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ABSTRACT

In order to evaluate the involvement of fructansdiought tolerance, experiments were conductedgusitact
plants and excised rhizophores gérnonia herbacearhe water content in rhizophores of intact plamtas
maintained for 30 days when plants were wateredyeveand 15 days, whereas plants remained aliveéoup60
days without water. Total fructan, oligo- to polgsharides ratio and mean molecular mass of polyisacdes
increased in these plants indicating depolymerarattf median size molecules. In apical fragmenthiabphores
kept dry the oligosaccharides increased in relatiompolysaccharides one day after excision in edaissues. This
was reflected in the HPLC profile of the oligosaagties in which the proportion of free fructose afrdctans with
DP 4-10 increased markedly. Results indicate thatthn metabolism is involved in drought toleranafeV.
herbacea

Key words: Inulin, environmental stresses, drought, fructatabolism, reserve organs, Asteraceae

INTRODUCTION Campillo, 1985; Wiemken et al., 1986; Puebla et
al. 1997). It has been suggested that fructans play a
Fructans are the main reserve carbohydrate in thgimary role as an osmotic regulator, allowing not
highly evolved and economically important plantjust survival of the plants but growth under
families Poaceae and Asteraceae. So far thedonditions of limited access to water (Spollen and
physiological role, besides being a reservdNelson, 1994; Pilon-Smits et al., 1995). The
carbohydrate, remains unclear. As fructans artheories of low temperature survival and osmotic
synthesized from sucrose in the vacuoles (Wagnéegulation come together in one aspect, the
et al., 1983; Vijn et al., 1997), their synthesisseasonality of plant growth (Hendry and Wallace,
might control the sucrose concentration in this cell993). Fructan containing species are most
compartment, therefore preventing sugar-inducedbundant in areas where growth is concentrated in
feedback inhibition of photosynthesis (Pollock,certain seasons within an annual cycle, for
1986 and references therein). example in regions showing a seasonal pattern of
Several authors have studied the role of fructans #ginfall. Evidences for the involvement of fructans
cryoprotectant, conferring survival under lowin drought tolerance, either directly or indirectly
temperatures (Eagles, 1967; Pontis and Ddhrough their depolymerization to sucrose and
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hexoses, compounds osmotically more active thaMATERIAL AND METHODS

fructans, have been reported by various authors.

Spollen and Nelson (1994) studied the effect oPlant material and experimental descriptions
water deficit in leaves of tall fescue and showedPlants ofVernonia herbacegVell.) Rusby were
that the involvement of fructan metabolism incollected from a preserved cerrado area in Moji-
osmotic adjustment was indirect and that sucros@uacu, SP, Brazil (228'S, 4711'W) and used
and hexoses were the effective compounds tdirectly to obtain rhizophore apices or as
lower the osmotic potential of the cells. Pilon-propagation material for new plants. Two year old
Smits et al. (1995) introduced a bacterial enzymglants obtained from rhizophore fragments through
capable of synthesizing fructans into tobaccwegetative propagation were wused in the
plants, a non-fructan species. These fructarexperiment. Plants were cultivated in individual
producing transgenic plants showed moreots (2.0 L capacity), separated into 5 groups, each
resistance to drought stress, as determined by theihe receiving a different watering regime: 1)
biomass accumulation. Recently, similar resultgontrol plants, soil under 100% field capacity; 2)
were obtained with transformed sugar beets (Pilorplants irrigated every 7 days; 3) plants irrigated
Smits et al.,, 1999). However, as informationevery 15 days; 4) plants irrigated every 30 days
concerning fructan mediated drought tolerance iand 5) plants kept dry for 60 days. Sampling days
transgenic plants was obtained with thefor analyses were of 30 (plants from group 2, 3
introduction of a bacterial enzyme, it could beand 4) and of 60 days (plants from group 2, 3, 4
controversial among plant physiologists. and 5). The experiment was carried out from
Vernonia herbacegAsteraceae) is native to the September through November 1992 in a
cerrado vegetation and presents a well definegreenhouse, with averages of low and high
seasonal pattern of growth within the annual cycleemperatures of 20 and 35 °C, respectively.
(Carvalho and Dietrich, 1993; Carvalho et al.In another experiment, apical fragments of
1997). Similar to various other herbaceoughizophores measuring 1.5 cm in length were
Asteraceae from the cerrado (Tertuliano an@btained from plants collected during the summer
Figueiredo-Ribeiro, 1993), plants of this speciesind placed in Petri dishes layered with filter paper.
accumulate high levels of fructans of the inulinwater was added to half of the dishes while the
type in the underground storage organs (Carvalhether half was maintained dry. The experiment
and Dietrich, 1993). These organs, namegvas carried out in growth chambers at 20 °C, in
rhizophores (Menezes et al., 1979), guarantee thlRe dark.Fragments from both treatments were
perenation of the plants during unfavourableanalysed for soluble carbohydrates and water
periods of drought in the cerrado, which coincidecontents 1, 3, 5 and 7 days from the beginning of
with the low temperatures of winter. the experiment. On day five, fragments which had
Dias-Tagliacozzo et al. (1999) have shown thabeen kept dry were watered to allow tissue re-
low temperatures have no direct effect on fructanydration. On each sampling day, fragments were
metabolism in intact plants nor in fragmentedcollected from the Petri dishes, frozen and freeze-
rhizophores o¥/. herbaceaThe authors suggested dried before analysis. The same samples were used
that differences observed in fructan contents and #for dry mass determination.

