.

tomatoes the most abundant form of PME shows considerable Methanol Production by Whole Beans and Homogenatesvhole
activity even in the absence of added sa, 23). One would green beans were placed in plastic zip-lock bags and sealed, excluding

expect these enzymes to be active even in the absence of an)zs much air as possible. The bag was then placed in a circulating water
. . ath at the desired temperature. At the times indicated in the figures
ions leaking out of cellular compartments.

three beans were removed from the bag and placed on ice. After cooling
One of the products of pectin methylesterase activity is for at least 2 min, a 1.0 g sample of pod material was cut from each
methanol. Following the production of methanol during a low- bean and homogenized in a small mortar and pestle in 2.0 mL of 50%
temperature blanch is thus one way to measure the activity of TCA. The addition of acid was necessary to ensure inactivation of PME
PME in intact tissue 10, 11). We have previously shown that  during homogenization. After homogenization, an additional 1.0 mL
when thin pieces of tomato or other vegetable tissue are Of HO was added, and then an aliquot of the homogenate was
immersed in water and heated to activate PME, methanol rapidlylt;?grsf:;f;ymp?i ir'st?;f;?srizu?fr t‘;?;ha;ndoPifn?gn'tceszzqufengvfge
accumu@tes in the bathing .Somtlm' Samplmg the solution centrifuged for 3 min at 161@0 A 25 uL aliquot of the supernatant
s_urroundlng the plant r_naterlal provides for a s_lr_nple npndestruc- was then assayed for methanol content using alcohol oxidase and
tive way to follow th_e time course of PME activity durl_ng I_ow- Purpald as described above.
temperature blanching. Here we have examined the kinetics and - 14 getermine methanol production by homogenates, 2.0 g of plant
temperature response of this process to gain a better understandnaterial was homogenized with 6 mL 0@ in a mortar and pestle.
ing of the mechanism for PME activation during low-temper- At the desired times, 106L aliquots of the homogenate were removed
ature blanching and mixed with 100uL of 50% TCA. These samples were then

The incubation was started by the addition of 2.0 g of the sliced
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Figure 1. Methanol generation by green bean (a) and tomato (@) slices B 3
at 60 °C.
processed and assayed for methanol following the same procedure as S g 2t
used for the homogenates prepared from whole beans. 8o
Extraction and Titrimetric Assay of PME. To solubilize and 3z E
extract PME, green bean pod or tomato pericarp material was =21y
homogenized in a mortar and pestle in an equal weight of a solution =
containing 2.0 M NaCl and 10 mM phosphate buffer (pH 7.5). The s
homogenate was clarified by centrifugation at 16466 2 min. An 0
aliquot (equivalent to 0.5—25L of the supernatant) was then assayed 0 5 10 15
for PME activity. The high activity level in the tomato supernatant Time (min)

meant that in some cases it was necessary to dilute the tomatorigyre 2. Time course for methanol formation by tomatoes (A) or green
supernatant 10-fold with water prior to taking the aliquot for assay. To pagns (B), as determined by analyzing the whole sample (plant material
assay for PME activity, 2.5 mL of a solution containing 0.5% apple lus surrounding water; 4) or the surrounding water alone (<). Data
pectin, 0.2 M NaCl, and 0.1 mM phosphate buffer (pH 7.5) was put in points are the n?eans o,f chee replicates 9 ()

& plicates.

