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Abstract

Effect of fluoride (10 and 50 mM) on the activities of sucrose metabolizing enzymes,
alkaline inorganic pyrophosphatase, and transaminases in relation to the
accomulation of free sugars, starch, and soluble protein was studied in detached ears
of wheat cultured in a liquid medium. Culturing for 5 d in the presence of fluoride
reduced the amount of grain starch whereas contents of total free sugars, particularly
sucrose, and soluble protein increased. Fluoride inhibited the activities of soluble
acid and neutral invertases, as well as sucrose synthase acting in the cleavage
direction. Uptake of uniformly labelled C-sucrose or fructose was also drastically
reduced by fluoride. Glutamate-oxaloacetate transaminase (GOT) and glutamate-
pyruvate transaminase (GPT) activities also increased with fluoride addition in
correspondence with an increase in soluble protein. Apparently, the wheat grain
responds to fluoride-mediated disruption of carbon metabolism by a compensatory
effect on nitrogen metabolism.
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High fluoride concentrations in certain soils (Weinstein 1977) are proved to be toxic
for plants (Leone ef al. 1948) and thereby for animals and human beings (Chinoy
1991). Fluoride concentration above 2.5 mM decreased dry matter production and
grain yield in wheat (Singh ef af. 1979). However, the physiological and biochemical
basis of fluoride toxicity remains poorly understood.
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Fluoride inhibits starch biosynthesis in potato tubers (Viola and Davies 1991) and
sorghum grains (Asthir and Singh 1995), possibly via elevated levels of P, in the
amyloplasts. Whether the uptake of sugars is also reduced by fluoride ions has not
been investigated. On the other hand, both the inhibitory (Quick ef al. 1989) and
promotory (Viola and Davies 1991} effects of fluoride on sucrose biosynthesis have
been reported. Information regarding fluoride effects on other metabolic pathways is
scarcely available, especially in relation to C/N balance. The biochemical
consequences of a fluoride-mediated disruption in carbon metabolism especially in
terms of an altered flow towards nitrogen metabolism are worthy of investigation.

The objectives of the present study are, therefore, to investigate the fluoride-
induced quantitative changes in free sugars, starch and soluble protein in conjunction
with the activities of sucrose metabolizing enzymes and the transaminases using
detached ears of wheat cultured in a liquid medium.

Ears from field-grown wheat (Triticum aestivum 1., cv. WL, 1562) were callected
at mid-milky stage, ie. 12 d post anthesis (DPA), cut under water and cultivated
according to the method of Donovan and Lee (1977) as modified by Singh and Jenner
(1983), keeping six replications for each treatment, The concentrations of sucrose and
L-glutamine in the culture medium were 117 mM and 17 mM, respectively. The
effect of sodium fluoride (NaF) on grain metabolism was studied at 10 and 50 mM
concentration. Culture solution devoid of fluoride was taken as control.

The pH of the culture medium was adjusted to 5.0 followed by filtration through a
Millipore membrane (0.22 um). Before culturing the ear-heads, the flag leaf and its
sheath were removed and the stems were surface-sterilized with 40 % ethanol
tollowed by quick washing with distilled water. Bar-heads camrying 20 cm peduncle
length from the cut end were placed in culture tubes (one ear-head/tube) containing
35 em® cold sterilized liquid medium under aseptic conditions. The cultured ear-
heads were then kept in an water bath maintained at temperature of 4 °C (Asthir and
Singh 1995). In the growth chamber, an irradiance of 4000 umol(photon) m™
{measured with a quantum meter Licor 1888, Lincoln, USA) was provided with cool
white fluorescent tubes (7L 40 W/54 Philips, Calcutta, India) and incandescent lamps
(60 W, Sylvania, New Delhi, India} for a 14-h photoperiod.

After 5-d cultivation, grains were separated from the bracts-pedicel and plunged
immediately into hot 80 % EtOH and stored below 0 °C till used for biochemical
analysis.

Free sugars were extracted and estimated according to Singh and Asthir (1988),
and the reducing sugars and sucrose by the method of Nelson (1944) and Roe (1934),
respectively. From the sugar-free grain samples, starch was determined according to
Asthir and Singh (1995). Soluble proteins extracted in 0.1 M NaOH and precipitated
with TCA were estimated by the method of Lowry er al. (1951).

