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Abstract

Biofertilizer is an alternative to solve the risk of chemical fertilizer.
Biofertilizer usually not only provide the plants with nutrients but also numbers of
beneficial microorganisms. Bacillus species can also be found in biofertilizer.
Inoculation of B. cereus can promote the plant roots growth by its antibiotics
ability and phosphate solubilization. This experiment, Bac;/fus spp. were isolated
from locally produced biofertilizer and the concentrate. B. subtifis and B.
megaterium candidates were identified followed the guideline from Bergey's
manual. 55 colonies were isolated from biofertilizer, the concentrate and the soil,
24 strains were Bacillus spp. candidates. Four of these candidates were selected
for sequencing and identification using I 6s rDNA, there were No.12, No.14,
No.17 and No.25. According to the I 6s rDNA sequence of the four selected
Bacillus spp. (No . 12, 14, l 7and 25), their l 6s rDNA showed hi gh similarity to
Bacillus cereus and B. megaterium. All four candidates were subjected to
antibiotics production test by growing in nutrient broth, 10% of nutrient broth, SS
media, minimal media and improved media for production of antibiotics
(supplemented with methionine). The antibiotic sensitivity tests were conducted
against seven bacteria, a yeast and two filamentous fungi, which include
Escherichia coli. Salmonella sp.. Staphylococcus aureus. Saccharomyces
cerevisiae. B. cere11s B. subtilis, Pseudomonas Sffingae pv. sesame. 11-ichodenna
reesei and Col!C'totrichum gloeosporioides. The improved media supplemented
with methionine was the only media that showed antimicrobial activity. Depend
on the antibiotics concentration, broth from all four candidates at 24h. 48h and
72h showed inhibition effect on the growth of E. coli, Salmonella sp., and S.
aureus. The 48h and 72h extract broth could inhibit P syringae pv. sesame growth.
The antibiotics supernatant of No.17 and No.25 extracted at 48h showed limited
inhibition on C gloeosporioides growth rate. All four candidates· extract broths
could not inhibit growth of B. subtilis. B. cereus. S. cerevisiae and T reesei .The
antimicrobial acti\·ity against E. coli. Salm onella sp. and S. aureus increased
within 3 days and the 72 1h hours yielded the best result.
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1. Introduction
For optimum plant growth, nutrients must be a' ailable in sufficient and balanced
quantiti es. Soils contain natural reserves of plant nutri ents, but these reserves are
largely in fonns unavailable to plants, and only a minor portion is released each year
through biological activity or chemical processes. This release is too slow to
compensate for the removal of nutrients by agricultural production and to meet crop
requirements. Therefore, fertilizers are designed to supplement the nutrients already
present in the soil. The use of chemical fertilizer, organic fertilizer or biofertilizer has
its advantages and disadvantages in the context of nutrient supply, crop growth and
environmental quality.
The chemical fenilizers dissohe quickly in soil. This usually results in a rapid
burst of plant growth, followed five or six weeks later. Should it rain hard, the
chemicals dissolved in the soil water will be transported deeply into the earth as the
water penetrates which is called leaching, so deep that the plant's roots can't reach
them. With one heavy rain or one too-heavy watering, your fertile topsoil becomes
infertile. The chemicals also can pollute groundwater. The risk of leaching is
especially great in soils that contain littl e or no clay. The high concentrations of
chemical nutii ents also modify the microbial ecosystem in the soil leads to lower
number of soil microorganisms.
Because of the risk of chemical fert ili zer, people found a new method to reduce
the costs, improve efficiency, and mai ntain producti on levels which is the use of
microorganisms. Biofertilizer is a natural organic fertili zer that helps to provide all the
nutrients required by the plants and helps to increase the quality of the soil with natural
microorganisms [3] . The biofertilizer can he used for developing organic agriculture,
sustainable agriculture, green agriculture and non-pollution agriculture.
The microorganisms play important roles in soil such as

fixation of atmospheric

nitrogen, solubilize and mobilize phosphorus, translocation of minor elements like
zinc. copper, and other to the plants, produce plant b,YTOwth promoting hormones,
vitamins and amino acids and control plant pathogenic fongi , thus helping to improve
the soil health and increase crop production[ 4] . Phosphate solubilizing microorgani sms
are a group of microbes capable of solubilizing inorganic phosphorus from insoluble
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sources. Si1nple inoculation of seeds with phosphate solubilizing 1nicroorganisn1s

gives crop yield responded equivalent to 30 kg P20 5 of phosphoric fertilizers.[ 4]
Molecular biology method can be used to separate one species in the soil. Most of

Bacillus spp. can produce antibiotic which can promote roots ,growth and decompo und
the phosphate. 1n recent research, people found that B. megaterium inoculation to the
seed caused an inhibition in primary-root growth followed by an increase in
lateral-root number, lateral-root growth, and root-hair length. Enzyme and hormone
metabolized by Bacillus spp. can promote the plant grow either [1]. Due to its
antibio6cs function, many of pathogenic bacteria and fungus will be inhibited
therefore the plant can be beneficial. In this thesis, I'll use PCR method to identify the

Bacillus spp. in the soil and commercial fertilizer. The iso lated Bacillus spp. will be
used to study th e co ndition of antibioti cs. Tn earli er research. most of the antibiotics
metabolism need vitamin. So switch the vitamine can enhance or resist the antibiotics
synthesize. So we can adjust the condition to let the Bacillus spp. work better for us.

Objective
I. To isolate and identify Bacillus spp. in biofertili zer using conventional method and

16s rDNA.
2. To study the condition for antibiotic production by selected isolates of Bacillus
spp.
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2. Literate review
Biofertilizer is a new way to dissolve the risk of chemical fertilizer to the
soil. Nowadays, more and more beneficial effects of microorganisms to the soil
have been reported. Including enhance the fertility of soil, inhibit pathogen growth
and bio-pesticide production.

2.1 Chemical fertilizer
Nitrogen, Phosphorµs, Potassium are the three primary ingredients demanded by
crops and plants durirg its growth. Nitrogen (N) is always needed in relatively large
amounts to make all plant proteins. Leafy crops such as cabbage. potatoes, fruit and
seed crops such as marrow, pumpkin, also need plenty of N to make sufficient leaf area
to produce high yields. Phosphorus (P) is important for growth. All plants need it from
the beginning to grow good roots to support the plant later. Potassium (K) is involved
in plant processes and in cell-sap. It helps the plant absorb and hold onto water and
increases protein synthesis. K causes plants to grow coarse tough vegetation more
resistant to disease and winter hardened [I]. N,P, and K. are available in a large
amount in our nature but only a little can be used by plant and crop. Environmental
condition such as pH can make nutrients unavailable [ 1].

It is important to realize that plants do not recogni ze the difference between
organic and inorganic fertilizers. Their tiny root hairs can absorb only nutrients that
have been broken down into inorganic, water-soluble forn1s [3]. It makes no difference
to your tomato plant if the atom of nitrogen it is absorbing has come from a compost
pile or a fertilizer factory.
The primary advantage of using packaged commercial fertilizer is that nutrients
are immediately available to the plants. As well, the exact amounts of a given element
can be calculated and given to plants.
The disadvantages of commercial fertili zer, especially nitrogen, are that it is
easily washed below the level of the plant's root system through the leaching of rain or
irrigation. An application which is too heavy or too close to the roots of the plants may
cause "burning"[3] (actually a process of desiccation by the chemical salts in the
fertilizer). As well, overly heavy applications of commercial fertilizers can build up
toxic concentrations of salts in the soil, thus creating chemical imbalances. Long-term
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use of chemical fertilizer can change the soil pH , upset beneficial microbial
ecosystems. increase pests [ 19]. The other problem associated with excessive use of
fertilizers is the eutrophication of surface water. Arable soils leak considerable amount
of nutrients which enrich the water body resulting in more growth of algae and other
organi sms and thus impair the quality of water and limits its use. Application of
nitrogen fertilizers also results in increasing the concentration of nitrate in ground
water. Heavy use of N fertilizers is also inimical to Rhizobium, the microbe
responsible for symbiotic nitrogen fixation [ 19].

2.2 Biofertilizer
Previous research [26] indicated that bacteria associated with plants can be both
harmful and beneficial. Plant growth promoting (PGP) bacteria may promote growth
directly, e.g. by fi xation of atmospheric nitrogen, solubilization of minerals such as
phosphorus, production of siderophores that solubilize and sequester iron, or
production of plant growth regulators (honnones). Some bacteria support plant
growth indirectly, by improving growth restricting conditions either via production of
antagonistic substances or by inducing resistance against plant pathogens. A _number
of bacterial species associated with the plant rhizosphere were found belonging to
genera Azospirillum, Alcaligenes, Arthrobacter, Acinetobacter, Bacillus, Burkho/deria.

Enterobacte1; Flavobacteriwn. Pseudomonas, Rhizobium and Serratia are able to
exert a beneficial effect on plant growth [26].
Biofertilizers are products containing living cells of different types of
microorganisms, which have an ability to convert nutritionally important elements to
available form through biological processes. According to previous research by Dr.
Winget, the dry matter accumulation and the uptake of the examined elements in the
soil were higher when biofertilizers were used [25]. Dr. Teruo Higa of University of
the Ryukyus in Okinawa created EM• I R and EM Bokashi which are microbial
fertilizers in Japan over 25 years ago. The EM fertilizers were marketed by EMRO
(EM Research Organization). The basic purpose of EM is the restoration of healthy
ecosystem in both soil and water by using three major genera of microorganisms
which are found in nature: phototrophic bacteria (Rlzodopseudomonas, Bacillus spp. ).
lactic acid bacteria (Lactobacil/us), and yeast (Saccharomyces). Microorganisms
found

m

EM• I®

including

Lactobaci//us

p/antarum,

Lactobacil/us

casei.

Lactobacillus Fermentum, Lactobaci/lus de/brueckii, Saccharomyces cerev1s/Qe,
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Rhodopseudomonas palusfl·;s and Bacillus subtilis.[25]

EM biofe1iilizer (EM company Thailand, www.emkyusei.com) as a material were
used in this research. For the earlier research of EM biofertili zer[20] traditionally
produced from fennentation of effective microorganisms was recommended to be used
within three months. This experiment showed that shelf life of the liquid biofertilizer
produced from vegetable waste contains high amount of viable microbial population
after four months of storage. The application of EM aims to function as inoculum of ·
microorganisms to the soil in which it will help to establish or re-establish soil
'

ecosystems. According to the preparation suggested by EM manufacturer, the
concentrated EM can be used directly by mixing with molasses and water. However,
the common method is to use EM as a stmier to fennent the raw materials and produce
either liquid or solid biofertilizer [20]. Thu s the Bacillus spp. has beneficial effect to
the plant and soil, the objective of this thesis will focus on the roles of Bacillus sp.
isolated from local biofertilizer.