a stirred, water-jacketed cell and preheated to the desired temperatur
(30—60 °C). After starting the assay by the addition of the plant . . . .
supernatant, the pH of the incubation was adjusted to 7.5 by the additionProduction in the plant material, the two quantities were
of small aliquots of 0.1 M NaOH. Once the activity of PME had caused compared. To do this, a sample of plant material in water was
the pH to drop to 7.00, the time was noted and a small aliquot of 0.1 heated to 60C as inFigure 1, and then after incubation for
N NaOH (1-5uL) was added. This raised the pH t67.3, and then ~ up to 15 min, an aliquot of the surrounding water was taken
the elapsed time for the pH to return to 7.00 was recorded. PME activity and saved. Immediately following this, cold TCA was injected
was then calculated from the amount of added NaOH consumed in thejiq the sample to stop any further PME activity; then the entire
elapsed time. . _ sample, plant material plus surrounding solution, was homo-
Data Analysis. Linear regression was used to determine the best - .
genized. The methanol content of this homogenate was then

straight lines for estimation of rates of methanol production as well as d with th £ th d ali f1h di
for determining the activation energies in Arrhenius plots. When error COMpared with that of the reserved aliquot of the surrounding

estimates are given for activation energies, they are derived from thesewater. In both tomatoes and green peans the initial rate of
linear regressions. Error bars, when present in the figures, indicate onemethanol accumulation in the surrounding water was nearly the

standard deviation. same as the rate of accumulation in the total homogenized
sample (Figure 2). Although the slopes are nearly the same, in
RESULTS both cases the apparent amount of methanol in the complete

homogenate is slightly higher than that in the surrounding water.
Because our method for determining methanol, enzymatic
conversion to formaldehyde followed by colorimetric detection

by Purpald, is not completely specific for methanol, it is possible
that this additional amount of apparent methanol in the

Methanol Production by Tissue SlicesHeating thin slices
of both tomatoes and green beans to°@0caused the rapid
accumulation of methanol in the surrounding solutiig(re
1), consistent with what we have observed previously with other

vegetablesZ4). In both beans and tomatoes, methanol produc- ) X
tion slowed considerably after15 min at 60°C. This reduction homogenates actually arises from other substances in the plant

in the rate of methanol production could be due to either the Material that interfere with our assay. For example, it has been
depletion of the available pectin methylester substrate by the shown that most plant materlals, including tomatoes, can contain
PME enzyme or a loss of PME activity as the enzyme is slowly UP t0 1 nmol/mg of fresh weight of bound formaldehy@8)
inactivated at this temperature. Previous work with tomato PME ~ To determine the temperature dependence of PME activity,
suggests that inactivation is not likely to be a factor at60 initial rates of methanol production were determined for both
Although we have no direct evidence that this methanol is the green beans and tomatoes at a series of temperatures. For this
product of PME catalyzed de-esterification of pectin, we know measurement, the accumulation of methanol in the surrounding
of no other reaction in plant material that could account for its solution was used to estimate the production of methanol by
production. Other workers have shown that pectin de-esterifi- the plant material. At each temperature investigated a linear rate
cation is the predominant source of methanol from plant material of methanol production was obtaine#igure 3). From the
(25—27). The initial rate of methanol production is thus a slopes of these lines, rates of methanol production were
measure of the PME activity in the plant material at that calculated and plotted versus temperature in an Arrhenius plot.
temperature. For both green bean and tomato slices, continuous linear plots
The methanol measurements kigure 1 were made by were obtained (Figure 4). From the slopes of these plots
sampling the solution surrounding thin slices of plant material. activation energies of 97 and 112 kJ mbivere calculated for
To establish that the initial rate of methanol accumulation in tomatoes and green beans, respectively. Similar determinations
the surrounding solution accurately reflects the rate of methanolwere done with thin slices of pea pods and carrots over this
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Figure 5. Arrhenius plot for the temperature dependence of PME activity
(v), assayed titrimetrically with a salt extract enzyme from tomatoes (H)

2t /')/0/’/, or green beans (O) and purified apple pectin.
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Figure 3. Time course for methanol generation by thin slices of tomato B ;
pericarp (A) or green bean pod (B). Plant material was incubated at 35 2
°C (#), 45 °C (M), 55 °C (a), and 65 °C (®). 0 J '
0 100 200 300
-3 Time (min)
4 Figure 6. Time course for methanol generation by whole green beans at
5 | 45 °C (@), 50 °C (#), 55 °C (), and 60 °C (m). Data points for 45 and
= 50 °C are the means of three replicates; data points for 55 and 60 °C
= 6 r are single determinations.
7
8 onions (19), and green pepper20), which gave activation
=T energies of 31, 26, 33, and 23 kJ mblespectively.
-9 ! 1 1

