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There are some bacteria and fungi which are capable to produce gibberellins or gibberellin-like
substance. Moreover, the supportive role of these fungi and bacteria has been also demonstrated. The
Stevia (Stevia rebaudiana L.) metabolites especially steviol glycosides are produced from a shared
biosynthetic pathway with gibberellins. The steviol glycosides are natural sweeteners, which are highly
sweeter than sucrose while do not absorb by the human body. So, these natural compounds can be used as
a sucrose alternative in the human diet and also can use safely for diabetic patients. In this research, the
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Stevia will inoculate with many of the fungi and bacteria producing gibberellins and gibberellin-like
substance. Thereafter, the Stevia secondary metabolites (mainly steviol glycosides) will be analyzed in
order to find on the microbial main effects on the steviol glycosides biosynthesis in the leaves. The main
objective of this research is the metabolites biosynthesis induction by fungi and bacteria in the Stevia,

propelling the increase the natural sweeteners in the Stevia leaves.
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The use of the endophyte bacteria and fungi producing gibberellin-like substance for
increase of stevia (Stevia rebaudiana L.) metabolites
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Relevance and impact
Scientific relevance

It is expected that endophyte microorganisms using in this research will increase the Stevia
metabolites and consequently helps the produce of the natural sweeteners. We are looking for find the

suitable microorganism for this purpose .

After the doing, the results will be publish as an article in a validate journal.
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Broader impact

Since the diabetic patients are increasing in the world, find an alternative source of sweeteners can
remarkably prevent the diabetes relevance among the people. In our idea, the steviol glycosides from
Stevia have the potential to be a suitable alternative for sucrose in the human diets, especially in diabetic
patients. Therefore, trying to increase the steviol glycosides in the stevia would be useful, especially
through agronomic practices. The use of the endophyte microorganisms in plant has been frequently done
and many useful effects have been noted. It is expected that the endophyte microorganisms be useful
regarding to produce the secondary metabolite in Stevia. If microorganism induced stevia to produce the

most natural sweeteners, these results will reduce the risk of the diabetic in the world, in an equal ratio.
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The research will be conducted in the Shahrekord Universit, Chaharmahal Bakhtiari Province,

Iran, and also in the University of Pisa, Pisa, Italy, during Y+ V. The greenhouse trial will be done in

Shahrekord University in Iran and thereafter the metabolites analysis will be done at the University of
Pisa in Italy. The Stevia seedling will grow in the pot under greenhouse condition. Thereafter, the
following endophyte bacteria and fungi will provide and will inoculate to Stevia. Some of the bacteria
need a wound to entire the plant tissue, which will prepare for them. The fungi will spray on the leaves,

root and soil surfaces.
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The bacteria using in this research will be included:

Bacillus licheniformis
Rhizobium meliloti.
Acinetobacter calcoaceticus
Bacillus pumilus
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The fungi using in this research will be included:
Cladosporium sphaerospermum
Fusarium oxysporum
Fusarium fujikuroi
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Paecilomyces formosus

Chaetomium globosum

Penicillium funiculosum

Penicillium citrinum
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After inoculation of Stevia with bacteria and fungi, the plant will grow until finishing the

vegetative phase and will harvest before flowering stage. The plant leaves will dry and powdered for
further analysis. The SVglys content and compositions (stevioside, reb A, reb C, Dulcoside A) will assay

according to our previous method (Karimi et al. Y+ @) in the faculty of agriculture at the University of

Pisa, Italy. The SVglys yield (SVglys production in plant leaves) will be calculated. Therafter, the steviol
will be purified and its quantity will be determined using GC/MS.
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The following traits will be also assessed:

Plant growth characteristics, including: plant height (cm), fresh weight of stem and leaf (g/plant),
dry weight of stem and leaf (g/plant), leaf area index (%), lateral shoots, leaf area (cmv), flower induction

period (day after planting).

The mivrorganism population in the stevia tissue will be counted and then the microorganism growth

inside the stevia tissue will be calculated.