2.3 Function of Bacillus spp. in the soil.
Spore-forming bacteria, typically Bacillus species, are one of the major types of
soil bacteria. The roles of Bacillus spp. in the soil can be phosphorus solubilize and
antimicrobial metabolism.
Phosphorus is an important nuttient for plants. There are several microorganisms
which can solubilize the cheaper sources of phosphorus, such as rock phosphate.
Bacteria like Pseudomonas striata, and B. megaterhun are also important phosphorus
solubilizing soil microorganisms. They solubilize the bound phosphorus and make it
available to the plant, resulting in improved growth and yield of crops. Soil phosphates
are rendered available to plants by soil microorganisms through secretion of organic
acids. Therefore, phosphate dissolving soil microorganisms play some part in
correcting phosphorus deficiency in plantation soils. They may also release soluble
inorganic phosphate into soil through decomposition of phosphate rich organic
compounds. These microbial inoculants can substitute almost 20 to 25% of the
phosphorus requirement of plants.[3]
In soil, phosphates are usually presented in the inorganic form as rock phosphate
and others. These are not absorbable by plants. The Bacillus bacteria secrete some
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organic acids such as Propionic acid, Citric acid, Acetic acid, Lactic acid, Succinic
acid, Fonnic acid etc, these acids reacts with the insoluble inorganic phosphate fonns
and converts them into soluble organic phosphates which are readily utilized by the
plants for their growth.
B. megaterium is one of the largest eubacteria found in soil which has a

rod-shaped, Gram-positive, endospore fanning, usually was found that has a great
ability to phosphate solubilizing. Bacillus used as a soil inoculant in agriculture. And
the research present the fruit which add B. megaterium which can enhance the
vegetable grow and quality such as in crease the leaf and fruit mineral content,
increase the number of green leaf and acidity [9].
B. subtilis is a Gram-positive, Cell Diameter < l µm (the width), catalase-positive

bacterium commonl y found in so il. B. subtilis is rod-shaped. and has the ability to
form a tough, protective endospore, allowing the organism to tolerate extreme
environmental conditions. B. subtilis has the ability to produce acid from a variety of
sugars. In response to nutrient limitation, it also produces several enzymes (including
proteases, amylases, celluloses, and lipases) and antibiotics. It can degrade the
organics and its metabolism can stimulate the crop grow. B. subtilis in the soil also can
enhance the anti-disease and produce the humic acid [9].
Base on previous research review [27] , 167 antibiotics were found produced
by members of the genus Bacillus. Of this, 66 different peptide antibiotics are
elaborated by B. subtilis and 4 of antibiotics produced by B. cereus [27]. Most of
the Bacillus spp. can produce chitinase and

~-1,3

the fungi cell wall which contain chitin and

glucanase which can lyse

~-1,3

glucan. Including B.

subtilis, B. 1icheniformis, B. xirculans, B. thuringensis, B. coag11/ans and B. cereus.

As is generally recognized, these antibiotics are mainly polypeptides. Of this total,
66 different peptide antibiotics are elaborated by strains of B. s11btilis. As a
consequence, the benefit of peptide antibiotics will be described only briefly
below [22].
I. The endospore which produced by Baci/111s spp. can resist to the temperature,
ultraviolet radiation and chemical condition.
2. Besides Bacillus anthracis and a few more species, the Bacillus spp. are not
pathogenic bacteria and no harm to the human and animals.
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3. More than 10 antibiotics produced by Bacillus spp. including bacitracin, cyclic
peptide and phage particles etc.
4. Peptide antibiotics are generally much smaller than proteins. Their molecular
weights range

from

270

dalton

(bacilysin)

to

about

4,500

dalton

(lichenifom1in) .
5. Most of the peptide antibiotics formed by these orgamsms are composed
entirely of amino acids, whereas others may contain amino acids plus other
constituents.
6. Most of the peptides are cyclic structures; however, a few are linear (e.g. ,
edeine. linear t,rramicidins).
7. Peptide antibi otics are generally resistant to hydrolysis by peptidases and
proteases of animal and plant origin, although a few are susceptible to
enzymatic attack
Table I.

Antimicrobial spectra of mycocerein from B.cereus[l]
Strain

Fungi/yeasts
Conidiobolu., lamprauges 454
Conidiobolus lantprauges A TCC 28997
Fusarium oxysporum IAf\.1 5009
Aspergillus nidulans IAM 2006
Eurorium chevalieri IFO 4928
Mucor rou:~ianus IAM 6131
Penicillium chrysogenum IAM 7106
Cryprococcus lur eolus IAM 12207
Hansenula winge i JAM 4983
Saccharamyces cere\•isiae lAM 4125
Bacteria
Staphylococcus aureus NIHJ 2099
Bacillus subtilis IAM 1026
Escherichia coli JAM 1268
Serratia marcescens IAM 12142
Proteus vu/garis IAM 1025

MIC (µg/ml> of
mycocerein

19. 5
19.5
39
39

19.5
78

39
19.5
19.5
39

969
>
>
>
>
>

625
625
625
625
625

B. cereus mainly can produce four kinds of antibiotics. There are biocerin,

cerexin, thiocillin and mycocerein[ I]. More and more researchers have identified the
new antibiotics by using HPLC. An example is in Table I [I] showed the biocerin
antibiotics ability test which purified from B. cereus. And some research toward
increase the product of crops. The research[2] point that pigeon pea and wheat had
more leaves which inoculate the B. cereus to the seed. And pigeon pea grain yield
increase34.8% and wheat was 38.1%.

Supplement of antibiotics metabolize (Production of antibiotic)
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Previous research indicated that secondary metabolism of bacteria need
certain supplement. the essential amino acid re4uire for both growth and
secondary metaboli sm[2 I] such as certain amount of glycine , lysine , tyrosine and
methionine. The methionine accelerate Bacillus spp. secondary metabolism
because methionine is the essential amino acid and intem1ediate metabolites for
both Eukaryote and Prokaryotc. Besides, methionine is start codon which
generally defined as the point, sequence at a ribosome begins to translate a
sequence of RNA into amino acid [21]

2.4 Molecular identification of microorganisms
· For many decades it has been obvious to microbiologist that the 4,000 validly
described prokaryotic species do not reflect the actual diversity of prokaryotic species
in the environment. Recent research increase in awareness of our inability to cope with
microbial diversity is due to a quantum leap in methodologies (e.g. molecular cloning,
polymerase chain reaction, DNA probing etc.) and in the development of concepts that
allowed biologists to come to a unified view of the genealogy of all living material.
This development can best be demonstrated by the revolutionary progress made in the
use of ribosomal RNAs and their genes as reliable phylogenetic markers for the
assessment of the natural relatedness between isolated and uncultured prokaryotes
combine with improved PCR and sequencing technology. The new discipline of
molecular ecology offers the potential of determining the whole range of prokaryotic
taxa without running into the problems of selective laboratory enrichment and growth
media. Today, molecular genetic analysis of rDNA obtain from DNA extracted from
natural habitats is routinely used in many laboratories worldwide and a broad range of
otherwise similar strategies are applied without prior cultivation and isolation of the
orgamsms.
Originally, emphasis was placed on targeting ribosomal RNAs from environmental
specimens that were analyzed by filter hybridization of extracted rRNA or by direct
rRNA sequencing. [4] l 6s rRNA use apply for the PCR reaction due to its ubiquity,
I 6s rRNA exist all cells and its highly conserved between different species of bacteria.
In addition to highly conserved primer binding sites, l 6S rRNA gene sequences
contain hypervariable regions that can provide species-specific signature sequences
useful for bacterial identification. According to the sediment coefficient, the rRNA can
be divided into 5s, l 6s and 23s rRNA. The l 6s rRNA which on the ribosome around
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I 540bp, its structure and base pair arrangement not complex for the sequencing. As a
result. I 6S rRNA gene sequencing has become pn?\·alent in medical microbiology as a
rapid. accurate alternative to phenotypic methods of bacterial identification.[5]
Base on the previous research[24]. a compari son of l 6S rRNA gene (rDNA)
sequences was made among type strains of 69 Bacillus spp. The results suggested
that 5' end region (approx. 275 bp) was the hyper variant region (HY region) in
the gene and was highly specific for each type strain.
To find the most informative region of l 6S rDNA for the rapid identification
of Bacillus species based on sequence differences. multiple sequence alignment
was carried out by using the l 6S rDNA sequences of 69 type strains of Bacillus
species. Hyper variable region (HY region; nucleotide positions 70-344) selected
in common with the 69 type strains. A sequence similarity of the HY region
among the type strains was shown to be mostly lower than 90.0%. thus the HY
region was specific for the individual type strains.
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Complete 165 rDNA
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Figure 1. Phylogenetic relationships of Bacillus species base on the 16s rDNA
sequences.[24]
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Figure 2. The phylogenetic tree of HY region in l 6s rDNA[24].
Base on the previous research[ 13], A 24-bp specific pnrner (BacF
5'-GGGAAACCGGGGCTAATACCGGAT-3') located at the 5"-end of the 16S
rRNA gene was designed, initially by interrogating the database for regions
matching a selection of bacilli. The primer sequence showed 100% matches with a
majority of sequences from the genera Bacillus(405 hits), Paenibacillus(5),
Virgibaci//us( 13),

Alibacillus(2),

Geobacillus(4),

Marini bacillus( 3 ),

Filobaci//us(2) , Amphibacillus(l ). Based on the sequencing results, the 25 isolates

defining the seven groups were identifi ed as B. megaterium (98-99%; 8 isolates),
B. mycoides (99- 100%; 4), B. cereus (100%; 3), B. thuring iensis (99- 100%; 3), B.
macroides (99%; 2), B. pumilus (I 00%; 5).[ 13]

2.5

Identify B.

thuringiensis and B. cereus with biochemical

method.[9]
Base on the phylogenetic tree (Figure l ), the B. thuringiensis and B. cereus were
highly similar to each other when classified using complete sequence of I 6s rDNA.
All Bacillus species are motile with exception of B. anthracis and B. mycoides[9].
Table 2 showed the biochemical test result from?'? of B.thuringiensis and B.cereus.
Since their l 6s rRNA are highly similar[24], so the phenotype of biochemical test are
also similar. One different phenotype that differentiate B.cereus from B. thuringiensis
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is crystal protein fonnation . After growth on sporulation agar or on nutrient agar for at
least 48h, B .thuringiensis produces cuboid or diamond shaped crystals. Th ese are
demonstrated with phase contrast microscopy or stain with malachite green .
Table 2. Summary of test result
Lecithinase

Motility

Penicillin

Crystal

susceptibility

formation

+

+

+

B. thuring{ensis +

+

+

B. cereus

+

The factor effect Crystal protein formation of B. thuringiensis[23]
Several research of biochemical test had been reported that the B. cereus and

B. thuringiensis result are highly similar[?] [9] [21]. The crystal protein formation
which is the significant of difference to separate each other; So the condition of
crystal protein formation by B. thuringiensis need to be clarified.
Energy of carbon source
Glucose has been frequently used as energy source in B. thuringiensis
production. When other nutrient source besides glucose such as yeast extract was
used as energy source, the large amount of ammonium due to the deamination of
amino acids was observed. The liberation of ammonium caused final medium pH
increase. Under alkali pH , crystal protein might be damaged by alkali protease.
Energy of nitrogen source
The insecticidal protein which makes up 20% to 30% of total protein of

B.thuringiensis is synthesized from amino acids derived from the complex
nutrients. According to the observation, B.thuringiensis requires some amino acid
or peptides which are essential for growth . Such as cystine and citrate acid . The
important role of cystine and citrate acid was future investigated. Some research
assume cystine might be important in membrane protein and fatty acid synthesis.
Nickerson and Bulla(l 974) described a minimal medium supplemented with
glutamate or citrate in which B.thuringiensis grew, sporulated and produced
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crystal protein.

Minerals
The presence of Mn 2-+ , Ca='", Zn 2+, Cu='" and Fe='" in culture medium could
promote growth , sporulation and crystal formation of B. thuringiensis.
pH
The pH of a medium consisting of glucose decline caused by the production
of acetic acid during the log phase of fermentation. An initial pH between 7 and 8
is recommended. Higher pH is optimal for B .thuringiensis proteases and
potentially damaging to the crystals.