the proportion of the individual members of theField capacity was determined by the difference in
homologous fructan series were due mostly tenass between wet and dry soils. Drying was
changes imposed by low temperatures on the ratesgiftained under 105C. On each sampling day the
metabolic  processes characteristic  of  th&oils were dried, weighed and their water content
phenological stages of the plants at the moment theas calculated as a percentage of the field
experiments were performed. Based on these resufispacity. Relative water content in rhizophores
our attention has been focused on the effect adwatwas calculated as described by Thomas (1991):
suppression on fructan metabolism and consequently

on the possible involvement of these compounds in RWC =100 X weight of water in fresh tissue

the resistance &f. herbacedo drought. weight of water in fully hydrated tissue

Leaf area was calculated by using a linear
regression curve (y = 0.2737 + 0.7158 x), where x
is the product of leaf length vs. leaf width, with a
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correlation coefficient of 0.9658, determinedoutput range was 1 nA.

specifically for this species (Carvalho, 1991). DryHPAEC/PAD elution patterns were compared to
mass of rhizophores was determined in samples ltiose of reference standards obtained from tubers
oven drying at 80°C to constant weight. The of H. tuberosusxtracted according to Pollock and
above measurements were done in five sample3ones (1979).

each one represented by one potted plant. Fructo-polysaccharides were analysed by gel
permeation chromatography (GPC) using a Bio-
Carbohydrate extraction and analysis Gel P-10 column as described by Carvalho and

Fructans were extracted from three separat®ietrich (1993). Relative molecular mass was
samples according to Pollock and Jones (1979stimated according to Andrews (1965).

The tissue was ground in a mortar with 80%

agqueous ethanol and the homogenate placed in a

water bath at 80C for 5 min and centrifuged at RESULTS

1,000g for 15 min. The residue was reextracted

once as above and then submitted to watéRhizophores of intact plants maintained a relative
extraction for 30 min at 60C. The supernatants water content near 100 % for 60 days when water
were pooled and concentrated. Following, thregvas supplied every 7 and 15 days. Plants, from
volumes of ethanol were added to allowwhich water was withheld for 30 days also
precipitation of the fructo-polysaccharides presentnaintained this high level of water contents during
in the mixture. Remaining supernatant containethe first 30 days, but failed to keep it for 60 days.
the fructo-oligosaccharides. Water in soil gradually decreased in all watering
Free and combined fructose were measured usifigequencies (Fig. 1).

a kestose specific modification of the anthroneThirty days after the beginning of the treatments,
reaction (Jermyn, 1956) and fructose as standartbtal fructan increased in plants from which water
Fructo-oligosaccharides were deionized througlvas withheld for 30 days as a result of an increase
ion exchange columns, according to Carvalho anith both oligo- and polysaccharide fractions whereas
Dietrich (1993). Subsequently they were analyseflo significant changes were observed in plants
by high performance thin-layer chromatographywatered every 7 or 15 days. However, after 60 days,
(TLC) on silica gel plates according to Kanaya efructo-polysaccharides decreased in all watering
al. (1978) and stained with urea-phosphoric acifrequency treatments, causing an increase in the
(Wise et al., 1955). Oligosaccharides of the inuliratio of oligo- to polysaccharides mainly in plants
series from tubers oflelianthus tuberosusvere irrigated every 15 and 30 days (Fig. 2).

used as standards. Qualitative analysis of fructo-oligosaccharides by
Fructans were also analysed on a PA-1 aniomLC (Fig. 3) showed that every low DP members
exchange column using a Dionex DX-300 gradiendf the inulin series (DP 3 - ca. 14) was present in
chromatography system with pulsed amperometrithis fraction, although changes in their relative
detection (HPAEC/PAD). The gradient wasproportions were observed for the various
established according to Shiomi (1993). Eluent Areatments. In plants watered every 30 days,
(150mM NaOH) and eluent B (500mM sodiumfructose, sucrose and the remaining components of
acetate in 150mM NaOH) were mixed as followsthe series were more concentrated, reflecting the
0-1min., 25mM; 1-2min., 25-50mM; 2-14min., 50- observed increase of total fructose in the
500mM; 14-22min., 500mM; 22-30min., 25mM. oligosaccharide fraction. This increase occurred
The flow rate through the column wassimultaneously to the reduction in the

