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INTRODUCTION

Plants sense and respond to changes in carbon and nitro-
gen metabolites during development and growth according to
the internal needs of their metabolism. Sugar-sensing allows
plants to switch off photosynthesis when carbohydrates are
abundant.

Trehalose (0-D-glucopyranosyl-1,1-a-D-glucopyrano-side)
is in bacteria, yeast cells, fungal spores, certain invertebrate
species and resurrection plants and animals that it is non-
reducing disaccharide present'®. It can serve as reserve of
carbohydrate and as a protestant in response to different stress
such as dehydration, salinity, freezing and heat stress. It may
also serve as a source of energy and carbon®'’.
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The best known biosynthesis pathway of trehalose included
two steps: (1) Trehalose-6-phosphate is first formed from uridine
diphosphate-glucose. (2) Glucose-6-phosphate in a reaction
catalyzed by trehalose-phosphate synthase. Trehalose-6-phos-
phate is then converted to trehalose by trehalose-phosphate
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phosphatase (TPP). Each trehalose-phosphate synthase and
trehalose-phosphate phosphatase plays an important role in
the regulation of trehalose production for the organism growth
and development''. Trehalose not only acts as a carbohydrate
reserve but also has higher water retention ability. It can stabilize
dehydrated enzymes, proteins and lipid membranes efficiently,
as well as protect biological structures from damage during
desiccation in bacteria, yeast, fungi and invertebrates'' . In
plants, on the contrary, only other sugars and compatible solutes
were accumulated under a biotic stresses and trehalose has
not been detected in previous studies. Most plants are thought
to lack the capacity to synthesize trehalose "*. Recently,
trehalase genes have been found in soybean (glycine max)
and arabidopsis'>"". Also trehalase activity has been detected
in a wide range of higher plants'®. After inhibition of trehalase,
trehalose synthesis can be detected in arabidopsis'®. There-
fore, the apparent lack of trehalose accumulation in plants was
probably due to the presence of trehalase activity.

Tobacco is an agricultural product processed from the
leaves of plants in the genus Nicotiana. It can be consumed,
used as an organic pesticide and, in the form of nicotine
tartrate, used in some medicines". It is most commonly used
as a recreational drug and is a valuable cash crop for countries
such as Cuba, China and the United States.

Nicotiana tobacum, or cultivated tobacco, is a perennial
herbaceous plant. It is found only in cultivation, where it is
the most commonly grown of all plants in the Nicotiana genus
and its leaves are commercially grown in many countries to
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be processed into tobacco. It grows to heights between 1 to 2
m. Leaves are very varied in size, the lower leaves are the
largest up to 60 cm long, shortly stalked or unstalked, oblonged-
elliptic, shortly acuminate at the apex, recurrent at the base,
the following leaves decrease in size, the upper one sessile
and smallest, oblong- lanceolate or elliptic.

Every part of the plant except the seed contains nicotine,
but the concentration is related to different factors such as
species, type of land, culture and weather conditions. The
concentration of nicotine increases with the age of the plant.
Tobacco leaves contain 2 to 8 % nicotine combined as malate
or citrate. The distribution of the nicotine in the mature plant
is widely variable: 64 % of the total nicotine exists in the leaves,
18 % in the stem, 13 % in the root and 5 % in the flowers.
Tobacco has been used as an antispasmodic, a diuretic, an
emetic, an expectorant, a sedative and a sialagogue and in
homeopathy.

Tobacco has a long history of use by medical herbalists
as a relaxant, though since it is a highly addictive drug it is
seldom employed internally or externally at present. The leaves
act as antispasmodics, dissentients, diuretics, emetics, expec-
torants, irritants, sedatives and sialagogues. They are used
externally in the treatment of theumatic swelling, skin diseases
and scorpion stings. The plant should be used with great
caution, when taken internally it is addictive. The active
ingredients can also be absorbed through the skin. Wet tobacco
leaves can be applied to stings in order to relieve the pain.
They are also a certain cure for painful piles. A homeopathic
remedy is made from the dried leaves. It is used in the treatment
of nausea and travel sickness. Some other activities reported
for Nicotiana tobacum are: analgesic activity, anesthetic
activity, angiogenesis inhibition, antibacterial activity, anti
convulsant activities, anti estrogenic effect, antifungal activity,
antiglaucomic activity, antioxidant activity, antistress effect,
antiviral activity, aromatase inhibition, arrhythmogenic effect,
carcinogenic activity, bronchoconstrictor activity, bupivacaine
kinetics.

Most of the tobacco grown in large western mainly in
three northern provinces (Gilan, Mazandaran, Golestan) of
Iran and an area of over eight thousand acres in the covers.
For farmers, this type of tobacco grown in these areas is very
important and the best type of tobacco product in terms of
amount and quality are considered”. Essential element in plant
growth micro tobacco and tobacco is one plant is like the
accumulation of chlorine in the chlorine quickly and too much
can be done, however large accumulation of this element on
the quality of the leaves of this plant puts undesirable®’.
Toxicity resulting from chlorine concentration, in addition to
reducing the quality of tobacco plants decreased dry weight
leaf, height and yield of tobacco products and also change the
membrane permeability, chlorophyll content of leaves, change
the lipid membrane and flowering time can be changed®.