Experiments with Whole Green Beans.Using thin slices
0.0029 0.003 0.0031 0.0032 0.0033 of plant material to measure the kinetics of methanol generation
T (K by intact tissue during heating offers several advantages. Heat
(K™ e . e
i ) penetration times will be short and not a significant factor. The
Figure 4. Arrhenius plot for the temperature dependence of the rate of methanol produced is rapidly released to the medium, allowing
methanol formation by thin slices of tomato pericarp (M) or green bean

. oI for nondestructive sampling and the collection of many time
gods (). Rates (v) were derived from the slopes of the lines in Figure points. Nevertheless, it could be argued that results obtained

with sliced material do not necessarily reflect what occurs in

. i _larger intact pieces of tissue. We thus looked at the effects of
same temperature range, and linear Arrhenius plots were againeating on methanol accumulation in whole green beans. Whole

obtained (data not shown). For both pea pods and carrotsiymatoes were not examined due to their large size and the
activation energies of 130 kJ mélwere obtained. associated long heat penetration times. For this measurement
The activation energy for pectin de-esterification by PME beans were sealed in a plastic bag, immersed in a water bath
under commonly used laboratory assay conditions was alsofor various times, and then cooled and homogenized, and the
determined. In this case PME was extracted from tomatoes andmethanol was content determined. Consistent with the results
green beans by homogenizing the plant material in high salt to obtained with thin slices of material, linear increases in methanol
solubilize the enzyme. Activity was then measured titrimetrically content were observed when green beans were incubated at
at pH 7, using a saturating concentration of purified apple pectin temperatures between 45 and 85. The temperature range
as a substrate. From the activity measured at temperaturessxamined with whole green beans was narrower than that used
between 30 and 60C, Arrhenius plots were constructed for  with green bean slices because, unlike the sliced material, with
both tomatoes and bearsigure 5). In both cases linear plots  which a linear rate of methanol accumulation could be measured
with similar slopes were obtained. From these slopes activationat 35 °C (Figure 3), methanol accumulation in whole green
energies of 35 and 37 kJ mdlwere calculated for tomatoes beans at temperatures below %5 was very low and linear
and green beans, respectively. This value for tomato is in goodtime courses were not obtained. Typical time courses of
agreement with the value of 31 kJ mélrecently reported for methanol accumulation at several temperatures are given in
PME purified from tomatoes and assayed under similar condi- Figure 6. Rates calculated from the slopes of such time courses
tions but between 0 and 2% (29). These values are also in  were plotted versus temperature in an Arrhenius ffagyre
good agreement with results obtained from titrimetric assays 7). From this plot an activation energy of 117 kJ miolvas
of PME extracted or purified from apple4?), potatoes (18),  obtained, which is similar to the 112 kJ mélobtained using
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Figure 7. Arrhenius plot for the temperature dependence of the rate of Time (hours)
methanol formation (v) by intact whole green beans. Figure 8. Time course for methanol generation at room temperature (23
°C) by whole green beans (#), green bean slices (M), or a green bean
Table 1. Activation Energies for Methanol Production by Whole or homogenate (). Each point is the mean of three replicates.

Sliced Material and for PME Activity of the Salt Extracted Enzyme,

Assayed Titrimetrically =

methanol production (kJ mol~1) ‘i

slices whole PME activity g

green bean pods 112+3.0 117 +£15 37+08 §

tomato pericarp 97409 35405 s

5

=

. . B . . . 6

thin slices of beans. A summary of the activation energies is = s

given inTable 1. 0 10 20 30

PME Activity at Room Temperature. Extrapolation of the
lines inFigures 4and7 to lower temperatures indicates that a
low but measurable rate of methanol accumulation should occurFigure 9. Methanol production at room temperature by preheated green
in both sliced and whole green beans held at room temperature beans.