lcnt.min®. The applied PAD potentials for polysaccharide fraction seen in Fig. 2.
E1l (300 ms), E2 (120 ms) and E3 (300 ms)

were 0.05, 0.60 and -0.60 V, respectively, and the
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Figure 1 - Water content in soill) and relative water content in rhizophorés) (of V. herbacea
under different watering treatments. Bars represenstandard error.
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Figure 2 - Contents of fructo-oligosacharides (a) and fruattypacharides (b) in rhizophores of
intact plants o¥. herbaceaunder different watering frequency/ @), 15 2), 30 )
and 60 &) days). Samples were taken at0) @nd after 30 and 60 days. Bars represent
1 x standard error.
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Table 1 - Quantification of glucose, fructose and sucrosehizophores of plants dfernoniaherbaceaunder
different watering treatments.

Sugar (Ug. mg dry mass) *

Watering Sampling

Frequency (days) Time (days) Glucose Fructose Sucrose
- 0 7.98 15.28 8.33
7 30 7.10 12.39 6.98
7 60 1.19 10.01 5.80
15 30 7.84 15.26 6.40
15 60 4.12 19.91 8.73
30 30 5.87 28.60 14.87
30 60 3.14 20.40 10.33
60 60 1.87 14.98 11.75

' ’ Fructose
‘ ' ' 2 ' Sucr ose
&
- - ' ® 1lectose
- - Nystose
- - .
vV "
. - ® .
' - v ' ¥ » .
. » ¥ »
b v .
'5 " 10
r %
P &
y =BT Origin
7 7 15 15 300 &0 90 Ht  Watering frequency {days)
o 30 &0 30 &0 30 &0 &0 90 Sampling time (days)

Figure 3 - TLC of fructo-oligosacharides present in rhizog®of intact plants ofV. herbacea
under different watering treatments. Numerals 5qifirk the mobilities of fructo-
oligosacharides of degree of polymerization 5-1@clE lane contains fructose
equivalent to a fixed dry mass value. Ht - fructig@saccharides from tubers of
Helianthus tuberosus.

After 60 days without water, rhizophores exhibitedrrigation for 60 days, possibly due to
a reduction in DP 3 -14 fructans and a consequedepolymerization of fructans of intermediate
increase in the proportions of fructose and sucroseolecular size. Indeed, HPAEC/PAD profiles
(Fig. 3). Quantification of glucose, fructose andshowed that peaks corresponding to those
sucrose by HPAEC/PAD analysis confirmed thamolecules, still clearly present in plants without
increase of fructose and sucrose in plants wateradater for 30 days (Fig. 4a,b) were markedly
every 30 days and sampled at 30 and 60 dayeduced in plants without irrigation for 60 days
(Table 1). (Fig. 4c). In these groups of plants, the mean
HPAEC/PAD profile of fructo-polysaccharides degree of polymerization changed from an initial
(Fig. 4) indicated that the relative mean molecula8 to 36, as determined by gel permeation
mass (Mr) of polymers increased in plants withouthromatography. After thirty days of water
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suspension a decrease in the average leaf numbeligosaccharides were found in treated fragments
leaf area and in the fresh mass of the aerial orgamgen compared to watered ones (Fig. 5a).
were clearly observed (Table 2). Oppositely, higher values of polysaccharides were
In a short-term experiment, apical fragments ofound in control fragments (Fig. 5b). Similar
rhizophores were kept dry for five days whenresults were found when fructan contents were
water was again supplied. Comparing the amountxpressed on a dry mass basis.

of fructans present in the oligosaccharide and

polysaccharide fractions (Fig. 5), higher values of
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Figure 4 - HPAEC/PAD profiles of fructo-polysaccharides fromizophores of plants of.
herbaceaat time zero (a) and after 30 (b) and 60 (c) deigtsout irrigation.

Table 2 - Average leaf number and area and fresh mass @l aegans of plants o¥ernonia herbaceainder
different watering treatments

Watering Sampling Leaf Leaf Fresh
Frequency (days) Time (days) Number Area (cn) Mass (g)
0 0 13.0 9.2 6.2
7 30 13.7 7.7 2.9
7 60 18.2 6.5 4.6
15 30 10.5 5.0 35
15 60 12.0 4.4 2.2
30 30 3.3 25 0.7
30 60 0.0 0.0 0.9
60 60 0.0 0.0 0.9
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Figure 5 - Contents of fructo-oligosaccharides (a) and frymitysaccharides (b) in fragments of
rhizophores ofV. herbaceakept dry (1) and wateredM). Droughted apices were
rewatered after the fifth day of analysis.