The role of trehalose in a-crystalline stress tolerance,
chaperone activity and thermal stability is studied. That crysta-
lline is the predominant protein within the eye lens. Since
trehalose protects and stabilizes the cell membrane; it has been
used as a preservative for tissues in organ transplantation®.
Indental research, that exposure of intra-oral and tooth surfaces
to trehalose exhibits a slower pH response than exposure to

sucrose®. So, trehalose undergoes less acid fermentation and
production by streptococci mutants and rat dental caries are
reduced by the presence of dietary trehalose®. But trehalose
is not an antioxidant and has been shown to have a protective
effect on the deleterious effects of low temperature on the
membranes of ram sperm” and dog sperm?’.

Alzheimer's disease (AD) is a progressive dementia and
the number of patients increases exponentially with life
expectancy”. The development of an effective inhibitor of
Alzheimer's disease is urgently required. Alzheimer's disease
is characterized neuropathologically by extracellular deposi-
tion of amyloid senile plaques and neurofibrillary tangles in
vulnerable Alzheimer's disease brain regions. These plaques
are primarily composed of fibrils of the amyloid 3 (AB) peptide,
a small peptide composed of 39-43 amino acids®. The most
abundant forms are 40 and 42 amino acids in length®**'. These
types of peptide are cleaved from a large protein called the
amyloid precursor protein (APP) by a secretase enzyme™.
Production of ABs is a normal occurrence, although its function
remains unclarified. However, in Alzheimer's disease patients
the peptide forms ordered fibrillar aggregates™. Therefore, it
is required to develop medicinal compounds that inhibit A}
aggregation. Preventing AP aggregation can be accomplished
using various compounds such as dopamine* and heparin™®.
All of these agents work through similar mechanisms, reducing
cytotoxicity by inhibiting and delaying aggregation of AB*.
A non-reducing disaccharide with an . (1-1) linkage, trehalose,
is the focus of much attention in view of its inhibitory effect
on protein aggregation®’. It has been reported that trehalose
inhibits Huntington's disease in vivo®® and amyloid formation
of proteins (insulin® and ABs*’) in vitro owing to the hydration
of proteins by the water-like hydrogen bond. Because the
inhibitory effect of trehalose is not sufficient for medicinal
application, an ingenious modification is required to amplify
its activity. The biological abilities of saccharides can be
amplified by multivalency®. Many groups have reported the
multivalent effect and the generation of the multivalent
compounds such as glycopeptides*', glycocalixarenes **,
glycodendrimers* and glycopolymers*. In particular,
glycopolymers carrying a saccharide at the side chain exhibit
a large multivalent effect and applicability as biomaterials.
Also they have studied various glycopolymers with
biorecognition abilities, such as lectin recognition®; hepatocyte
culture; and amyloid inhibitor*.

EXPERIMENTAL

Plant materials and treatments: Tobacco (Nicotiana
tobacum L.C.V El) plants were grown in pots containing
vermiculite at 25 °C with continuous light. One-month seed-
lings were used in the following treatments. Five leaves were
prepared per sample and three biological replicates were
prepared per time point.

Nicotiana tobacum tissue was (10 to 100 mg fresh weight)
disrupted in a mortar and pestle under liquid nitrogen. Ground
tissue was added to pre-weight tube containing 1 mL methanol
and 50 pL ribitol internal standard (1.3 mM), reweighed
vortexed briefly and then extracted at 70 °C for 15 min with
shaking-samples were subsequently centrifuged at 20,000 g
for 3 min. The methanol phase was reserved and the pellet
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re-extracted with 500 uL H,O and 375 pL chloroform for 5 min
at 37 °C (with shaking) and then centrifuged at 20,000 g for
3 min. The polar was recovered and added to the reserved
methanol extract. The remaining organic phase was discarded.
The qualitative test was carried out by GC/MS.

Gas chromatography and mass spectroscopy analysis

Method of analysis: A wet needle of the essential oil
was inserted directly into the inlet (spitless mode) of a Hewlett
Packard 6890 Gas chromatograph. The temperature of the
injection port was set at 220 °C, while the pressure at the inlet
was maintained at 3.96 psi. A HP-5SMS (cross linked 5 %
phenyl methyl siloxane) column (30 m x 0.25 mm x 0.25 um
film thickness) was temperature programmed from 60 to 150
°C at 3 °C/min after a 3.5 min delay. Helium was used as a
carrier gas at 0.7 mL/min. Mass spectra was recorded by a HP
5937 series mass selective detector (MSD)*.