When sliced beans were incubated at room temperaturggR3

for times up to 30 h, this expected production of methanol was methanol production upon homogenization indicates that a loss
indeed observed~{gure 8). From the slope of the line iRigure of compartmentation within the plant material leads to a very
8, a rate of methanol production of 0.075 nmol mg of fiwt  large increase in PME activity.

h~1was calculated. This is in reasonable agreement with a value Although whole green beans did not accumulate methanol
of 0.11 nmol mg of fwt! h™! that can be obtained by at room temperature, if they were preincubated atGdor 1
extrapolating the line irfFigure 4 to 23 °C. By contrast, with h, then cooled and allowed to stand at room temperature,
intact whole beans no methanol accumulation occurred over 48methanol production was observeBigure 9). The rate of

h at room temperaturd=igure 8). Extending this time course  methanol production at room temperature by these preheated
up to 7 days also failed to show any methanol accumulation. beans was comparable to that obtained with the sliced material.
The lack of methanol accumulation indicates either that no PME The higher initial level of methanol in these heated beans reflects
activity is occurring at room temperature or that any methanol the activity of PME occurring during the 1 h preheating step. It
produced is further metabolized. This latter possibility cannot is apparent then that heating intact beans t6G@auses PME

be excluded because plants are able to metabolize metl3@hol ( to become active and that the enzyme remains active even after
and plant surfaces are known to harbor methylotrophic bacteriathe material is cooled to room temperature. The temperature
(32). Itis possible that these pathways are sufficient to consume dependence of this PME activation was investigated by incubat-
the small amount of methanol produced at room temperature,ing whole beans for 1 h atseries of temperatures, measuring
but at higher temperatures they are either thermally inactivated the methanol content, then allowing the beans to incubate for a
or simply overwhelmed by the increased methanol production, further 23 h at room temperature, and again measuring methanol
allowing for the observed accumulation. (Figure 10). One hour incubations at temperaturessd0 °C

We also investigated the activity of PME in a green bean did not lead to any accumulation of methanol either initially or
homogenate. When green beans were homogenized and incuafter the extended room temperature incubation. AboveCi0
bated at room temperature (28), methanol was produced methanol was produced both duringetil h at elevated
(Figure 8). The rate of methanol production by the homogenate temperature and during the subsequent room temperature
was >5 times that of the sliced material incubated at the same incubation.
temperature. Similarly, tomatoes homogenized at room tem- Effect of Calcium and EDTA. Because calcium is known
perature rapidly generated methanol (data not shown). The rateto activate PME activity, it has been proposed that an increase
of methanol production by tomatoes was many times greaterin the cell wall calcium concentration is an essential element
than that of green beans, consistent with a much higher totalin the temperature activation of PME. Consequently, the effects
level of PME activity in tomatoes versus green be&. Rapid of calcium and the calcium chelator EDTA on the production
pectin demethylation upon homogenization agrees with the well- of methanol from green bean slices were examined. Green bean
known observation from commercial tomato processing that slices were vacuum infiltrated with either water, 50 mM CaCl
once the tomatoes are comminuted, PME and polygalacturonaser 10 mM EDTA. They were then immersed in these same
will rapidly degrade pectins if not immediately inactivated by solutions and preheated to 80, and the production of methanol
heat in the so-called “hot break” process. The high rate of overtime was measured. Samples treated with calcium produced

Time (hours)
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~5 activation energy for PME activity agrees with that obtained
'g l from slices (Table 1).

