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ABSTRACT

In the present study, Cucumis sutivus (cucumber) seedlings were treated with GA; and TIBA. The seedlings were
harvested at regular time interval and analyzed for root length, its fresh and dry weights, cell wall loosening
enzymes like a and 3 galactosidases and 3 glucosidasesin cytoplasmic as well as wall-bound fractions of GA; and
TIBA treated seedlings with reference to control (DW). Additionally, cell wall components like low and high
molecular weight xyloglucans and esterified and non-esterified pectic substances were also estimated at various
developmental stages. For extraction of non-esterified pectic polysaccharide fraction, EDTA (ethylene diamine tetra
acetic acid) was used as chelating agent. Depectinated residues were used for extraction of low and high molecular
weight xyloglucans by alkali treatment. It was observed that TIBA has strongly inhibited growth of roots, synthesis
of cell wall components and enzymes activities. In contrast, GAz has increased the content of cell wall components
and enzymes activities, however, no influence on length was recorded. Role(s) of these enzymes and cell wall
polysaccharidesin treated and untreated rootsis discussed.

Key words: Cell wall loosening enzyme€ucumis sutivus, GA; TIBA, pectic polysaccharide, xyloglucans.
Abbreviations: EDTA =ethylene diamine tetra acetic acid; GA; = gibberellic acid; TIBA= 2,3,5-Triiodobenzoic acid

INTRODUCTION

Cell elongation is primarily controlled by two pexses, osmotic water absorption followed by arvémsble

stretching of the cell wall. The expanding cell Wahintains its thickness as it expands, even thaugay increase
in length or in surface area by more than 100 fdlefre reaching its mature size (Ryser 1985). Gasuin the
chemical structure of cell wall polysaccharidesimnigigrowth have been studied in many plant spgdiei&z 1984;

Sakurai 1991). Biochemical modifications of cellllwasuch as an adjustment of molecular mass andtities of
cell wall polysaccharides are likely to be involviedthe regulation of the capacity of cell expansi€ell wall

contains numerous enzymes capable of hydrolyziegnthjor components of the wall matrix, and somé¢hete
enzymes might function to loosen the wall by bregkioad-bearing links between cellulose microfiyrihereby
allowing the wall to extend (Nishitani 1997, Thak&98).

Hormone induced changes in wall loosening and endbntent of pectic as well as xyloglucan fractigmsvell
studied. For example, auxin induces elongation tioef stem segments by causing loosening in thevijro
limiting outer cell walls of the epidermis (Kutscheet al. 1987, Masuda 1990). Breakdown of xyloghscin the
outer epidermal cell walls appears to be the etleat mediates auxin induced elongation in dicotyted At
maximum elongation, non-esterified pectin is sexdhto the medium (Mc Cann et al. 1994) and tlweegfan
entire pectic network is being replaced.

243
Pelagia Research Library



Barai Nilaxi J. et al Euro. J. Exp. Bio., 2014, 4(2):243-249

Stem elongation is extensively studied with or withhormonal influence; however, reports on roonhghtion are
rather scanty. In the present study, cucum@ecymis sativum L. cv. Summer best) roots were studied to evaluate
the influence of gibberellic acid (GAand 2, 3, 5-Triiodobenzoic acid (TIBA) on varidiastors that regulates cell
elongation. Wall-loosening enzymes likeand- galactosidases afid glucosidases in cytoplasmic and wall-bound
fractions of GA and TIBA treated roots and changes in pectic amgsts and xyloglucan contents were studied in
relation to growth parameters.

MATERIALS AND METHODS

Preparation of plant material

Certified seeds ofucumis sativus (cv. Summer best) were purchased from local sestteh Seeds of uniform size
were sorted out and soaked in distilled water for Bhe seeds were washed thoroughly and kept ik fibar
germination. Germinated seeds of uniform size veefected, surface sterilized and transferred tantedium. In
our preliminary experiment seeds were transferceddar gel varying in concentrations. From the ltesu was
clear that maximum plant growth was observed with % agar. From the different concentrations of;@Ad
TIBA used for the experiment, maximum differencegiowth was observed in 275uM and 200uM, respdgtive
The agar medium was sterilized poured in to cultlisbes. The radical of germinated seeds weretatsen to agar
gel to facilitate the seedling growth. The cultdighes were kept under constant light (1000 Lu&8atC +2 °C).