RESULTS AND DISCUSSION

Trehalose is a naturally occurring disaccharide with
known protein and membrane stabilizing capability. Because
of these unique chemical properties, this molecule has been
the focus of study in several neurodegenerative diseases, which
are associated with the misfolding of disease-specific proteins.
These conditions include Alzheimer"s disease an amyloid
proteinopathy, Huntington"s disease (HD), an expanded
polyglutamine proteinopathy and oculopharyngeal muscular
dystrophy (OPMD), an expanded polyalanine proteinopathy.
The aggregation behaviour of AB(1-42) was investigated by
adding trehalose additives. The addition of trehalose attenuated
the aggregation properties of the peptide. When a-crystallin
was incubated in the presence of trehalose, the larger aggre-
gates nearly disappeared since about 95 % of the globular struc-
tures were lower than 3 nm. Trehalose benefit was first shown
in Huntington's model systems™*.

In addition, trehalose ability to stabilize protein structure
has been suggested to strongly affect the tetrahedral hydrogen
bond network of water and strengthen intermolecular O-H
interactions with a kosmotrope character*'. Molecular
dynamic simulation results®® have shown that trehalose can
influence water activity by the formation of long lived hydrogen
bonds with water molecules. These observations could provide
apossible explanation about the trehalose effects on a-crysta-
llin aggregates. The propensity to progressively turn low-
molecular weight a-crystallin into high-molecular weight
aggregates can be increased as a result of environmental factors
that cause destabilization; under such conditions, a-crystallin
can unfold or partially unfold losing its structural properties
and assembly into higher order aggregates.

Trehalose, as showed by differential scanning calorimetry
measurements, stabilizes the folded state of the protein against
thermal denaturation, therefore inhibiting the formation of
high-molecular weight aggregates. Moreover, the kosmotrope
character of trehalose could stabilize not only the protein native
conformation, but also the protein against attractive protein-
protein intermolecular forces making a-crystallin low-mole-
cular weight aggregates less energetically favourable. The
results presented here provide more insights on the ability of
trehalose to inhibit protein aggregation. This disaccharide

stabilizes the a-crystallin structure and reduces either the sizes
of preformed a-crystallin low-molecular weight aggregates,
not affecting its chaperone activity, or the sizes of high-
molecular weight aggregates. Further ongoing experiments are
devoted to the study of the molecular basis of the protective
features of trehalose activity and its role in the a-crystallin
changes. Supplementation with anti-oxidants and trehalose has
been proven to maintain the viability and motility of liquid or
cryopreserved sperm cells of several mammalian species, e.g.
the ram™, goat™, bull® and turkey™.

Also, trehalose has been shown to inhibit Arabidopsis
seedling root elongation and cause starch accumulation in
shoots. Furthermore, trehalose increases AGPase (ADP-Glc
pyrophosphorylase) activity and induces APL3 gene expre-
ssion”’*®, In soybean, trehalose also affects Suc synthase and
invertase activities™. However, trehalose affects plant gene
expression, enzyme activities, photosynthetic activity and
carbon allocation is not clear, but trehalose-6-phosphate does
not appear to have any effect on plant hexose phosphory-
lation®. However, transgenic tobacco plants expressing
Escherichia coli homologs of trehalose-phosphate synthase
and trehalose-6-phosphate phosphatase show a positive corre-
lation between trehalose-6-phosphate levels and photosynthetic
activity, suggesting a regulatory role for trehalose-6-phosphate
in plant carbohydrate metabolism®'.

In this study, Nicotiana tobacum, growthing was analyzed
leaves of Nicotiana tobacum for the presence of trehalose.
Using as anion-exchange gas chromatography-mass spectro-
metry analysis, trehalose was in leaves (Fig. 1).
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The carbohydrate was extracted from tobacco tissue and
derivatized according to the procedures as reported above. The
retention time of the commercial trehalose was same as that
of the sample with retention time of 50.11 min (Fig. 1). Despite
the extreme complexity of the plant chromatogram, this peak
was unambigously identified as trehalose by comparison with
the trehalose mass spectrum.

The distribution and activity of trehalase was measured
in mature Nicotiana tobacum. In these plants, a strong trehalase
activity was found in mature leaves, had significantly up
activities (Fig. 1). Accordingly, its structure/activity benefits
would be expected to persist for relatively extended times. If
planned, studies demonstrate brain or cerebral spinal fluid
absorption, trehalose will open a new avenue of potential
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therapy for the prevention and treatment of multiple neuro-
degenerative diseases. This review summarized evidence for
protective benefit in models of Huntingtin's disease, oculo-
pharyngeal muscular dystrophy, Alzheimer's and o-crystal-
lin. In Iran, 8000 acres of land is covered by tobacco. This
plant is used to make cigarette which isn’t good for human
being and sometimes used in research but, it has a lot of at-
tribute for diseases and we can analyze essential oil from it
and make drug in place of cigarette. Although not studied,
Parkinson's disease and amyotrophic lateral sclerosis display
aggregate pathology that may be amenable to similar response.
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