HPAEC/PAD analyses of the oligosaccharides Similar results were observed on TLC analyses
(Fig. 6) showed an increase in the proportions of  of oligosaccharides from treated and control
monosaccharides and DP 4-10 fructans in tissues (data not shown).

treated tissues when compared to control on the Relative water content was reduced in treated

first day of the experiment.

tissues 24 hours after excision and kept low

A similar profile of fructo-oligosaccharides was throughout the period of water suppression.
observed in control tissues five days after Upon rewatering, the water content was re-
excision. Upon rewatering, the oligosaccharide established in these tissues. In  control
profile in treated tissues was re-established fragments, the water content remained
showing proportions similar to those observed at unchanged throughout the experiment (Fig. 7).
the beginning of the experiment (Fig. 6).
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Figure 6 - HPAEC/PAD profiles of fructo-oligosaccharides mesin fragments of rhizophores \éf
herbacea.Time zero (a), watered rhizophores on days 1, 7afb, ¢, d, respectively)
and droughted rhizophores on days 1, 5 (e, f, atisedy) and after rewatering (g). G —
glucose, F — fructose, S — sucrose, 1-K — 1-kestdsenystose. Numerals 5-20 identify
the saccharides of DP 5-20.

DISCUSSION and osmotic regulators in plants subjected to water

deficiency (Hendry 1993; Van den Ende, et
Many plants, mainly those of the Asteraceae andl.1998). InVernonia herbaceawhich is naturally
Poaceae families which can tolerate periods ofxposed to mild winter temperatures and water
drought or low temperatures during their life cycle deficit in the soil, it has been shown that low
accumulate fructans (Eagles, 1967), suggestinigmperatures (minimum 5C) do not seem to
that these substances could act as cryoprotectainterfere specifically with the seasonal pattern of
(Pontis and Del Campillo, 1985; Hendry, 1987)fructan metabolism (Dias-Tagliacozzo et al.,
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1999). In the present work, it has been shown thaiolysaccharides could also be suggested from data
water deficit in the soil is associated with changesf the experiment with excised rhizophores. As
in the physiology of the plant and in fructanshown in Fig. 5, fragments subjected to drought
metabolism. Such changes included reduction giresented always  higher  amounts  of
leaf area and leaf number (Table 2) andligosaccharide and lower amounts  of
increase in fructose and sucrose and in the ratjwolysaccharides when compared to control,
oligo- to polysaccharide in the undergroundwatered fragments. The analyses of the fructo-
storage organ (Figs. 2 and 3). Similar results onligosaccharides by HPAEC/PAD provided
leaf growth were reported by Thomas (1991) foevidence that drought promoted the activities of
Lolium perennaunder drought treatments. TheseFFT and FEH, as observed by the quick increase
observations were accompanied by an increase in monosaccharides and DP 4-10 fructans. Similar
soluble carbohydrate, mainly DP > 5 fructans. changes were observed in control fragments with a
The enhancement in sugar concentration, mostlpur-day delay (Fig. 6). The increase in mono- and
represented by fructans (Carvalho and Dietrichgligosaccharides in rhizophores ® herbacea
1993), in rhizophores ofV. herbaceaunder under drought could be compared to the increase
drought treatments could be partly due to thén mono- and disaccharides reported for feeder
translocation of photosynthates from the slowoots of chicory during PEG-induced osmotic
growing and senescing aerial parts providing atress (Van den Ende et al., 1998).

mechanism of osmoregulation and consequenthffhe dry season in the cerrado lasts for three
the maintenance of cell turgor under low water soimonths in average, coinciding with winter (De
condition. The observed increases in fructos&uono et al., 1986). During this period, total
concentration and in the ratio of oligo- tofructans increase in the rhizophored/oherbacea
polysaccharides were indicative of partialgrowing in the cerrado, reflecting a strong sink
hydrolysis of fructans in response to the inducedactivity of these organs (Carvalho and Dietrich,
water deficit and also to the involvement of fructanl993).

exohydrolase (FEH) and fructan:fructan fructosyl

transferase (FFT), contributing to drought

resistance in these plants.

The effect of water restriction on these enzymes,

leading to changes in the proportions of oligo- and
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Figure 7 - Water content in fragments of rhizophore§/oherbacedept dry (1) and watered l).
Arrow indicates rewatering of droughted fragments.

These authors reported that the TLC profile oproportion of intermediate size oligosaccharides
fructo-oligosaccharides showed an increase in thgithout a corresponding increase in fructose
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suggesting the involvement of fructosyl envolvido na tolerancia a dessecacgad/denonia
transferases more than hydrolases during winter. herbacea

In the present investigation, the increase in

fructose concentrations and in the ratio of oligo- to

polysaccharides suggested that under extrenREFERENCES
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