Growth Analysis

Growth analysis was performed in the terms of lenfesh and dry weights of roots from differergatments.
Samples were harvested after regular time intgivaal 12h during initial growth period and 24h mtdr phases);
roots were separated and analyzed for length, iedhdry weights.

Length of roots was measured to the nearest mm ththhelp of a scale. Nearly 20-25 replicates waken for
each data point. For the measurement of fresh anaveights, freshly harvested roots were weigheirieeand
after oven drying (at 80 °C) to a constant weigitiater content of each age group was calculatetieaditference
between fresh and dry weights and average wittdatandeviation was calculated.

Preparation of plant material

Seedlings (samples) from all the treatments wereeséed at regular time interval. The samples weashed
thoroughly with distilled water and kept on wetdil paper. The roots were separated and crushédp{inate) with
pre-chilled mortar and pestle using liquid nitrogemd stored at -20 °C until use.

Preparation of enzyme extract

Frozen samples (500mg) were homogenized in préedhiNa-acetate buffer (50mM, pH 4.5) and centritige
10,000g for 10 min. The supernatants were sepawatedpellets were washed twice with the same huffbe
pooled supernatants were used as source of cytoiglanzyme.

The residual pellets were washed with distilledewdill removal of all the cytoplasmic enzymes au$pended in
10 ml 1M NacCl for 16h at room temperature. Theyeveentrifuged at 10,000g for 10 min to separategiants.
Pellets were washed twice with 1M NaCl and poolgeksnatants used as a source of ionically wall danzyme.

Estimation of enzymes activities:

Activities of glycosidases were estimated accordiogPatel and Thaker (2004). Absorbance of yeltmior
developed was measured at 405 nm and was exprassegl PNP release/organ/min. Sample crushed licates
and mean from six values with £ SD was calculated.

Extraction of wall component

Freshly separated roots of each developmental stagepowdered with liquid nitrogen in a pre-cldllmortar. The
samples were stored at -20 °C prior to use. Froch ea@velopmental stage 500 mg of material was geazkas
described earlier (Patel and Thaker 2004a).

Estimation of pectic polysaccharide

For estimation of pectic polysaccharide contentraex was mixed with equal volume of 5% phenol &8d%
sulfuric acid (1:2.5, v/v). The tubes were shakesraughly and incubated for 10 min at room tempgeaand for
20 min in water bath at 30 °C. Absorbance of brawtor developed was measured at 490 nm (Duboik £956).
Each sample was prepared in triplicate and averalges witht SD were expressed Agsgg/organ.
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Estimation of xyloglucan

The reaction mixture consisted of 1 ml of extra@50 pl bKI and 2 ml 15 % Nz50, Tubes were shaken
thoroughly and kept for 60 min at 4°C for color dpment. The optical density of the resultant Sotuwas
measured at 640 nm (Nishitani and Masuda 1981)ed heplicates for each sample were prepared anege/e
values with £SD are expressedAag,/organ.

Controls were prepared by adding the solution deedxtraction instead of extract.
RESULTS

Growth

Changes in length of the roots in control, GA anBA treated seedlings are presented in Fig. 1&Antreatment,
gradual increase in root length was observed wghtut 96h and in subsequent period length stabilidgile slight
increase was observed in control. No significaffedénce in root length was observed between DWitfot) and
GA treated seedlings. In comparison to GA and abnirIBA showed marked inhibition in root lengthigF1a).
Maximum root length (115 mm) was observed in cdrfotbowed by GA (106 mm) and TIBA (47 mm). ANOVA
performed amongst root length of control, GA anBA treatments showed significant differencecQrol).