24 The most important factor in the large increase in PME
5 3 activity during low-temperature blanching is the high activation
£ energy for PME to act on the endogenous pectins in intact tissue.
:—:5 2 This high activation energy results in a very large increase in
St activity with temperature. For example, the activation energy
g . . of 112 kJ mot?, obtained for methanol generation by tissue

slices of green beansTéble 1), translates into an 88-fold

20 25 30 35 40 45 80 increase in activity at 60 versus 26. Tomatoes, carrots, and
pea pods had similarly high activation energies and thus would
have similarly large increases in PME activity with temperature.
The Arrhenius plots ifrigure 4 are linear and continuous over
the temperature range of 3865 °C, indicating that when thinly
sliced material immersed in water is assayed, the increase in
activity with temperature does not involve any specific activation

Temperature (°C)
Figure 10. Temperature dependence for methanol formation by whole
green beans heated for 1 h at the indicated temperatures (a) and after
a subsequent 23 h incubation at room temperature ().

10
) of the PME enzyme or change in the reaction mechanism over
Z 8 this temperature range. Using this sliced material, pectin
g 6 | demethylation can be measured even at room temperature
g (Figure 8), although the rate is very low.
£ 4} The activation energy for PME activity, determined using a
% salt-extracted PME preparation and assayed with the standard
£ 2 titrimetric assay, was 37 kJ mdl This value is in line with
=, what is found for others for soluble enzyme acting on soluble
0 20 40 60 substrates where activation energies are typically in the range
of 30—60 kJ mot? (32). At the same time it is only one-third
Time (min) that obtained by measuring PME activity by methanol produc-
Figure 11. Effect of added calcium or EDTA on the time course of tion from intact tissueTable 1). There are many possible origins
methanol generation by green bean slices. Green bean slices were for this 3-fold difference in activation energy between the two
incubated at 60 °C in water (M), 50 mM CaCl, (a), or 10 mM EDTA assays. The solubility and effective concentration of the pectin
(®). substrate, as well as the pH and ion concentration surrounding
the enzyme, are likely very different in the two assays. Any
~2 times the amount of methanol as those in wakég\re one of these factors could alter the observed activation energy

11). This enhanced production of methanol by added calcium of the enzymatic reaction. It is also possible that some step in
agrees with our previous results for tomato slices, which showed the overall process of converting the substrate in intact tissue,
a similar doubling of methanol production by added calcium other than the actual demethylation reaction, is strongly tem-
(16), and is consistent with the known activating effect of perature dependent and determines the observed temperature
calcium on PME. Treatment with EDTA reduced the amount dependence. For example, elevated temperatures may induce
of methanol produced but did not entirely prevent it. This changes in the structure of the pectin matrix of the cell wall
indicates that a portion of the PME activity in green bean pods and middle lamella and allow for the PME enzyme to come in
does not require calcium for activity, which is consistent with contact with its substrate. The observed activation energy could

what has been reported (22). reflect the temperature dependence of this process rather than
that of the demethylation reaction.
DISCUSSION The activation energy of 37 kJ md| found with the

The rate of methanol production determined by measuring titrimetric assay of the extracted green bean enzyme, implies
the methanol content of the surrounding solution closely parallels ©nly a 4-fold increase in activity at 60 versus 5. This is in
the rate of methanol production in the plant material. This contrastto the 88-fold increase in methanol production by tissue
indicates that the methanol produced by the action of PME Slices over the same temperature range. Measuring the effect
rapidly diffuses out of the plant material into the surrounding ©f temperature on PME activity using a solubilized or purified
solution. This is not surprising given that thin{2 mm thick) PME preparation and the standard titrimetric assay thus does
slices of material were used and that the methanol producednot give information relevant to the temperature activation of
from pectin de-esterification is formed outside the plant cells PME in intact tissue. In addition, salt-extracted PME is likely
in the cell wall where no barrier to diffusion would be present. t0 have a thermal stability different from that of the enzyme in
The advantage of measuring the methanol content of the the intact tissue. Together these factors would eXpIain Why a
surrounding solution rather than the plant material directly is POOr correlation was previously noted between the temperature
that the sampling is nondestructive and multiple time points dependence of firming by low-temperature blanching and the
can be taken on a Sing|e Samp]e. Using thin slices also greaﬂytemperature dependence of PME aCtiVity measured titrimetri-
reduces the come-up time during heating and permits accuratecally with an extracted enzyme (15).
kinetic measurements over relatively short time courses. For A high activation energy and the resulting steep temperature
many commodities, such as carrots or tomatoes, the large sizedependence of PME activity in intact tissue has consequences
and slow heat penetration times would confound any interpreta- for the design of low-temperature blanching procedures. For
tion of methanol accumulation during heating if whole veg- practical application of such blanching processes, heating times
etables were used. In the case of green beans reasonable kineticgeed to be as short as possible. It is apparent from the kinetic
could be obtained with whole intact material and the calculated data that temperature differences of only a few degrees will
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lead to substantial differences in the rate of pectin demethylation. not require calcium. This is consistent with the results of PME