Temperature

ER /

The effects of temperature on spore and crystal yield have been studied. They
recently found that optimal temperature for crystal protein formation is 28°C.
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3. Experimental material and method

3.1. Material
a) EM biofrrtili zer (EM company Thail and , www.emkyusci .com)
b) Local biofertili zer (Waree(87) Co. Ltd)
c) Soil obtain in ABAC field

3.2 Equipments
a) Centrifuge

(H em1l e-Z ,

Gennany)

h) Microscope

(N ik on YS 2-H ,

c) Bead beater

(Amalgamator II , USA)

d) Electrophoresis
e) PCR

(Apelexl ,

(HBPXE02,

f) Electrophotometer

Japan)

France)

United Kingdom)
(Genesys 5,

USA)

g) 2.5µ1 , I Oµl, l 00µ1, I 000µ1 of micropipette

3. 3 Microorganism culture media (recipe show in Appendix F)
C>9

a) Nutrient agar

(HIMEDIA ,

Mumbai)

b) MR-VP broth

(HIMEDIA,

Mumbai)

c) Starch agar

(HIMEDIA,

Mumbai)

d) Minimal agar

(HIMEDIA,

Mumbai)

e) SS agar

(HIMEDIA,

Mumbai)

~

°'14$,,S
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3.4 Experiment procedure
3.4.1 Bacillus sp. isolation
3 .4.1.1 Sample pre-treatment
1Og of soil sample from ABAC field or I Oml of EM biofertilizer or EM
concentrate (Waree (87) Co. Ltd) were added into two of 90ml of 0.1 % peptone water.
The sample boiled for 10 min and diluted from I 0-3 to 10-5 . Single colony from each
plate was subcultured in the NA slant for further test. 50 colonies of candidates were
selected from the plate and streaked on the NA slant for the further step.

3.4.2 Identification of Bacillus species

()A'

~

3.4.2.1 Bacillus species screening using Gram stain

From 48hrs slant cultures, stained the cells using Gram's stain and observed the
colony under the microscope, selected the colony which were Gram positive, rod
shape and had endospore.

3.4.2.2 Biochemical test
According to the

*

Bergey's Manual of Determinative Bacteriology, the

corresponding test were perfonned according to the dichotomous key as showed in
Appendix E[8]
a) Starch Hydrolysis test.[ 15] The Bacillus spp. inoculated to the starch agar for
24hours at 37°C. The negative result showed the purple color by poured the iodine on
the plate and the positive result show the clear zone with iodine.
· b) YOGES-PROSKAUER test. [16] The Bacillus spp. inoculated to the MR-VP
broth for 24 hours at 37°C. The result showed after add 5 drops of 40% KOH and 5
drops of alpha-naphthol reagent. The positive result observed by a appearance of
cherry red color within 30 minutes.
c) Swollen cell test.[ 17] The 48hours of Bacillus spp. cells which after gram stain,
observed under the microscope. The swollen cell showed the cells became expansion

lb

during sporulation period.
d) Cell diameter test. E. coli used for compan son which diameter around
(0.4~im-0.7µm).

e) Crystal protein fonnation. Minimal agar \\·ith citric acid were used as media for
induction of Crystal protein[ 12]. The Crystal protein showed diamond shape by
stained with malachite green.

3.4.2.3 DNA extraction [14]
Candidate strains were inoculated into l 0 ml nutrient broth (NB) and shaken for 24
hours

at

room

temperature.

One

ml

of culture

broth

was

subjected

to

spectrophotometry at _600 nm to measure DNA concentration. Nine ml in the rest of
culture was transferred to a 10 ml tube and centrifuged at 5500 rpm for I 0 min.

The

precipitate was collected, transferred to a new microfuge tube, and added with 200 µl
TE buffer, 200 µl lysis buffer and 0.5 g glass beads. Cell lysis was performed by bead
beating (four times 90s) and the lysate was obtained by centrifuge at 12,000 rpm
for 15 min. The supernatant was collected to the new eppendorf tube and added with
chlorofonn:isoamyl alcohol (24: I) followed by protein precipitation at 12,000 rpm for
5 min. Two volume of isopropanol were added to the eppendorf tube with the
condition of -20°C keep for 24hours. The DNA pellet were obtained by centrifuge at
12,000 rpm for 5 min,

200~d

of 70% ethanol were perfonned to purify the DNA pellet

by centrifuge at 12,000 rpm for 5 min. The DNA preserved by 20

~LI

TE buffer and

kept under the -20°C for further test.

3.4.2.4 DNA quantity and quality test
DNA quality and quantity were tested using spectrophotometry by measunng
absorbance at 260 and 280 nm . The DNA was also ran on an agarose gel.
3% of H2 0 2 were used to sanitized the electrophoresis equipment and Ix TAE
buffer were used to prepared 0.8% of agarose gel. The electrophoresis were perfonned
by add

4~tg

of DNA and adjusted the volume to 5µ1 with sterili ze water and lµl of the

dye with SOY for around I hour. The gel were stained with Ethidium Bromide and
DNA can be observed under the UV light which shown light band.
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3.4.2.5 PCR reaction
PCR was perfonned in 40

~ti

reaction containing 0.2 µM of each primer. 3.75 mM

MgC12, 200 µM of each dNTP, and 5 U of Taq DNA polymerase, Ix PCR buffer and I
DNA

pg

template.

The

forward

pnrner

was

BacF

(5"-

GGGAAACCGGGGCTAATACCGGAT-3 ' ), and reverse primer was R 1378 (5"CGGTGTGTACAAGGCCCGGGAACG-3').[14]
The thermal cycling was as follows: initial denaturation at 94°C for 5 mm;
'

followed by 35 cycles of 94°C 1 min, 65°C 90 s,

n°c 2 min; and a final

extension at

72°C for 10 min. For analysis of the quality of PCR products, 5 to I 0 µ1 aliquots of the
reaction products were ran on 1.2% agarose gels.

3.4.2.6 Sequence ·analysis of PCR products usmg NCBI's BLAST
software
The size of PCR product target was predicted usmg NCBI's BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The predicted size was approximately 1,260
bp using BacF and RI 378 primer. Open the web site ofNCBJ blast-N and set the BacF
forward primer and R 1378 reverse primer, the NCBI list the whole organic 16s rDNA
with different percentage of match to the objective primers.

3.4.2.7 Restriction enzyme

*

The restriction enzyme EcoRI cutted the target sequence into two fra,grnents using
the NEB cutter V2 .0 (http ://tools.neb.com/NEBcutter2/index.php).
Restriction enzyme process was perfonned by add I U of EcoRl (Fennentas life
sciences EcoR I www.fenncntas.com) and IX of its buffer to the PCR appendorf tube
and keep in 37°C for 24hours. Five µI of restriction enzyme production taken for the
electrophoresis examination. The result respected that PCR product cutted by
restriction enzyme into two fra,gments; one was around 500bp and the other around
700bp.
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3.4.2.8 PCR product purification
PCR production puficication was performed by mix 1 volume of PCR sample
with 2 volumes of Buffer NT and place a NucleoSpin.!' Extract 11 Column
(Macherey-nagel Gcnnany) into a collection Tube (2ml) and load the sample. DNA
was bound with column by centrifuge for I min at 5.000 rpm and discarded
flow-through and placed the column back into the collection tube. DNA production
washed with 700 µI Buffer NT3 to the NucleoSpin® Extract II Column and centrifuge
for I min at 5,000rpm. DNA production collection was performed by added 30 µl
Buffer NE,incubate .at room temperature for 2 min and ccnt1ifuge for I min at 5,000
rpm .

3.4.2.9 Sequencing
PCR products were sequenced by Sequencing laboratory, Research center, School
of medicine, Ramathibodi Hospital (Thung Phaya Thai, Ratchathewi, Bangkok I 0400,
Thailand). The sequencing was performed using chain-tennination methods [7].

3.4.2.10 DNA sequence analysis
The paiiial 16S rDNA as well as primer sequences were compared against those
available in the GenBank database using BLAST-N (http ://www.ncbi.nlm.nih.gov).
The sequences were further aligned using BioEdit Sequence Alignment Editor
(Version 7.0.5.3)

3.4.3 Antimicrobial activity analysis
3.4.3. l Bacillus spp. growth curve
The Bacillus spp. were incubated into 100 ml of minimal media (recipe show in
Appendix F) broth. The result obtained by 00600 nm meas urement every hour and
the growth curve was perfonned by using 00600 nm result from the beginning to the
501h hours .
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3.4.3.2 Effect of Different supplements on the production of antimicrobial
substance from the isolated Bacillus spp. with disc diffusion method.
The Baci!!us spp. incubated into I OOml improved media broth [ 12). The
antibiotics extraction were obtain by filtrated 0.2 µm filter paper. The small circle filter
paper dipt into the antibiotics extraction and placed on the plates which were
inoculated with different bacteria which were E. coli, Salmonella sp., S. aureus,

Pseudomonas syringae pv.sesame, Saccharomyces cerevisiae, B. cereus and B. subtilis
'

for testing its antimicrobial activity. Trichoderma reesei,

and Colletotrichum

gloeosporioides were mold that were subjected to the antimicrobial. To tested the
antimicrobial acti vity for these two mold by using PDA agar which added 1ml broth
extraction and measured with the colonies diam eter.
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4. Result and discussion
The biofertilizer were used for isolation of Bacillus spp. which was
considered as one of a major group of bacteria usually found in soil and
biofertilizer [25].

4.1 Bacillus spp. isolation
EM biofertilizer, EM concentrate and soil sample were used as Bacillus spp.
source. The sample was boiled for 10 min to kill most of the non-spore forming
bacteria; the spore forming bacteria can survive due to its heat resistant activity even
under the 100°C condition.
55 colonies were selected and tested with the Gram's stain. Isolates No.1 to
No.20 were isolated from EM vegetable biofertilizer, No.21 to No.40 were isolated
from EM concentrated and No.41 to No.55 were isolated from the soil. The candidates
for Bacillus spp. were selected using the microscopic characteristic as showed in
Figure 3 and 4. The Bacillus spp. is Gram's positive bacteria that can produce
endospore, which could not be stained by Gram stain method showed colorless oval
inside the cells. The Bacillus spp. is rod shape and depend on the different species,
some were grew individually and some grew as a long chain. From the total 55
colonies isolated, 24 colonies were found producing endospores, the other 31 colonies
were not.

Figure 3. Gram stain of Bacillus spp. sample NO. 12. Magnification lOOOx
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Figure 4.
lOOOx

Gram stain of sample NO. 17 which cells form a long chain. Magnification

According to the shape, the position of endospore form inside the cell and cell
arrangement, the candidates for Bacillus spp. can be primarily selected.

4.2 Bacillus spp. identification.

-

The identification of Bacillus spp. were done according to the Bergey's manual of
Bacteriology [7], The two strains that were focused on are B. subtilis and B.

megaterium due to the important role in the soil. Based on the previous research, B.
subtilis is one of the main groups of microorganisms in the biofertilizer [25] which can
mobilized the phosphate and improved resistance of plants to plant pathogens. The
crystal protein produced by B. megaterium is one of an example of biopesticide to kill
the larva [8].