For determination of '*C-sugars incorporation ears of wheat at 12 DPA were cut
under water, keeping a stalk length of 2.5 ¢m in each spikelet. The spikelets were
then aseptically incubated in triplicate with 14.6 mM '*C-sucrose or 27.7 mM

MC-fructose solution (radioactivity 222 kBq), containing 10 or 50 mM NaF (two
spikelets per 3 cm®) at 28 °C for 6 h. Sugar solution without NaF was kept as the
control. After incubation, grains were separated and plunged immediately into hot
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80 % EtOH and free sugars and starch were quantitatively extracted from the
radiolabelled samples as described by Singh and Asthir (1988) and their *C activity
was measured in a Packard liquid scintillation spectrometer using Bray's scintillant
{Bray 1960).

For extracting soluble invertases (B-D-fructofuranoside fructohydrolase, EC
3.2.1.26) and sucrose synthase (UDP-glucose : D-fructose 2 glucosyl-transferase, EC
2.4.1.13), and alkaline inorganic pyrophosphatase (pyrophosphate phosphohydrolase,
EC 3.6.1.1) the harvested wheat grains were homogenized at 0 - 4°C in 50 mM
Hepes-NaOH buffer (pH 7.5) containing 5 mM MgCl,, | mM disedium EDTA,
25 mM DTT, 0.5 mg cm” BSA and 0.05 % (v/v) Triton X-100. Homogenates were
centrifuged at 10 000 g for 15 min and the extraction procedure was repeated with the
pellet obtained. The pooled supernatants were passed through Sephadex G-25 column
equilibrated with the above buffer without EDTA and Triton X-100. For the
extraction of glutamate-oxaloacetate/glutamate-pyruvate transaminase {(GOT/GPT,
EC 2.6.1.1/2.6.1.2, L-aspartate/L-alanine : 2-oxoglutarate aminotransferase), 50 mM
Tris-HC] buffer (pH 7.5) containing 100 mM f-mercaptoethanol, 2 mM MgCl,,
2mM EDTA and 10 mM cysteine was used.

Alkaline inorganic pyrophosphatase was assayed by the method of Heppel (1955).
The P; released was measured by the method of Taussky and Shorr (1953). The
activity of sucrose synthase was assayed according to Morrell and Copeland (1985).
Activities of soluble acid invertase (pH 4.8) and neutral invertase (pH 7.5) were
assayed as described previously (Asthir and Singh 1995). The activities of GOT and
GPT were determined according to Tonhazy er af. (1960a,b). In all enzyme assays,
the conditions for linear rates with respect to substrate concentration, time, optimum
temperature and pH were determined in preliminary assays.

Wheat grains harvested from ears cultured for 5 d in liquid medium with NaF
showed a progressive increase in the contents of total free sugars, sucrose, and
soluble proteins, concomitant with an increase in fluoride concentration from 10 to
50 mM. The converse was true in case of starch and reducing sugars (Table 1).

Table 1. Effect of NaF on the contents [mg g'(d.m.)] of free sugars, starch and soluble proteins in
the wheat grain. The detached ears at mid-milky stage (12 DPA) were cultured for 5 d in complete
liquid medium in the presence or absence of NaF. Means + SE, n = 3.

Nal Total free Reducing Sucrose Starch Soluble
[mM) sugars sugars proteins

] 246zx3.1 6.4+1.0 15.1+£14 2324 +63 83109
10 32.0+£34 3.8+09 23.0+£2.0 201.1£35.4 183+23
50 384124 1.6+£0.2 292+24 1748+6.0 21,1 1.8

During the short-term (6 h) incubation of detached ears with *C-sucrose or
"C-fructose, the inhibitory effect of fluoride on grain starch biosynthesis was much
more apparent (Table 2). Fluoride also inhibited "*C incorporation into total free
sugars (Table 2). Therefore, the decreased incorporation of *C into starch could
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partly be a consequence of an inhibition of '*C-sucrose or “C-fructose uptake rather
than a consequence of a specific inhibition of starch synthesis alone. A higher
build-up of free sugars during 5-d cultivation is suggestive of a sequential response to
fluoride. The response in first hours involving a drastic reduction in starch