Fresh shoot dry weight the endophyte benefit (%) and Endophytes dependency will calculated as
below (Wagas etal. Y+ Y):

Control — incubated
Endophyte Benefit (%) = X 100
control

Endophyte — Plant at stress
Endophyte Dependancy (ED) = X 100
Non — Endophyte plant at the stress
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The increasing rate of diabetes has caused some concern among the world's societies because the
diabetes is considered to be the seventh cause of death in the world. According to this, it seems that
achieving a safe and desirable diet can help prevent diabetes from escalating in the world. The use of the
natural sweeteners is one of the ways for control of diabetes and regarding to this, Stevia (Stevia
rebaudiana Bertoni) is candidate plant. Stevia produces some sweet compounds named steviol glycosides

which are ¥.. times sweeter that sucrose, while did not absorb by the human body. So, these compounds

do not change the blood glucose concentration. In agricultural aspect, any cropping and physiological
manipulation enabling to produce more steviol glycosides in stevia can help food safety in the world. It
seems that the use of the microorganism producing gibberrelin could be a reasonable method because the
gibberrellins are produced from a shared biosynthesis pathway with steviol glycosides. In this research,

the endophyte microbes will be used to induce the stevia for more steviol glycosides in their leaves.
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Stevia (Stevia rebaudiana Bertoni) is a perennial plant belongs to Astraceae family. Stevia is

found as growing wild in the Paraguay (Katayama et al. Y4V, Sumida ) 37A). Stevia produces some

high sweet compounds well-known as steviol glycosides (SVglys) in its leaves. Several types of SVglys
are produced in Stevia leaves which are included: Steviolmonoside, Steviolbioside, Stevioside,

Rebaudioside A, C, F and Dulcoside A. Among SVglys compositions, Stev and Reb A are most important
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which commercially are produced from stevia leaves. The Stev quantitatively is the highest SVglys, while

Reb A is sweeter than other SVglys (Sharmaetal. ¥+ * 9).

The SVglys are sweeter than sucrose and have been approved for use as sweeteners in many
countries, including the USA, Canada, Australia, New Zealand, China, Japan, and South Korea as well as

Europe. In the past decades, the SVglys consumption trend has been sharply increased in the world
(Singh and Rao Y * * ©). The SVglys is the natural herbal sweetener with no calories and is over )+ +-Y+»
times sweeter than table sugar (Goyal and Goyal Y+ +) which can be used for diabetic patients. The
positive effect of stevioside in reducing the glucose levels in type Y diabetic patients has been reported

(Gregersenetal. Y« « £),

The SVglys are diterpene compounds and are produced in the shared biosynthesis pathway with
gibberellins (Brandle and Telmer Y« + V). The divergence between SVglys and gibberellin is begun from
(-)-kaurenoic acid and is dependent on the hydroxylation site of (-)-kaurenoic acid. The hydroxylation of
(-)-kaurenoic acid at C-V position gives GAs (Hedden and Kamiya ) 24V), while hydroxylation at C-) ¥
position results in the steviol production (Kim et al. Y347), GAs formation is started with GA\y

production (Pimenta Lange and Lange Y+ *1) and thereafter several types of GAs are produced. In
another branch, the glucose units are transferred to steviol by several glycosiltransferases (UGTase),

which result in various SVglys, dependent on bond type and glucose unit numbers (Shibata et al. Y 449),
The SVglys are transported to vacuoles and may accumulate up to Y * 7 of the leaf dry matter, dependent

on many factors (Starratt etal. Y+ + Y).

Endophytic microorganisms are bacteria or fungi that live inside plant tissues at any moment of
their life cycle, without causing damage or disease symptoms to their hosts (Schulz and Boyle Y« « ),
Endophytes seem promising to increase crop yields, remove contaminants, inhibit pathogens, and produce
fixed nitrogen or novel substances (Rosenblueth and Martinez-Romero Y + * ). Endophytes can produce
some secondary metabolites such as phytohormones which could be useful for plants (Merzaeva and
Shirokikh Y+ Y+ Wagas et al. Y+ ) Y). Phytohormones play vital roles in the plant life. Gibberellin is one

of the main phytohormones. Gibberellins are a large class of phytohormanes which can have many
actions in the plants. The main biological effects of gibberellins are included: cell division, induction of

seed germination, stimulation of florescence and activation of amylolytic enzymes (Hedden and Thomas
YV, Paleg Y412, Pharis and King ) 3A®). Naturally, gibberellins are produced in the bacteria and
fungi as well as in plants. The gibberellins hormone can regulate the plant lives and those responses to

environmental variables (Cohen etal. Y+ +%, Khan et al. ¥ +)®). There are many evidences showing that
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endophytes are capable to produce gibberellins and gibberellins-like substances (Ahmad et al. Y+ )+,
Hamayun etal. ¥+ + b, Khanetal. Y+)Ya Khanetal. Y+)), Khanand Lee Y+)Y, Khanetal. Y+)Yb,

Khanetal. Y+ ¢a Khanetal. Y+ )¢b, Piccolietal. YY), Wagasetal. Y+ V).