4.2.1 Biochemical test
The biochemical tests were done according to the guideline from Bergey's
manual of Bacteriology in Figure 22 (Appendix E) and their results were shown in
Figure 5.
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Total colony isolated
55 colonies

Endospore test positive
24 colonies

Starch agar test positive
21 colonies

Endospore test negative
31 colonies

Starch agar test negative
• 3 coJ<>Jiie·s '

MR-VP test
Positive I 0 colonies

Diameter > 1µm
5 colonies

Diameter < I µm
5 colonies

MR-VP test
Negative 11 colonies

Swollen cell
Positive 6 colonies

*

Swollen cell
Negative 5 colonies

*

Figure 5. Biochemical test for 55 isolates of Bacillus spp. according to the guideline
from Bergey"s manual of bacteriology [7],

4.2.1.1 Starch hydrolysis test.
B,

subti/is and B. megaterium are the group of Bacillus spp. that can produce

amylase. The amylase is the enzyme used for the hydrolysis starch. The amylase can
catalyzes

the

hydrolysis

of

I,

4

alpha-glucosidic

linkages

m

common

polysaccharide.[ I] B. subti/is and B. megaterium also produce alpha-amylase in
common nutrient, so the starch agar after incubate the Bacillus spp. which can
metabolized the amylase can show clear zone around the colony by pour iodine.
Without amylase the starch agar will show purple color when react with iodine.
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4.2.1.2 MR-VP test
In the MR-VP test, there are 10 positive colonies and 11 negative colonies result.
In the Voges-Proskauer of MR-VP test, the red color comes from the addition of
potassium hydroxide to cultures of certain microbe which can produce neutral end
product, acetoin, from the fermentation of dextrose. The acetoin is oxidized in the
present of oxygen and alkali to produce a red color which is a positive reaction [2].

4.2.1.3 Swollen cell and cell diameter test
From the 11 MR-VP negative colonies there were 5 colonies of swollen cell and 6
colonies were negative. Swollen cell shown as Figure 6, compare with Figure 4. The
swollen cell Bacillus spp. shown shorter and more inflate during its sporulation period.

Figure 6.

Swollen cell.

(Magnification lOOOx)

For the cell diameter measurement, there was no specific scale for measuring the
cell diameter under the microscope. E. coli which cell diameter around 0.5 µm [3] was
used as standard. The culture diameter < 1µm were sellected by which less than twice
of the E. coli cell. The different phenotypic characteristics of whole 55 selected
Bacillus spp. show in Table 3.
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Different phenotypic characteri stics of 55 selected Bacillus spp.

Table 3.

No. of
strains
l

Spore
forming
+

2
~

4
5
6

+
+

7
8
9

+

10

+
+
+

11

12
J:3

14
15
16

17
18
19

+
+
+
+
+

20

21
22
23
24
25
26
27
28
29
:10
:H
:~2

:n
::M
:\5
:~ G

:n

:rn
:ig

c10
,11

12

+

+
+
+

+

+
+
+

Starch
hydrolysis

MR-VP

Cell
diameter

Swollen
ce ll

Motility

25

.)

"

.1

Jl

+

·Fi
lo

47
IK

50
51

52
53

+

54

+

55

+
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The characteristics similar to the B. subtilis

11

14

Gram stain

+

+

,,,,

+

Spore forming

+

+

~~

+

Hydrolysis of starch

+

+

15

+

~
~CJ'

16
+
+
+

The charncteristics similar to the B. meg11tcriu111

I
lj ....

25

12

17

22

+

+

+

+J
+ [

+

I\"
~

,
\

+

n

I

52

+

+ I

+

+ I

+I

+ I

+

+ I

+I

, I

+

v-:::__i

MR-VP test

+

+

+

+

+

Cell diameter
Swollen cell test
Motility test

Table 4. Summary of characteristic of the selected I 0 Bacillus spp. isolates with similar characteristic to B. subtilis and B. megatcrium.
~

~~

~dwnssi

*

27

According to the Bergey"s manual , B. subtilis can produce amylase, MR-VP test
positive and has cell diameter less than I µm _B. mega1eri11111 characteristics are able to
produce amylase, MR-VP negati\ c and swollen cell negati\e. Base on the Figure 4,
the isolates NO. I I. 14. 15. 16 and '.25 showed the characteristic that were similar to B.

subtilis. While isolates NO. 12, 17, 22, 23 and 52 had characteristic that more similar
to B. megaterium.

4.2.2 DNA extraction
According to the biochemical data (from 4.2.1 ), 5 isolates showed similar
characteristics to those of B. subtilis. whereas other 5 isolates shovved the same
characteristics to those of B. megaterium. Therefore, all the isolates were subjected to
further molecular identification using l 6s rDNA. The genomic DNA was isolated from
the ten isolates

(Table 5). The chromosomal DNAs were ran on agarose gel (shown

in Figure 7). The DNA of good quality has the ratio of A 260 / A 280 around 1.8 to 2.0 (ref,
e.g. Sambrook et al. 2003). The ratio of higher than 2.0 implies the presence of high
RNA content and that of lower than 1.8 could mean a high protein content. The
extracted DNAs

appeared to have a good quality and were used in the next steps. A

size determination of the DNAs and the absorbance measurement at 260 nm could
check for the degradation of DNA. Most of the extracted DNA samples showed no
obvious degradation except the DNA sample No.11, which seemed the have smear,
indicative of chromosome DNA degradation.
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Table 5. Analysis of DNA from candidate strains.
Isolates

11

15

16

17

22

23

25

52

1.81 1.81 1.91

1.94

1.96

2.00

1.91

1.85

1.92

1.93

4.00 4.28 5.45

4.68

4.13

3.05

3.83

4.93

2.48

2.90

12

14

number
Ratio of
OD260/280
DNA

concentration
µg/µl

*The DNA concentration was calculated as 1. 0 of A160 is equal to 50 µg/ml.

Figure 7. Electrophoresis of chromosome DNA ran a 0.8% agarose gel in lxTBE. The
DNA ladder was lKb DNA ladder (Sibenzyme)
Because Bacillus sp. is a gram-positive bacterium of which its cell membrane has
a thicker peptidoglycan layer than that of gram negative bacteria, in the DNA
extraction glass beads were added to help break the cell membrane. The DNA sample
were heated to 60°C in a water bath to help the lysis buffer break down the cell wall
and membrane [4].
The chromosomal DNAs were showed at top and small ribonucleic acid (RNA)
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was presented on the bottom of gel (Figure 7). Then, RNase was added to remove
contaminating RNA before the isopropanol step. The result of the DNAs treated with
Rnase was shown in Figure 8.

Figure 8.

DNA extraction with Rnase. 0.8% agarose gel with lx TAB buffer

4.2.3 PCR reaction.
One important parameter in a PCR reaction is melting temperature(Tm),

which

is based on the G+C% of the primers. Higher G+C% in the primer needs higher Tm,
and generally annealing temperature is the Tm minus 5°C. Annealing temperature
determines the specificity of the primers to the template. Stable DNA-DNA hydrogen
bonds are only formed when the primer sequence very closely matches the template
sequence[l8]. The PCR primers, Tm of 65°C and MgC12 concentration of 3.75 mM
were used in this study and as previously described [14]. To optimize the PCR
amplification, the annealing temperature was varied at 60°C, 62°C or 65°C. Also,
MgCh concentration was varied from 3. 5mM to 4. OmM. The results of PCR reaction
with 60°C annealing temperature and different amounts of MgCh were shown in
Figure 9. , The annealing temperature at 65°C and 3.75 mM MgCh gave the best
amplification (Figure 9, 10, and 11). This Mg concentration was considered quite high
compared to the standard concentration normally used.
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Figure 9. PCR result with 60°C annealing step and different amount of MgCh From
left to right, ladder, N0.15 with 4.0mM MgCh, N0.15 with 3.75mM MgCh, N0.15
with 3.5mM MgCh, N0.14 with 4.0mM MgCh, N0.14 with 3.75mM MgCh,N0.14
with 3.5mM MgCh,N0.12 with 4.0mM MgCh,N0.12 with 3.75mM MgCh, N0.12
with 3.5mM MgCh, control, lKb ladder (SibEnzyme). 1.2% agarose with lx TAB
buffer

The PCR products obtained matched the expected size of 1,256bp [5]. The PCR
results (Figure 9) showed that the 3. 75mM Mg final concentration yielded a suitable
condition for amplification for all of the samples (the rest was not shown). All the
samples had a bright tail, which mean at the 60°C annealing non-specific PCR
products occurred.

Therefore, optimal temperatures for the annealing step was

between 60-65°C, and the optimal Mg concentration was 3.75 mM of MgCh in this
study.
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Figure 10. PCR products from reaction with 62°C annealing step. 1.2% agarose with
lx TAE buffer From left to right which were ladder, No.52, No.52, No.25, No.25,
No.16, No.16, No.14, No.14, No.11, No.11, negative control, ladder.
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Figure 11. PCR products from reaction with 65°C annealing step. 1.2% agarose gel
with lx TAE buffer From left to right which were ladder, negative control, No.52,
No.52, No.25, No.25, No.23, error, No.23, No.16, No.16, No.15, No.15, ladder
According to the Figure 11, the PCR band not showed much more bright tail than
the other two annealing temperature which mean the non-specific PCR product lower
than the other. But one ofN0.15 not showed any band in this result, it might because
of the quality of template which degraded by Dnase. The Dnase exist in the cell and
released by the step of breaking cell wall. The chloroform used to denature the
proteins and this method might residue much more protein compare with the addition
of protease. So, PCR reaction with 3.75mM ofMgCh and 65°C annealing temperature
were the optimum condition of PCR reaction that we found as further experiment to
use.
The PCR products result of these 10 samples were matched to the earlier
prediction and used for the further step, restriction enzyme.

4.2.4 Restriction enzyme.
The PCR products' size was matched to the prediction and the restriction enzyme
was further proved that the PCR products were the expected fragments. The PCR
product sequence was predicted by obtaining the 16s DNA from NCBI database
(http://www.ncbi.nlm.nih.gov/BLAST/) and restriction enzyme design used NEB
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cutter V2.0 (http://tools.neb.com/NEBcutter2/index.php ).
The B. megaterium PCR products cut by restriction enzyme were predicted to be
able to cut by EcoRJ enzymes (full list can be found in appendix B). The restriction
enzyme selected by NEB cutter showed as Figure 10 and B. subtilis predict PCR
product cutted by restriction enzyme showed as Table 7.
'Iable 7 R esulto f B. megaterium PCR product cut by EcoRl enzyme.

B. megaterium PCR product

Cut position (5' to 3 518/522

B. subtilis PCR product

527/531
-~

~

EcoRI treated with PCR product and the result showed as Figure 12.

~
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Figure 12. PCR products after digested with EcoRI. 1.2% agarose gel with lx TAE
buffer. From left to right which were No.17, No.14, No.12, negative control, ladder.
EcoRl which is an endonuclease enzyme isolated from E.coli, and cut the
position of 5' ...GtAATTC .. . 3' and 3' ... CTTAAjG .. 5' [6]. Negative control used
sterilize water and N0.12, N0.14, N0.17 as sample treated with EcoRl. According to
the Table 6, both B. megaterium and B. subtilis PCR fragment could be cutted by
EcoRl into 2 fragments. B.subtilis was 527bp and 729bp and B. megaterium was
518bp and 742bp which predicted from the NEB cutter V2.0. According to the Figure
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12, the N0.12, N014, NOl 7 were cutted into 2 fragments, one was around 500bp and
the other around 750bp which match to earlier predict. The restriction enzyme further
proved the PCR product was required. The results of restriction enzymes were in line
with my expectation of B.subtilis and B. megaterium. The ten PCR products had the
same size cutted by restriction enzyme in several repetition operations. Three samples
showed in the Figure 12 and rest were not showed.