With green beans, for example, blanching at60vould require
twice as long as blanching at 6& to achieve the same level

purification from green beans, where the isozyme designated
PE-1 showed little salt stimulation (22).

of pectin de-esterification. It is thus apparent that the highest

A simpler explanation for the increase in PME activity upon

possible temperature, one just short of that leading to rapid tissue disruption would be that in intact tissue, some or all of
inactivation of the PME enzyme, should be used. In green beansthe PME enzyme is fully active but physically separated from
and tomatoes the principle form of PME is relatively thermo- its substrate. The increase in pectin de-esterification after tissue
stable and is not rapidly inactivated at temperatures below 70 disruption is simply the result of the enzyme and substrate
°C (22, 33). We have recently shown that a blanching treatment coming together. There are many other well-known enzymes

as short as 5 min at 74 caused a significant improvement in
the firmness of diced tomatoed4§). Most of the available

information on PME inactivation is derived from solubilized
or purified preparations. Obtaining inactivation kinetics for PME
in intact tissue would be very useful for designing low-

in plants, such as alliinase, myrosinase, or polyphenol oxidase,
where the enzyme and its substrates are normally found in
separate compartments, leading to a sudden burst of enzyme
activity upon tissue disruption. Immunolocalization data from
tomatoes, however, indicates that most of the PME protein is

temperature blanching processes. The high activation energyassociated with the cell wall and not some other compartment
for PME activity in intact tissue is not the only factor involved (36). It is still possible that the bulk of the pectin with high

in the activation of PME during low-temperature blanching. methoxy content and the PME enzyme are located in different
Whole green beans showed no evolution of methanol when parts of the cell wall or even different regions of the tissue.
maintained at room temperature. Only when heated abci@ 40 The activity of PME in tomato pericarp during ripening has
was any methanol production observeigiire 10). More  been shown to be highly localize@7).

significantly, once activated by heating 1045 °C, the PME The exact temperature dependence and mechanism for the
enzyme remained active even when the material was broughtirreversible activation of PME in intact tissue are of little interest
back to room temperature. This would indicate that some type in low-temperature blanching applications because these pro-
of irreversible change took place in the PME enzyme or its cesses will involve temperatures well above°@ Understand-
environment during the heating. A loss of membrane integrity ing this activation may be of more interest to postharvest
and leakage between cellular compartments at temperatd@s ~ handling of materials. For example, air temperature during the
°C would be a simple explanation for this irreversible change. harvesting of tomatoes can reach*@ and harvested material
Consistent with this, we found that other treatments that rupture often sits in the sun for hours before processing. The internal
cellular membranes, such as freezing and thawing the tissue temperature of this material may well reach a level high enough
also caused green beans to produce methanol at room temperto activate PME. A more detailed study of the time and
ature (data not shown). This would not, however, explain why temperature dependence of PME activation in tomatoes would

the sliced material gave continuous Arrhenius plots down to thus be of interest.

35°C () and green beans were active even at room temperature.

It is possible that in the sliced material most of the observed LITERATURE CITED
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