Changes in Dry weight of roots are recorded in féiglib. After a gradual increase up to 96h, dry enatt
accumulation nearly stabilized in control and TIB#hile GA shows continuous promotion. TIBA treatrhéas
inhibited dry weight (63 %) and GA showed slighbmmotion at later part of seedling growth (Fig. 1b).

Water content was more in GA (180 mg/root) followled control (137 mg/root) and minimum values were
recorded in TIBA (31 mg/root, Fig. 1c) treatmentaldes of water content of GAreated roots were higher
throughout the developmental stages (up to 120thstabilized in later stage of development. In oanincrease in
water content was recorded up to 96h, where as TtBAtment showed slight increase up to 60h aftachwit
stabilized (Fig. 1c). Difference in water conteffittiree treatments in root was highly significaR& (0.001). In
general, length of roots showed close correlatigh water content (Fig. 1a, c).

Cell wall loosening enzymes

In the present study, changes in glycosidase &ctini cytoplasmic and ionically wall bound fractomf roots
treated with GA and TIBA was studied. Changes in cytoplasmgalactosidase activity are presented in Figure 2a.
GA; treatment proved to be promotory; the activity@ased gradually after 12h and attained a peakd8sh. In
control and TIBA the levels remained low and almegual. In wall bound fraction, a clear promotionGAg
treatment was observed, where as TIBA showed gid#ition (Fig. 2d).

Similarly, changes iff-galactosidase activity in cytoplasmic fractionsrodt are presented in Figure 2b. Initially,
up to 48h activity remained higher in control aretiased in subsequent period, while in; @étivity was low up
to 48h and increased during later period. In TIBéatment, the activity remained low during the renpieriod of
study (Fig. 2b).

Changes in R-galactosidase activity in wall-bouradtion are presented in Figure 2e. In control GAd treatment
showed almost similar trend in the activity. Theiaty increased gradually after 12h and attainegeak at 72h,
after which activity declined. In TIBA treatment,cdear inhibition in the activity was observed thgbout the
growth period.

Changes i8-glucosidase activity in cytoplasmic fractions presented in Figure 2c. In root, control showedéig
activity throughout the developmental period. hil§i, up to 36h, in GA treated root, the activigmained very low
and increased gradually during subsequent perind&BA treatment, activity was inhibited remarkgatthroughout
the period of study. Changes in wall-bouidlucosidase activity are presented in Figure r2fdot, initially, up to

48 h GA treatment showed more activity as compared toraband TIBA. During subsequent period in control,
activity increased with a peak at 72h and declitedeafter. In GAtreatment, levels remained almost stable and in
TIBA marked inhibition was observed (Fig. 2f).

Cell wall components

Changes in esterified and non-esterified pectiygaicharides are presented in Figure 3 (a anchipA treated
root, gradual increased in non-esterified pectilygarcharide was observed with progress in rootvtiravhile in
control, it remained low initially and increasedaghly after 48h. In TIBA treated roots, very lowéds were
observed throughout the growth period (Fig. 3a).GA treated roots, a gradual increase in esterifiedtic
polysaccharides was observed during the entiremgef root growth (Fig. 3b). In control, initiallyp to 48h the
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levels were low increased sharply during subseqgperibd, while in TIBA, very low levels of estesfi pectic
substances were observed through out the develdpreeaand (Fig. 3b).

Fig. 1: Changes in the Length (a), dry weight (b) =d water content (c) of root of cucumber seedlingagainst time in hours
Vertical bars denote standard deviation or are within the symbol.
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Changes in the xyloglucan fractions extracted wahous concentration of KOH are presented in FgRi(c and
d). Initially the low molecular weight xyloglucaroitent remained low in control and TIBA as compat@dA,
and increases in control and GA during later stagesvever, in TIBA treated roots, it remained vésw through
out the period studied (Fig. 3c). High moleculaiighé xyloglucan content showed gradual increas&Antreated
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roots, whereas in control, levels remained lowiaHit up to 48h and increased sharply thereafte/TIBA treated
root, very low levels were recorded during the renpieriod of growth (Fig. 3d).