4.2.5 DNA sequencing
Four DNA samples were chosen for the DNA sequencing step:, No.12 and
No.14 which were most likely to the B. subtilis group and No.17 and No. 25 which
were most likely to the B. megaterium group. Sequencing ofthese PCR products
were performed by Ramathibodi Hospital (Thung Phaya Thai, Ratchathewi,
Bangkok 10400, Thailand). The DNA chromatograms were analyzed and
assembled using Bioedit [30] and the results were shown in Appendix C.

-

4.2.6 DNA sequence analysis
DNA

sequence

analysis

were

done

usmg

NCBI

(http://www.ncbi.nlm.nih.gov/BLAST/) and sequence alignment used BioEdit version
7.0.0.copy right 1997-2004, to compare the PCR product sequence and the target

Bacillus spp. sequence in the database. The result of partial alignment was showed
inFigure 13.
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Figure 13. Partial result alignment of four sample and B. cereus, B. thuringinesis using
program BioEdit sequence Alignment Editor (Version 7.0.5.3)
Four DNA sequences from the PCR products were aligned with the Bacillus
sequence in NCBI database, the four DNA templates extracted in this study had a
100% homology to two Bacillus spp. , which were B. cereus and B. thuringiensis .
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According to the Bergey" manual, B. cereus and B. thuringiensis group have cell
diameter

c::

I µm and B. subtilis has cell diameter ::; I µm. HoweYer. due to the lack of

measuring equipment, E.coli was used as standard cell reference with the diameter
around 0.5µm in this study and this may cause some errors. Previously. two DNA
samples should have been in the B. megatcrium group with MR-VP negatiYe. However,
the sequence showed that they were in B. cereus group with MR-VP positive. After
retested with MRVP, these sample appeared to showed a positive reaction,
contradictory with our previous result. The problem might caused by the Bacillus spp.
was not actived completely from the slant and its metabolism may be not sufficient for
the detection within 24h. Therefore, the previous result showed no pink color in 30
mm.

From the alignment, the size of the PCR products from B. cereus and B.

thuringiensis was completely the same. So, this sequence might belong to the
conserved domain. On the other hand, the primers used were based on the reference
[ 14] which were a universal primer pair for the Bacillus spp. This primer pair were
perhaps good for all Bacillus spp. or some of the gram positive bacteria.

4.2.7 Test for crystal protein formation
According to the Bergey·s manual, Crystal protein forming is an important
difference separate B. cereus and B. thuringinesis. The B. thuringinesis can produce an
intracellular parasporal crystalJine which is cuboid or diamond shape [9]. And these
crystal proteins can be demonstrated with phase contrast microscopy or staining with
malachite green [ 1O]. One important factor for B. thuringinesis produce crystal protein
is the amino acid. If certain nonrequired amino acids are added singly or in
combination to a basal synthetic medium , growth is completely inhibited or severely
limited [11]. So minimal media used with citrate as broth to incubate the B.

thuringinesis. The reference of crystal protein showed as Figure 14 and the result from
four samples stained with malachite green show as Figure 15.
According to the Figure 14, the size of crystal protein might I time bigger than
endospore so that mean the crystal protein which was easy to observed. But from the
Figure 15, the crystal shape were not found in the cell but endospore. The culture kept
for the further experiment to identify B. cereus or B. megaterium by using molecular
method. And for the further accurate qualitative experiment, an universal primer at
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front to identify the Bacillus spp. and design a exclusive primer for the B. cereus so
that can identify the B. cereus completely or enlarge the binding template position of
primer in order to cover the variable domain need to be considered.

of

Fig. . Pha;e contrast micrograph B. 1inwi11girnsis l5L>late> , homug rhe b1pyramid3l aud ~uboidal CI}'S'.ah (.-\) ·solate
!BL")(2 7p. (B) Isoke IBL1'"72 .1 . S) Spore.(() Crystal.

Figure 14. Reference of Crystal protein. [8]

*

Figure 15. No.12 stain with malachite green and safranin. (magnification lOOOx)

4.3 Antimicrobial activity analysis
The 16s rDNA showed that the candidates could be either B. cereus or B.
megaterium. Therefore the experiment were done to test their possible production
of some antimicrobial substances as showed earlier in the previous work. [21] [22]
[27]
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4. 3 .1 Growth curve
The Growth curve of the four candidates was showed in Figure 16. From the
Figure 16, the lag phase take 3 hours, exponential phase take 25 hours and after 29th
hour the growth of sample start to decrease. That could be a indicator to the
antimicrobial metabolism test as the secondary metabolites. The doubling time of
No.12, No.14 and No. 25 were 7 h (from 1.0 to 2.0 test by OD600nm) and for No.17
was 6 hours (from 1.0 to 2.0 test by OD600nm) which shorter than the fermentation
process which is 10 h [21]. And the previous research also indicate that the growth rate
related to the shaker speed. Bacillus spp. are aerobes or facultative anaerobes,
therefore the growth under shaking condition at 180 rpm should provide the high
concentration of oxygen and also Bacillus biomass. [21]

Growth curve
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Figure 16. Growth curve of four samples in minimal media at room temperature.

4.3.2 Antimicrobial function test
Most of the Bacillus spp. has antimicrobial function and B. cereus can produce
variety of peptide antibiotics and most of the peptides are antimicrobial such as
biocerin, mycocerein, mycobacillin, few are known to be antifungal [27]. 5 different
media Nutrient Broth (NB), 10% of NB, SS broth, Minimal broth and Minimal broth
with methionine were used to grow the isolates and tested for their antibiotics activity.
The result of 5 different media for antibiotics production was showed in Table 8.
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Table 8. The antimicrobial activities of the isolated Bacillus spp. grew in 5 different
media for antibiotics production. The test was done against E.coli and S. aureus (+ :
positive, - : negative)
Nutrient
Broth(NB)

10%

of

SS broth

NB

Minimal
Broth

Minimal broth
methionine

No.12

-

-

-

-

+

No.14

-

-

-

-

+

No.17

-

-

-

-

+

-

+

No.25

-

. . {\

~n
- ~'j\J

-

~n~uf

According to the Table 8, only the minimal broth added with methionine was
found to induce the Bacillus spp. samples to produce antibiotics. In the other word, the
methionine is the key for antibiotics synthesize. And Figure 17 show the result of
antibiotics inhibited S. aureus grow. 7 bacteria and 2 molds was use to test its
antibiotics activity, the result was showed in Table 9.

Figure 17. The 72h broth extraction ofNo.14 and No.25 inhibit P. syringae pv. sesaine
grow.
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Table 9. Antibiotic act1v1ty from the 4 isolates of Bacillus spp. from biofertilizer
against E. coli, S. aureus. Salmonella sp .. B. cereus. B. subtilis. P s 1·ri11gac pi: sesame.
S. cffe1·isiae, T reesei and C.gloeosporioides.
E.coli

S.11111< w
0

So/111011cllo

B.cerrn.1·

S.

B.s11htilis

cere,·isioc·

p1-. sesai11e

g/1ic1isporioi1/es

No.12 +

+

+

+/-

No.14 +

+

+

+/-

No.17 +

+

+

+/-

-/+

No.25 +

+

+

+/-

-I-

'=-

l

-

L__~--'~~~L__~~---'-~~~~~~~~~~~~~~~~~~- --

The antibiotics produced by four strains at 48h and 72h showed lllhib11onal effect agallltS the P
syringae pv. sesame grow. And the antibiotics of No.25 and No.17 extract at 48h shown reduced
the growth rate of C. gloeosporioides.(+: consistent positive, -: consistent negative)

From Table 9, isolate No.12, No.14, No. 17 and No.25 can inhibited the growth of

E.coli, S. aureus, P.syringae pv. sesaine and Salmonella but not for B. cereus, B.
subtilis and S. cerevisiae. The antibiotics produced byB. cereus was found from other
work [ 13] to inhibit the B. subtilis and S. cerevisiae under concentration which higher
than 0.1 mg in the media broth and for S.aureus need 0.025mg in the broth, Salmonella
need 0.05mg in the broth. Therefore, the concentration of antibiotics extracted by the
four isolates in this experiment may not high enough to inhibit B. subtilis and C

gloeosporioides. Further research need to concentrate the extract broth to test the
bacteria and mold related to the concentration of antibiotics.
Figure 18, 19, 20, 21 showed that the antibiotic substances were produced both in
exponential and also stationary phase. In this situation, No.17 , 25 produced more
actived compound during stationary phase to inhibit S. aureus or the antibiotics has
more activity to the S. aureus which produced by N0.17, 25. To prove this assumption,
further experiment will need to verify the active components in the media broth using
chemical analysis method such as HPLC.
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Figure 18. Antimicrobial act1v1ty of supernatants from the growth of 4 isolated
Bacillus strains on the growth of E. coli using disc diffusion method. The test was
done directly from the media broth. Negative control was 0.7cm.
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Figure 19. Antimicrobial act1v1ty of supernatants from the growth of 4 isolated
Bacillus strains on the growth of S.aureus using disc diffusion method. The test was
done directly from the media broth. Negative control was 0.7cm.
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Figure 20. Antimicrobial act1v1ty of supernatants from the growth of 4 isolated
Bacillus strains on the growth of E. coli using disc diffusion method. Negative control
was 0.7cm.
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Figure 21. Antimicrobial activity of supematants from the growth of 4 isolated
Bacillus strains on the growth of P. syringae pv. sesame using disc diffusion method.
Negative control was 0.7cm.