Table 2. Effect of NaF on '"C-incorporation [Bq g”(d.m.)] from uniformly labelled "*C-sucrose or
"C-fructose into free sugars and starch in the wheat grain. The detached ears at mid-milky stage
{12 DPA) were incubated in radiolabelled sugars for 6 h. Means + 8E, n =5,

NaF "C-sucrose "*C-fructose
[mM] free sugars starch free sugars starch

] 51146+ 1123 9534+ 186 326831953 1027.8 £47.3
10 3127+ 114 60.9+% 6.3 7514+ 187 838+ 9.2
50 2793+ 73 580+ 44 396.6 +10.1 7.1+ 8.1

biosynthesis is followed by a accumulation of soluble sugars and proteins, as a
consequence of starch inhibition. Inhibition of alkaline inorganic pyrophosphatase (a
marker enzyme of amyloplasts) by fluoride (Table 3) possibly results in an
accumulation of P; (Asthir and Singh 1995), causing a decrease in the rate of
conversion of glucose-1-P to ADP-glucose and hence starch biosynthesis (Viola and
Davies 1991).

Table 3. Effect of NaF on the activities of acid and neutral invertase [pg(sucrose hydrolyzed)
a(fm.) s'], sucrose synthase [pg(sucrese cleaved) g'(fm) s'], alkaline inorganic pyro-
phosphatase [pg(Pi formed) g'(fm.) '], glutamate oxaloacetate transaminase [pg(OAA formed)
g(fm.) 5], and glutamate pyruvate transaminase[pg(Pyr formed) g'(fm.} 5] in the wheat grain.
The detached ears at mid-milky stage (12 DPA) were cultured for 5 d in complete liquid medium in
the presence or absence of NaF. Means + SE, n=3.

NaF Acid Neutral Sucrose Phosphatase GOT GPT
[mM] invertase invertase synthase

0 246£0.12 0.34+0.02 111005 684£024 1.78+0.12 4.84=x0.17
10 0.72+£0.05 0.10+£0.01 0874003 561+020 221£0.11 7522025
50 0.82+0.05 0.07+000 0782005 499+0.16 230+007 0694x023

Seemingly, the pathways of sucrose and starch biosynthesis are interrelated in
wheat grains. It is worth noting that the activities of grain soluble acid invertase and
neutral invertase decline markedly with fluoride additions (Table 3) along with a
decrease in the amount of reducing sugars (Table 1). The cleavage activity of sucrose
synthase atso declined (Table 3). Fluoride-induced decreases in both degradation of
sucrose and transformation to starch might result in its increased levels in wheat
grains (Table 1). A similar increase in sucrose content of potato tubers was observed
by Viola and Davies (1981) when the tuber discs (preincubated in 10 mM NaF) were
incubated for 2 h in radiolabelled sucrose or glucose or glycerol.
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Variable effects of fluoride on biosynthesis of sucrose have been reported, e.g.,
sucrose biosynthesis is inhibited in spinach leaves (Quick er al. 1989), whereas the
sucrose content of potato tubers increased in proportion to the inhibition of starch
biosynthesis (Viola and Davies 1991). The pathways of sucrose metabolism and
starch biosynthesis in developing potato tubers and in wheat grains are apparently
similar (Viola and Davies 1991, Keeling ef al. 1988). Evidently, sucrose synthase
might be responsible for sucrose biosynthesis in the wheat grain.

As in case of sucrose, cytosolic amino acid synthesis is also affected by fluoride as
reflected in increased activities of transaminases. For example, GOT and GPT
activities were enhanced by fluoride (Table 3), correlating with an increase in scluble
protein content (Table 1). Enzymes of nitrogen metabolism are often up-regulated by
elevated sugar contents in plant tissues (Lam ef a/. 1996). The resulting increase in
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amino acids would in turn affect the protein biosynthesis.

Overall, it appears that fluoride-mediated inhibition of starch biosynthesis in wheat
grain is accompanied by an alteration of carbon and nitrogen metabolism leading to
accumulation of sugars and soluble protein.
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