Fig. 2: Changes in thea galactosidase (a, d galactosidase (b, ) anfl glucosidase (c, f) activities cytoplasmic (a,b,@)all bound (d,e,f)
in root of cucumber seedlings against time in howsr
Vertical bars denote standard deviation.
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Fig. 3: Changes in the content of non esterifide Yand esterified (b) pectic polysaccharide and lo\c) and high (d) molecular weight
xyloglucan contents of cucumber roots against timig hours
Vertical bars denote standard deviation.

a Cc
0.24 1
2.4 1
018 |
1.6 1
0.12 {0y
\
r B \
§ \
\ |
\ ]
. N 0.06 4|
'\l \
N \
- N ,
; \
AR LT s g
9 . A N o [ 9
o 1 2 3 4 5 6 7 8 9 0 24 48 12 12| ©
_— —_—
[=1 [=1
& b d 2
< <
L <

FEEAEGTTFTFTFTFTTSE

o TFFFFFL

0.9 4
0.6 1
0.3 4 . ‘
8

Time (h)
DISCUSSION

9 0 24 R4 12 120

Cell enlargement is the first physiological proctsde affected when the soil water supply beginba depleted
(Nonami and Boyer 1990). In the present study, feogth of control and GAtreated seedlings showed positive
correlation with water content (Fig. 1a, c). It wasserved that when plants are subjected toYew the growth of
leaves and stems is rapidly inhibited (Nonami ara/eB 1990, Chazen and Neumann 1994). Continued root
elongation facilitates water uptake from the sBpdllen et al. 1993, Sharp et al. 1997).
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In present study, GA treatment has increased psahstances in root where as, a clear inhibitios @@served by
TIBA treatment (Fig. 3).The involvement of pectietwork in controlling the metabolism of xyloglucaasd on
elongation growth is discussed (Carpita and GikE283). The most notable effect of GA on the celllwa
composition of the fruit at harvest was the highubese content, which was on average 37% more thathe
control fruit (Ben Arie et al. 1996). The pectinddmemicellulose component of the cell wall weredigjher in the
GA-treated fruit than the control (11-17%). Xylaghn molecules that are found to be closely aswatiwith
cellulose moicrofibril as basic wall structure (Algheim 1976) and might play a major role in cefiansion (Taiz
1984, Carpita and Gibeuat 1993).

In general, GA treated roots had higher amounbwf&nd high molecular weight xyloglucan contentaspared
to control during elongation period. TIBA treatamts showed marked inhibition in low and high malac weight
xyloglucans (Fig. 3). Most xyloglucans are subjdcte turnover during growth (Terry et al. 1981).€8h
xyloglucan molecules are tightly bound to the dee of the cell wall (Kato et al. 1981). Furth#ére results
suggest that TIBA has greatly reduced the enzyrieities and in contrast, GAreatment has increased (Fig. 2).

Thus in general, root treated with TIBA has showeatked inhibition in length, cell wall componentidaenzyme
activities while GA has promoted both enzyme activities and cell walysaccharides but has no influence on the
length of the root. The structure of the cell wdilifers greatly amongst a variety of plant tiss@esl species
(Masuda 1980). Hence it is possible that the ratétihg step may also differ in accordance withloehll
chemistry, and failure of an enzyme to show coti@tawith the rate of elongation in one plant systmay not
necessarily mean that it cannot act as a ratedtigngtep in another. A second probability is thvea)l hydrolytic
enzymes might stimulate wall extension indirectfyrbducing the size and viscosity of matrix polyméfigs.2, 3)
such enzymes could act synergistically to enhaheeattion of primary wall-loosening agents, suctexgsansin.
Third alternative is that such hydrolytic enzymessdn functions unrelated to wall loosening, e.gdéfense, in
signaling (Albersheim 1974) or in polysaccharideqgassing of breakdown to serve cells other metaloolenergy
needs (Thaker 1998). This also suggests that isedeanzymes synthesis might have stimulated teagelof cell
wall polysaccharides; the factor(s) responsibletfa elongation may be the different at leasCircumber root
studied.
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