Table 10. Antimicrobial activity of supematants from the growth of 4 isolated
B acz11ussp
. v. on the growth 0 f P..synn)!.ae pv. sesame.
P. syringae pv. Sesame.
72h broth
24h broth
48h broth
0.85±0.07ao
0.85±0.07ao
0.70±0.00a
No.12
8
0.80±0.00a
1.10±0.28°
No.14
0.70±0.00
0.75±0.07a
0.70±0.00a
1.15±0.21°
No.17
0.70±0.00a
1.15±0.07°
0.70±0.008
No.25
8
8
0.70±0.00
0.75±0.07
1.05±0.0700
B.cereus
0.70±0.00a
Negative
a, b, c indicated significantly difference in each column are indicated by
different letters. (p~0.05)
Pseudomonas syringae is a rod shaped, Gram-negative bacterium. It is a plant

pathogen which can infect a wide range of plant species, and exists as over 50
different pathovars. [31] Infection with P. syringae usually cause spot on the leaf,
sprout, inflorescence, petiole, caudex and even plant tissue necrosis. Previous
research by Harsh Pal Bais, 2004 [32] shown that B. subtilis can reduced infection
of arabidopsis roots by P. syringae pv. DC3000. And Valestine, 2009 also reported
that Bacillus sp. Lts 40 isolated from shrimp pond can worked against P. syringae
pv. glycines. [33]

According to Figure 21 and Table 10, 4 isolates of Bacillus spp. and B.
cereus showed the antibiotics activity to the P. syringae pv. sesame. Based on

Table 10, Bacillus spp. had more antimicrobial activity during 72h incubation.
Iaolates No.14, 17, 25 and B. cereus showed larger inhibition to the growth of P.
syringae pv. sesame than No.12. But all 5 samples were not inhibit growth of P.
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syringae pv. sesam. at 24h.
The antibiotics produced by Bacillus spp. which was Gram positive bacteria
may has more activity to the Gram positive bacteria than Gram negati ve o ne [27].
From the Figure 18. 19, 20. 21. the sensitivity of the four bacteria to the antibiotics
were described as follow. E. coli > S. aureus

= Salmonella sp. > P syringae pi:

sesame. The antibiotics produced by Bacillus spp. had more sensitive to the E. coli
which is Gram negative than S. aureus Gram positive bacteria. P syringae pv.

sesame which Gram negative bacteria had lowest sensitive to the antibiotics
'

metabolized by Bacillus spp. The bacteria tested with antibiotics including Gram
negative and Gram positive, so it is possible the Bacillus samples can be inhibit
other bacteria also which need to the further research to prove.
The supcrn atants from were also tested for their antimicrobial activity to the
growth of two additional fungal strains, T. reesei and C. gloeosporioides. The T.

reesei is a m old commonly found in soil, while C. gloeosporoides is a plant
pathogenic mold. The inhibition effect was observed during the growth between
24-72 hours
Table 10. Antimicrobial activity of supematants from the growth of 4 isolated

Bacillus spp. on the growth of T reesei (24 hours growth)
T reesei grew for 24h
24h broth
48h broth
72h broth
1
2.83±0.1
Obed
3.10±0. l 2el
3.10±0.08e
No.12
3.00±0. l 3CllC 3.00±0.00aet 2.15±0.1 rb
No . 14
3.1O±O.I4et 2.90±0.08bCcl 2.78±0.1 oaoc
No. 17
2.98±0.1 o"cl 3.15±0.15e
2.63±0.IOa
No.25
B.cereus 2 .98±0. l 3del 3.13±0.15et 2.85±0.06bcd
Negative 2.78±0. l 7abc a, b, c, d , e, f indicated significantly difference in each column are indicated
by different letters. (p ~ 0.05)

*

Table 12. Antimicrobial activity of supematants from the growth of 4 isolated
Bacillus spp. on the growth of T reesei (48 hours growth)
T reesei grow in 48h
24h broth
48h broth
72h broth
.3
5cd
7.38±0
6.65±0.
I 9a
No.12
7.45±0.10°
7.03± 0.!3°c 7 .30±0. J2CCl 6.58±0.25a
No.14
7 .30±0 . I 5c<.1 7 .23±0.26tlCCl 6.88±0.26atl
No.17
7.23±0.30bcd 7 .20±0.20bcd 6.66±0.Ir
No .2 5
7.33±0 . 17cd 6.90±0.27ab
B.cereus 7.45±0.29(1
Negative 6.93±0. l 3ab
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a, b, c

indicated significantly difference. (p :S 0.05)

According to the Table 11 and 12 , B. cereus(24h , 48h broth) , No.14(48h broth),
No. I 2(24h, 48 broth). No. I 7(24h broth) which T reesei grow in 24h and 48h, and
No.25(24h and 48h broth) which T reesei grow in 24h , the colony diameter of T

reesci were significant higher than negative control. According to the Table 11 and 12,
the Bacillus spp. can not inhibit T reesei growth, however, the component of the
supernatant may promote the mold grow. Based on the Hairong Xiong study, the
glucose which is the best carbon source for the T. reesei and some limited element also
can promote the T. reesei grow such as Ca2+ and K+.[28] The media for Bacillus spp. to
produce antibiotics contained glucose 0.2% and K 2PH04 0.1 %, these may not be·
consumed in the first two days of incubation. Therefore, the nutrients may promote T

reesei growth and because the antibiotics produced by Bacillus spp can not inhibit T.
reesei growth,

the T. reesei growth diameter were not significant different from

negative control when tested with fermentation broth from 72 hours that should not
have any more nutrients left.
Table 13. Antimicrobial activity of supematants from the growth of 4 isolated
Bacillus spp. on the growth of C gloeosporioides (24 hours growth)
C gloeosporioides grow in 24h ·
24h broth
48h broth
72h broth
1. 00±0.ooab 1.00±0.00ao
1.00±0.00ao
No.12
1.00±0.00ab
1.00±0.00ab
l .00±0.003 b
No.14
1.00±0.00ab 1.00±0.00ab
1.03±0.06°
No.17
l .03±0.06b o.97±0.o6aCD 1.00±0.00ab
No.25
B.cereus 1.00±0.00"b 1.00±0.00"b
0.97±0.06\~
Negative 1.03±0.06°
a, b, c indicated significantly difference. (p :S 0.05)

*

Table 14. Antimicrobial activity of supematants from the growth of 4 isolated

Bacillus spp. on the growth of C. gloeosporioides (48 hours growth)
C gloeosporioides grow in 48h
24h broth
48h broth
72h broth
2.20±0.00" 0 2.17±0. I 5ab 2.20±0.00ao
No.12
2. l 3±0. l 2ao 2.17±0.0630 2.23±0.06°
No.14
2.20±0. I 7ab 2.07±0. I 2ab 2. l 3±0. l 2ab
No.17
2. l 3±0. l 2ab 2.07±0.12ab 2.07±0. l 2ab
No.25
2.1O±O.J7ab
2.00±0.00a 2.00±0.00a
B.cereus
Negative 2.03±0.06ao
a, b, c indicated si!:,'Tlificantly difference. (p :S 0 .05)

-+-!

Table 15. Antimicrobial activity of supematants from the growth of 4 isolated
Bacillus spp. on the growth of C g!oeosporioides (72 hours growth)
C. g!oeosporioides grow in 72h
72h broth
24h broth
48h broth
1
11
3.03±0.
l
5abc:
3.03±0.06"
2.93±0.12"
No.12
2.93±0.12" 11 3.00±0.1 oahc 3.00±0.1rhc
No.14
3.03±0. l 5"bc: 2.90±0.1 O"@ 3.10±0.00"1x
No.17
3.07±0. l 2abc 3.07±0.06abc 3.10±0.1 oabc
No .25
3.00±0.lOabc
B.cereus 3. l 7±0.12bc 3.20±0.27c
Negative 3.17±0.06bc
a, b, c indicated significantly difference. (p='S0.05)
)L

According to the statistics analysis, the diameter of CD@@ from Table 13
and 15 showed significantly smaller than negative control. So the antibiotics can
resist the C g!oeosporioides growth.
Although these

thr~e

strains not show consistant activity to the C.

gloeosporioides, which may cause by the concentration of antimicrobial activity
which base on the Table 1, and some other factor such as light. Light has a profuse
effect on growth of fungi [29]. The C. gloeosporioides growth under the
constantlight was showed to be higher than in the darkness and alternate cycles of
light and darkness [29]. Based on the previous research, the way that B. cereus and

B. subtilis inhibit mold grow had reported by ZHU JIAN YI, 2008 [21]. The

~

1,3-glucanase and chitinase were found in the B. subtilis, B. licheniformis, B.

thuri11ge11sis. B. cereus and B.pabuli which can antagonistic the

~

1,3-dextran and

chitin which widely exist in the fungal cell wall. And B. cereus and B. subtilis can
cause the mycelium in abnormal structure to inhibit mold grow[21]. Generally
No.25, No.17 and B .cereus show limited inhibit of C. gloeosporioides.

Bacillus spp were used as biocontrol to the plant pathogenic bacteria reported
by ZHU J ian Yi 2008 [21], the fermented B. sub ti !is media showed strong
inhibitory effect to the growth ofthe Alternaria citri, Ceratocystis jimbriata,

A!ternaria so!a11i, Aloe black spot, Fusarium graminearum, Botrytis cinerea etc,.
but weak on C g!oeosporioides. [21]
For the further research, new pair of specific primers should be selected to
verify the speci fie species of the four isolates since the present set of primers was
not able to specify the species of Bacillus spp. In addition, 1 would like to test
more fungi to its antibiotics. And use HPLC to identify the antibiotics peptide and
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quantitative, so we can know peptide better to the plant and other benefit bacteria
in the soi l.

5. Conclusion
55 candidate colonies were isolated from the EM vegetable fertilizer, EM
concentrated fertilizer and soil. Determined by morphological and biochemical
tests based on Bergey's Manual of Systematic Bacteriology, 24 strains were
Bacillus spp candidates. Four of these candidates were selected for sequencing and

identification using 16s rDNA. Within these four. isolates No .12. No.14, No.17
were isolated from the EM vegetable fertilizer and isolate No.25 were from the
EM concentrated. All of them give the positive result in the antibiotics ability
which can inhibit E.coli, Salmonella sp., S. aureus and P syringae pv. sesame
growth and the antibiotics metabolism need methionine as amino acid add to the
media.
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7. Appendix
Appendix A.
Tabl e 15. Data of DNA extraction without Rnasc
OD600nm

N0.11

1.022

OD260nm

0.160

'

OD280nm

Ratio

DNA

OD260/280

µg /µl

0.088

1.81

4.00

0.094

1.81

4.28

1.91

5.45

.
N0.12

0.898

0.171

N0.14

I. I 2 I

0.218

0.114

N0.15

0.7.88

0.187

0.096

1.94

N0.16

1.082

0.165

0.084

l.96

~

J

'.

....

~
~

4.68
4.13

('

~

L

N0.17

1.099

0.122

0.061

2.00

N0.22

1.112

0.153

0.080

1.9 I

3.05

=
3.83
~

..........:

N0.23

1.032

N0.25

0. 982

::

0.197

0.106

1.85

4.93

0.099

0.052

1.92

2.48

1.93

2.90

,_

~

;i·

N0.52

0.939

0.116

~

0.060

DNA concentration (mg/ml) =50 x OD260nrn x dilution time/ I 000
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Table 16. Data of DNA extraction with Rn ase
OD600nrn

OD260nrn

OD28 0nrn

Ratio

DNA

OD260/28 0

µg/µl

NO.ll

l .122

0 .079

0.044

1.79

1.98

N0.16

1.002

0.038

0.021

1.81

0.95

N0.23

0.909

0.053

0.03_0

1.77

1.33

\\J
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Appendix B.
Table 17. restriction enzyme for B. megateriwn J 6srDNA PCR fragment predicted by
NEB cutter V2.0
Site Cut positions
#

:EnzymeSpecificity

i,. ,

I

·~-· - .~I

w

I

!

,-list

436/440

~-·<w•-c

~1-i AflII : c·TTAA.G
,.............L.._____________ J_______________ . - ----------------------------- ··---··
2

I Apal

: G.GGCC~C

3

Apol

R'"AATT.Y

-···---------------------·-------

··-··---·--------·-------·----~--------···-·r··---------------------- --------------------------------··--·--·

!list 1*776/772
!_li_st 518/522
1

I

4

ilist 73/76

, .(N) 5 ~(N) 10 ACNNNNGTAYC(N) 7 .(N) 5 )ist ,627/622+660/655

5

, Bael

6

, BbvCI ' cc·TCA.GC

7

· Bcgl

8

• Bpul OJ cc·TNA.GC

Jist '*600/603
,_
,

' .NN.(N)10CGA(N) 6TGC(N) 1o-NN

.

list ·*887 /885+92 l /919
;list 6001603

.. ---··-·A-·'•••-••·•

CTTGAG(N)14.NN

!list 516/514

Bsgl

GTGCAG(N)14~NN'"

li st 521 /519

11

BsiEI

CG.RY~CG

12

BsmAI GTCTCN ~NNNN.