Plant endophytic fungi are defined as the fungi which spend the whole or part of their lifecycle
colonizing inter and/or intra-cellularly inside the healthy tissues of the host plants, typically causing no
apparent symptoms of disease. They are important components of plant micro-ecosystems (Rodriguez et
al. Y+, Zhangetal. Y+ +71, Zhaoetal. Y+))). There are fungi that can improve the plant growth and
are called plant growth-promoting fungi (PGPF). Some studies have shown that fungi are capable to
produce gibberellins-like substance, which could be a phytohormone potential especially for plants.
Regarding to this, it has been observed that Cladosporium sphaerospermum IJL+Y (Hamayun et al.
Y « +4a), Aspergillus fumigates (Hamayun et al. ¥ * * 4b) are able to produce gibberellins compounds. In a
research, it was found that some of the fungi such as Fusarium oxysporum, Aspergilus flavus, Aspergillus
niger and Penicillium funiculosum were capable to produce gibberllins compound (Hasan Y * * ). It has
been also reported that endophytic Chaetomium globosum produced various physiologically active and

inactive GAs in its culture medium (Khan et al. Y + Y Yb).

Many fungal endophytes have been reported to either secrete GAs in their culture medium or have
an active GAs biosynthesis pathway. These include Aspergillus fumigatus (Khan et al. Y+ YY), Fusarium
fujikuroi (Khan et al. Y+)Yb), Penicillium funiculosum (Khan and Lee Y+ )Y), Penicillium citrinum
(Khan and Lee Y+ YY), It has also been reported that Paecilomyces formosus was able to produce
gibberellins-like substance (Khan et al. ¥+ Ya). Gibberrellin production by Chaetomium globosum has

been reported (Khan etal. ¥+ Yb).

The bacteria promoting plant growth, that is PGPB (Plant Growth-Promoting Bacteria) (Bashan
and Holguin Y49A), include those that are free-living, those that form specific symbiotic relationships
with plants (e.g., Rhizobia spp. and Frankia spp.), bacterial endophytes that can colonize some or a
portion of a plant’s interior tissues, and cyanobacteria (Glick Y+ Y). The plants can positively affect by
PGPB through increase the plant tolerance to stress, modification of root development and rhizosphere,
mineral nutrition improvement, and suppression of soil diseases (Glick et al. Y44%). The bacterial

positive effect can be mentioned as include nitrogen fixation, phosphate solubilization, iron sequestration,

synthesis of phytohormones, modulation of plant ethylene levels, and control of phytopathogenic

microorganisms (Gamalero and Glick ¥ *)).
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There are many scientific reports demonstrating that bacteria can produce gibberellins-like
substances. The gibberellins-like substances producing by bacteria has been reported in the Rhizobium

(Williams and De Mallorca Y 4AY). One of the first report relating to gibberellin presence in the bacteria

was by Atzorn et al. (Atzorn et al. Y 3AA) who demonstrated the presence of GAYand GAY*, GA in

gnotobiotic cultures of Rhizobium meliloti. The effect of three bacteria species (Bacillus cereus, Bacillus

macroides and Bacillus pumilus) on red pepper has been evaluated and the beneficial effect of these
bacteria was observed. The positive effects of these bacteria were attributed to GAs (GAs, GAx, GArs,
GA::, and GA.r) production of red pepper (Joo et al. ¥+ £). It has been reported that Arthrobacter
giacomelloi and Azospirillum brasilense formed greater amounts of gibberellins than control treatment
(Cacciari et al. Y 3A9), Four GAs (GA,, GAr, GA:, and GAv.) from Bacillus licheniformis and Bacillus
pumilus have been identified (MacMillan Y+ + ). It has been also reported that inoculation with Bacillus
licheniformis and B. pumilus enhanced growth of Pinus pinea plants, presumably by bacterial gibberellin
production (Probanza et al. Y+ +Y). Gibberellin production by Acinetobacter calcoaceticus has been

reported (Kang etal. ¥+ 4),

Since endophytes are able to produce gibberellins and gibberellins-like substance, and gibberellins
also are produced from a shared biosynthetic pathway with SVglys in Stevia, this research will be
conducted to getting help from endophytes microorganism to strengthening the gibberellins and SVglys

biosynthesis in Stevia. This technique will help stevia to produce more SVglys.
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