13

Bsml

GAATG.CN

list 976/974

14

BspEI

T·ccGG.A

list *398/402

15

BsrDI

GCAATG.NN

list 221 /219

16

BsrFI

R·ccGG.Y

list *I 004/ 1008

17

BssSI

c'"ACGA~G

li st 914/918

18

Ord I

GACNN.NN~NNGTC

li st 583/581

19

Ea el

Y.GGCC~R

list *151/155

9

• BpuEI

10

----·-

I

flan (blunt - 5' ext. - 3' ex1

NC

__

96Y ~

111itt1s~

.... ..
-

--

list *741/739
li st 161/165

5I

20

Earl

CTCTTCN .NNN.

list 500/503

21

EcoNI

CCTNN·N~NNAGG

list 188/189

22

EcoOIC RG .. GNC~CY
G.AATT ~C

23 , EcoRI
24

list 7721775
,list 1518/522

i GACGC(N)s •(N)s.

I Hgal
!'

!list 1*605/610

·<--~~~~~~~~~~~~~

25 i PshAI i GACNN:NNGTC
!
. . ······--··-···-·········..-·····--··-·

·--············-·····-:··-·-·

24

;

..

···················-·····-·-······-----····--···-·--·----··-···~····-

······-····-·-··--·····-····- ....... ••••(••·····-··-··-t·-······················-·- ·-········ .... ······-···--··-···-·····---···-····

'list *7721776
·· ·····-·············-·····-----····-·

27
28

...... ········-·-········-·---··-·······-······- .. .

Pstl
SexAl

···- - ·-· .................. ·-··-··-·· ·-········- ..·----·-···· .. ·······--...

.. .............. ·-- --··--· ·-··· ·· ··-·

. C.TGCA .G

........ •.'1

...... ...........

'

r·······

li st '705170 I

I

. (I ...................... ········-

ji

li st '#828/833

A ·ccwGG.T
-·-•

-•••••·-

29 . SfaNI

GCA TC(N) 5 ..NNNN ~

30 · Sfcl

c·TRYA~G

-··---··••·--~---~--

-"·M->o •.-.- .. ~·-· ••

list 0011705

. ____ ., ....

31

SnaBI

TAC:GTA

list *380

32

Sphl

33

Styl

34

Xcml

CCANNNN .N .NNNNTGG

list 980/979

35

Xmnl

GAANN :NNTTC

list 260

'

list 1209/ 1205
list 114/ I 18

J
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Table 18. Restriction enzyme for B, subti/is predict by NEB cutter V2.0

Site Cut positions
Specificity

Enzyme

#

flan (blunt - 5' ext. - 3' e;i.
t

{

list *I 049/1045

Aatll

.l
Acc65I

2

!
...-·---···--- ·r·.. ····· ....
l

3

. ·--·-·

· · ·- · ·~.,

4

I Apol

5

' Bael

6

' Banl

. .... .... .

BbvCI

list *337/341

.

...._.. _...

c~iiii~6----

!AflII
... . . . .

7

. G.GTAC.C

-

-- - -------------- --- --

1- ·

---[1is~

-·4451449--- ----··-

. T

-

i R~AATT.Y

T

...

·-

!list 1527/531

.(N) 5 .(N) 10 ACNNNNGTA YC(N)?.(N llist '636/631 +669/664
ilist :*337/341
CC~TCA.GC
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!

..... ...... ... ..... ..T! ....

8
9

Beg I
, BpulOI

.NN.(N) 1oCGA(N) 6 TGC(N) 1o.NN.

!list '*898/896+932/930

CC~TNA.GC

list '609/612
,Jist 525/523

.. I

10

BpuEI

CTTGAG(N) 14 .NN~

11

BsaHI

-w-,.-·#•·-----·-----..,. •
GR~CG.YC

12

Bsgl

GTGCAG(N)14.NN~

list 530/528

13

BsiEI

CG~RYTCG

list *750/748

14

BsrnAI

GTCTCN .NNNN ~

list 171/175

15

BspEI

T~CCGG.A

list *407/411

16

BsrDI

GCAATG.NN

17

BsrFI

R~CCGG.Y

list *I 01511019

18

BssSJ

C~ACGA.G

list 925/929

19

BstBI

TT.CG.AA

list *815/817

20

BstYI

R ..GATC.Y

list 26130

21

Drdl

GACNN .NN.NNGTC

list 1123/1121

~ ···· · ·· · .•• - --~ -

, ., . ~ ---·--

_ • • .,.._, _

·~·- · ~-··

.

............. - - --.. - ·

~. ,,_.

••·•- · •

-- --~•·

••w • •

··-·

•

list * 1046/1048

l

list 231/229

0

.,....w_,.

_,,,__~

,......, '

'

- - • " ' - ' · "'

-J
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Y.GGCC..R

22

Eael

list *161/165

23

Earl

24

Eco NI

CCTNN ..N.NNAGG

25

EcoO I 091

RG~GNC.CY

list 509/512
list 198/ 199
list :781/784

1

i EcoRI

26

i

1

! Hgal

27
........

~

. . ....

· ·· · - ·~· ---- y --

28

: Kpnl

29

Mlyl

30

Nsil

.. - ..

· · ·11;~~·· -·:3

· ·~v··

~··v~·..W-v~-·

41·;337·----····

·r

list 184
list I 39/J 35

~

Pl el

E~S/r
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·-··· ... ..
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. ilist '*614/619

' GACGC(N)s .(N)s-

-...... -.- .

.

~ ·-
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·--· ·~·--~--··

GAGTCNNNN ..N.
... ·--·---·· ·--· ·

32

. PshAI

33

Pstl

C~TGCA.G

34

SexAI

A·ccwGG.T

'

--·-·

_.

._ ...,

GACNN:NNGTC
i7 l 4/7 l 0
.list
,;

list i#83 7/842

f
'

... .. !

35

SfaNI

GCA TC(N) 5 ~NNNN.

list 124/128

36

Sfcl

C~TRYA.G

list 710/714

37

SnaBI

TAC:GTA

38

Sphl

G.CATG ..C

39

Styl

C ... CWWG.G

list 124/128

40

Taql

T~CG.A

list 815/817

41

Xbal

T~CTAG.A

list 863/867

42

Xcml

CCANNNN .N.NNNNTGG

list 991 1990

43

Xmnl

GAANN:NNTTC

list 270

44

ZraI

GAC:GTC

list *1047

• • • •• • - 0 . . . . . . . . . . . . .

NC

969

o!

fl1i ti °' '6\~

·~·--·

list *389
list 1220/1216

,

~

,_ _.,.-.,,.H

- ~
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Apendix C . Sequencing result of No.12, No. I 4, No. I 7 and No.25.
No.12 sequence
AAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGC AT1AGCTAGTTGGTGAG
GTAACGGCTC ACC AAGGC AACGATGCGT:'\GCCGACCTGJ\GJ\GGGTGATCGGCC AC ACT
GGGACTGAGAC ACGGCCC AGACTCCTACGGGAGGC AGC.AGrAGGGAJ\TCTTCCGC AAT
GGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAA
ACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCT
AACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAG
CGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGA
AAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAG
AGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAG
TGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGC
AAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAG
GGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCCGCCTGGGGAGTACGGC
CGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTG
GTTTAAJ"rCGAAGCAACGCGAAGAACCTIACCAGGTCTTGACATCCTCTGACAACCCTA
GAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCT
CGTGTCGTG.'\GATGTTGGGTT/\J\GTCCCGCAACGAGCGCA/\CCCTTGATCTTJ\GTTGCC
ATCATTTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGA
TGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGT
ACAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGG
ATTGTAGGCTGCAACTCGCCTACATGAAGCTGGAATCGCTAGAATCGCGGATCAGCTGC
CGCG

No.14 sequence

-

r-

ATGGTTCGAAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCG
CATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTG
AGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGG
CAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTG
AGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTGTTAGGGAAGAACAAGTGCTA
GTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGAATTATTGGGCGTA
AAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACCGTG
GAGGGTCATTGGAAACTGGGAGACTTGAGTGCANAAGAGGAAAGTGGAATTCCAT
GTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTT
TCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGA
TACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCC
CTTTAGTGCTGAAGTTAACGCATTAAGC ACTCCGCCTGGGGAGTACGGCCGC AAGG
CTGAAACTC AAAGGAATTGACGGGGGCCCGC AC AAGCGGTGGAGCATGTGGTTTA
ATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAGA
GATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCT
CGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGC AACCCTTGATCTTAGTT
GCCATCATTTAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGG
TGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAA
TGGACGGTAC AAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTC ATAAAACCGT
TCTC AGTTCGGATTGTAGGCTGC AACTCGCCTAC ATGAAGCTGGAATCGCTAGTAAT
CGCGGATCAGC
No .17 sequence
AGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGT
AACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTG
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GGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATG
GACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAA
CTCTGTTGTTAGGGAAGAA CAAGTGCTA GTTG /\ATAAGCTGGC ACCTTGACGGTACCTA
ACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC
GTTJ\TCCGGAATTATTGGGCGTAAA GCGCG CGC 1\ GGTGG TTTCTTJ\J\ GTCTG /\TGTGA/\
AGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGA
GG AA AGTGGAATTCC ATGTGTAGCGGTGAA i\TGCGTAGAGATATGGAGGAACACCAGT
GGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGCGAAAGCGTGGGGAGC A
AACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGG
GTTTCCGCCCTTTAGTGCTGAAGTTAACGCAlTAAGCACTCCGCCTGGGGAGTACGGCC
GCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGG
TTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAACCCTAG
AGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCA
TCATTtAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGAT
GACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTA
CAAAGAGCTGCAAGACCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGA
TTGTAGGCTGCAACTTCGCCTACATGAAGCTGGAATCGCTAGTAATT
No.25 sequence

CGATGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAACGGCT
CACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACT
GAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGA
CGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAA
CTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTAC
CTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTG
GCAAGCGTTATCCGGAATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTC
TGATGTGAAAGCCCACGGCTCAACCGTGGAGGGTCATTGGAAACTGGGAGACTTG
AGTGCANAANAGGAAAGTGGAATTCCATGTGTAGCGGTGAAATGCGTAGAGATAT
GGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACACTGAGGCGC
GAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGA
TGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAG
CACTCCGCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGG
GCCCGCAC AAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTA
CCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTCTCCTTCGGGAGC AG
AGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGT
CCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTTAGTTGGGCACTCTAA
GGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATC ATC ATGC
CCCTTATGACCTGGGCTACACACGTGCTACAAfGGACGGTACAAAGAGCTGCAAGA
CCGCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAA
CTCGCCTACAT
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Appendix D
Table 13. The growth ofNo.12. No.14 , No.17 and No.25 test by OD600nrn
li ou1\o. l ·1
\o. 12
\o. 11
~

0
1
2
3
4
5
6
7
8

9
I0
11

12
24
25
26
27
29
31
32

0.022
0. 0 I6
0.022
0.023
0.054
0.095
0. 133
0. 134
0. J ;)2
0. 159
0. 178
0. 189
0.2
0. 227
0. 229
0. 235
0. 246
0. 241
0. 253
0. 255

0.026
0. 037
0.022
0.025
0.075
0.092
0. 121
0. 125
0. l 1

0. 149
0. I 72
0. 184
0. 205
0. 205
0. 217
0.227
0.228
0.222
0.24
0. 247

0.015
0. 01 5
0.022
0.017
0.066
0.09~

0. 107
0. 138
0.

Fi ~

0. 16
0. ] /L)
0. 187
0. 2
0.395
0.419
0.435
0.448
0.462
0.474
0.47

0. 011
0.01 2
0.01
0.015
0.046
0.097
0. 111
0. 137
0. Hi I
0. 175
0. I~J9
0. 211
0.218
0. 362
0. 382
0.41 2
0.426
0.439
0.453
0. 4.59

0.02
0.007
0.03
0.039
0.064
0. 102
0. 125
0. 144
0. l 3 l

0. 17
(). I)-i;)
0. 191
0. 211
0. 303
0.323
0.34
0. 367
0.408
0. 411
0. 411

\o. 2.1

0.037
0. 008
0.057
0.048
0.066
0. 107
0. 121
0. 148
0. Ititi
0. 181

0. 013
0. 011
0.021
0.031
0.058
0.085
0.097
0. 111
ll. IT1
0. 153

(). 1~JI

(I _ lh~

0. 197
0. 214
0.27
0. 291
0.308
0. 314
0.357
0.371
0. 377

0. 168
0. 187
0. 291
0. 306
0. 349
0. 346
0. 38 1
0.401
0. 408

0. 035
0. 0·1
0.007
0.045
0.074
0. 096
0. 101

0. 128
o. 1 rn
0. 157
0. II LJ
0. 191
0.201
0.326
0. 341
0. 365
0. 394
0.421
0.433
0.441
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Appendix E
Figure 22. Identific ation key from Bergey·s manual.
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Appendix F
Media composition

NA

g/liter
,..,

Beef extract

.)

Peptone

5

Agar

15

Note: Adjust the volume up to 1OOOml by water.
Autoclave at 121°c for l 5mins

Starch agar
Beef extract
Peptone
Starch

2

Agar

15

Note: Adjust the volume up to 1OOOml by water.
Autoclave at 121°c for l 5mins

g/liter

SS media
SS media broth powder

30

Agar

15

Note: Adjust the volume up to I OOOml by water.
Autoclave at 121 °c for 15rnins

9
Minimal media

g/liter

Sodium Phosphate Dibasic

25.6

Potassium Phosphate Dibasic

6.0

Sodium Chloride

1.0

Ammonium Chloride

2.0

Agar

15

Note: Adjust the volume up to 1OOOml by water.
Autoclave at l 21°C for l 5rnins
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MR-VP broth

g/liter

Potass ium Phosph ate

5.0

Casein

3.5

Peptone

5.0

Dextrose

5.0

Note: Adjust the volume up to 1OOOml by water.
Autoclave at 121°c for l 5mins

Improved media for production
antibiotics
Glucose

g/liter
5

NaC l

Mg:S0-1
1

Methionine

0.005
Note: Adjust the volume up to I OOOml by water and PH 7.0
Autoclave at 121°c for l Smins
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Appendix G. Antimicrobial activity of supernatants from the growth of
4 isolated Bacillus strains on the growth of P syringae pv. Sasaine.
1·esult

Duncan
Sub,;ct

name

N

2

3

No.12-ld

2

0.70±0.00

No.14-ld

2

0.70±0.00

No.17-ld

2

0.70±0.00

No.25 -ld

2

0.70±0.00

No.25-2d

2

0.70±0.00

B.cereus-1 d

2

0.70±0.00

Neg<llin~

2

0.70±000

No.17-2d

2

0.75±0.07

B. cere11s-2d

2

0.75±0.07

No.14-2d

2

0.80±0.00

No.12-2d

2

0.85±0.07

0.85±0.07

No.12-3d

2

0.85±0.07

0.85±0.07

B.cereus-3d

2

No.14-3d

2

1.10±0.28

No. I 7-3d

2

1.15±0.2 1

No.25-3d

2

1.15±0.07

Sig.

control

R

1.05±0.07

.199

.071

Ir

o~

~
.,_.

-

rl:=a

1.05±0.07

~

*
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Appendix H. Antimicrobial test with Trichoderma reesei which grow
in 24h.
Duncan
Subset

2

N

I

No.25-3d-24h

4

2.625±0.096

No. 14-3d-24h

4 2.750±0. 173

2.750±0.173

No. I 7-3d-24h

4

2.775±0.096

2. 775±0.096

2 .775±0.096

Negative-24h

4

2.775±0.171

2.775±0. 171

2.775±0.171

No. I 2-3d-24

4

2.~25± 0

B.cereus-3d-24h

4

No. I 7-2d-24h

4

Nn. I-+- I d-2.+ h

.+

No.25-1 d-24h

nan1c

5

-I

3

6

096 . 2. 825±0.096

2.825±0.096

2.850±0.058

2.850±0 058

2.850±0.058

2.900±0.082

2. 900±0.002

2. 900±0.002

2.9."0+0. 1:1')

2 950-: 0. 1:19

2.9."0:Hl.129

4

2.975±0.096

2.975±0.096 2.975±0.096

B.cereus-1 d-24h

4

2.975±0.126

2.975±0.126 2.975±0.126

No.14-2d-24h

4

3.000±0 000

3.000±0.000 3.000±0.000

No.12-1 d-24h

4

3.100±0 .082

3.100±0.082

No. I 2-2d-24h

4

3. I 00±0.115

3. 100±0. 115

No.17-ld-24h

4

3. 100±0.141

3.100±0.141

B.ct'reus-2d-24h

4

3.125±0.150 3.125±0.150

No.25-2d-24 h

4

3.150±0.150

Sig..

,_

.097

. 111

.063

.066

.069

.069
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Antimicrobial test with Trichoderma reesei which grow in 48h.
result

Duncan
Subset

name

2

N

4

3

No. I 4-3d-48h

4

6.575±0.250

No. 12-3d-48h

4

6.650±0.191

No.25-3d-48h

4

6.650±0.173

No.17-3d-48h

4

6.875±0.263

6.875 ±0.263

B.cereus-3d-48h

4

6.900±0.271

6.900±0.271

Negative contrnl-48h

4

6.925±0.126

6.925:LU. I 26

Nn.14-ld-48h

4

7 02'.'±0.126

7.02'.':t-O 126

No.25-2d-48h

4

7.200±0.200

7.200±0.200

7.200±0.200

No. I 7-2d-48h

4

7.225±0.263

7.225±0.263

7.225±0.263

No.25-1 d-48h

4

7.225±0.299

7 .225±0.299

7.225±0.299

No. I4-2d-48h

4

7.300±0.115

7.300±0.115

B.cereus-2d-48h

4

7.325±0.171

7.325±0.171

No. I2-2d-48h

4

7.375±0.350

7.3 75±0.350

No.17-ld-48h

4

7.375±0.150

7.375±0.150

B.cereus-1 d-48h

4

7.450±0.289

No. 12-1 d-48h

4

7.450±0.100

Sig.

.053

.059

.183

63

Appendix I. Antimicrobial test with C. gloeosporioides grow in 24h
res11 It

Duncan

Subset
N

name

2

No.25-2d-24h

3

() 967±0 058

B.cereus-3d-24h

3

0.967±0.058

No.12-1 d-24h

3

1.000±0.00a

1.000±0.00

No. l 2-2d-24h

3

1.000±0.00

1.000±0.00

No. I 2-3d-24

3

1.000±0. 00

I 000±0 00

No. 14-1 d-24h

3

1.000±0.00

1.000±0.00

No.14-2d-24h

3

1.000±0.00

1.000±0.00

Nn. I4-3d-2-lh

3

1.1)1111 ' 11.111)

1.IJlllJ:i. ll .!HJ

3

1.000±0. 00

] .000±0.00

3

1.000±0.00

3

1.000±0 00

3

1.000±0.00

3

1.000±0.00

~

No.17-ld-24h

"'

No. I 7-2d-24h
No.25-3d-24h

Q.

B.cereus-1 d-24h
B. cereus-2d-24h
No. I 7-3d-24h

tfl

3

No.25-1 d-24h

3

Negative control-24h

3

Sig.

ER

*

~
.,_.

-

rl:=a

~
.294

*

1.000±0.00
1.000±0.00
1.000±0.00
1.000±0.00
1.033 ±0.058
1.033±0.05 8
1.033±0.05 8
.294
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Antimicrobial test with C. gloeosporioides grow in 48h
result

Dunc<m
Subset
2

N

nrnm:

B. ccre11s-2d-48h

3

2.000±0.000

B.cereus-3d-48h

3

2.000±0.000

Negative control-48h

3

2.033±0.058

2.033±0.058

No. I 7-2d-48h

3

2.067±0. I I 5

2.067±0. I I 5

No.25-2d-4Rh

3

2.067±0.1I5

2.067±0. I I 5

No.25-3d-48h

3

2.067±0. I 15

2.067±0. I I 5

B.cereus-1 d-48h

3

2. I 00±0. I 73

2. I 00±0.173

Nn. l-+-1 d-'!Sh

\

2.l:\ _H Oll5

2J>li l)11 '.'

3

2.133±0.115

2. I 33±0. I 15

3

2.133 ±0. I I 5

2.133±0.115

~

No.17-3d-48h
No.25- I d-48h

"'

ER

No. I 2-2d-48h

Q.

3

2.167±0.153

2.167±0.153

No. I 4-2d-48h

~

3

2.167±0.058

2. I 6 7±0.058

3

2.200±0. I 73

2:200±0. I 73

tfl

3

2.200±0.000

2.200±0.000

3

2.200±0 .000

No.17-ld-48h
No. I 2-1 d-48h
No. I 2-3d-48h
No. 14-3d-48h

::::>

~

Means f(x groups in homogeneous subsets are di splayed.
Based on observed means.

969

ol

~

1 ~oi'i}'6\1;\~
'>"I~

2.233±0.058
.057

.057

Sig.

The enor tennis Mean Square(Enor) = .OJ I.

~

3

2.200±0.000

GI
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Antimicrobial test with C. gloeosporioides grow in 72h
result
Duncan

Subset
N

n:.Hnc

2

No. I 7-2d-72h

3

2.900±0.100

No.12-1 d-72h

3

2.933±0.115

2.933±0.115

No.14-ld-72h

3

2.933±0.115

2.933±0.115

No. l 4-2d-72h

3

3.000±0.100

3.000±0.100

3.000±0.100

No.14-3d- 72h

3

3 000±0.173

3.000±0.173

3.000±0.173

B.cereus-3d-72h

3

3.000±0.100

3.000±0.100

3.000±0.100

No. I2-2d- 72h

3

3.033±0.153

3.033±0.153

3.033 ±0.153

Nn. 12-Jd- 72 h

J

J tr\ 3::-0 05 R

J o:l\ ±0 05:\

3

3.033±0.153

3.033±0.153

3 .033±0.153

3

3.067±0.058

3.067±0.058

3.067±0.058

~

No. l 7-ld-72h
No.25-2d- 72h

"'

I

No.25-1 d- 72h

Q.

3

3.067±0.115

3.067±0.115

3.067±0.115

No. I 7-3d- 72h

~

3

3.100±0.000

3.100±0.000

3.100±0.000

3

3.100±0. 100

3.100±0.100

3.100±0.100

No.25-3d- 72h
B.cereus-1d-72h

3

3. 167±0.115

3.167±0.115

Negative control-72h

3

3. 167±0.058

3.167±0.058

B. cereus-2cl- 72h

3

3.200±0.265
.109

Sig.

~

NC

.064

969

~

?'J"'"18tl'el~3$~
Cl'

.109

