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Abstract
The bacterial collection consisting of 182 strains was isolated from germinated organic brown

rice cv. Khao Dawk Mali 105 to identify beneficial bacteria enhancing gramma-aminobutyric acid
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(GABA) accumulation in commercial Khao Dawk Mali 105 germinated organic brown rice production.
They were separated into 7 groups based on morphological characteristics. Group 1 was yellow-
white cream transparent colony and filmy. Group 2 was yellow colony and circular. Groups 3 and 4
were orange colony, Group 3 was circular and shiny while Group 4 was convex shape. Group 5 was
white colony, dry, flat, and irregular form. Groups 6 and 7 were white colony, circular, and shiny,
Group 6 was transparent colony but Group 7 was not. A new benefit bacterium strain TU-009 from
Group 5 induced highest GABA production in germinated organic brown rice cv. Khao Dawk Mali
105 with 13.58 mg/100 g germinated organic brown rice compared to among the strains and positive
control, calcium-calmodulin (p = 0.05). The identification of bacterium strain TU-009 using classical
method and 76S rDNA was investigated. The result revealed that strain TU-009 was 100 %
equivalent to Bacillus subtilis. Therefore B. subtilis strain TU-009 has the GABA accumulation
potential in germinated organic brown rice production system as alternative processing or reducing

chemical inducer use.

Keywords: gramma-aminobutyric acid; bacterial identification system; organic farming; reduced

chemical
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Figure 1 Morphology of bacterial colony isolated from germinated organic brown rice cv. Khao Dawk

Mali 105: Group 1 yellow-white cream transparent colony, middle colony raised yellow, and

filmy (A), Group 2 yellow colony, middle colony raised yellow, and circular (B), Group 3

orange colony, circular and shiny (C), Group 4 orange-yellow colony, circular, and convex

shape (D), Group 5 white colony, dry, flat, and irregular (E), Group 6 white transparent

colony, circular, and shiny (F), and Group 7 white colony, circular, and shiny (G).
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Figure 2 Efficacy of beneficial bacteria induced

GABA accumulation in germinated

brown rice. TU-002, TU-009, and

TU-045 are new beneficial bacteria
isolated from this study and calcium

is calcium-calmodulin.
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wuduuafilTosawus TU-009 Jujnsonidu
UINIUNIINaFaY catalase production, urease

test, starch hydrolysis W82 reduced nitrate to

nitite (Table 1) G99 MNWNAMINARIFOAARD
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wuafiSoaewus TU-009 ldduunluszey
lutanadinlwsweisunizuiiam 165 rDNA
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AWIBUINIITININ quﬁw“’uﬁmnﬁml,a:
MAaluwladdrIn 1wz 16 F1WNINTUN N
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feseilddeoIouisuiugudeyalay
luUsunsy BLAST

TU-009 §ittasidudainumiion 100 wWasidud
U B. subtilis AN2 (Table 2)
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Table 1 Characteristics of the beneficial bacterium strain TU-009to induce GABA accumulation”
Characteristics Bacterium strain Comparative strain .
TU-009 Bacillus subtilis TU-Orga1 B. subtilis™
Gram’s stain + + +
Oxygen relationship + + +
Catalase production + + +
Endospore forming + + +
Citrate utilization + + +
Hydrolysis
Starch + + +
Gelatin + + +
Casein + + +
5%Salt tolerance + + +
7% Salt tolerance + + +
Oxidase test + + +
Potato soft rot - 5 -
Ty = 90 % or more of strains are positive reaction, - = less than 90 % or more of strains are

negative reaction.
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z Reference strain from Bergey’s Manual of Determinative Bacteriology 9th Edition (Holt et al., 1994).

Table 2 Nucleotide analysis of beneficial bacterium strain TU-009 compared to GenBank database

by BLAST program

Accession number of Sequence alignment Nearest phylogenetic neighbor
comparative strain (GenBank) | Similarity nucleotide | % identity (genus, species, and strain)
JX860847.1 550/550 100 Bacillus subtilis AN2
KJ628093.1 549/550 99 Bacillus thuringiensis LMA
KJ634852.1 549/550 99 Bacillus thuringiensis CRRI 102
KJ564122.1 549/550 99 Bacillus cereus LLD146
KJ535332.1 549/550 99 Bacillus anthracis HA 523
KJ589505.1 549/550 99 Bacillus mycoides BZB2
167 ngw Usznaudase ﬂq'mﬁ 1 lalafifnfas-
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separated by 0.8
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% agarose gel
electrophoresis. = 1 kb
ladder,
subtilis TU-009 and

TU-Orga1

Bacillus

B.

lanes 1 and 2

lane 3
subtilis (comparative

strain).

4. a‘gﬂ
NIANHIATURINITOBENLATIIUIAIN
AA Aa & A =
wuafsundUselomianfinaznisluiydavas
ﬁwanﬁaaaanw"’ufﬂmmanmﬁ 105 lenanua

182 lalman utsenusnwmelalafinuandronn

130

) A AA
NaY WATAULT UAENGNN 7 Talasi&a17 naw
WASNWLIN I@]mmﬂﬁﬁﬁmﬂﬁuf TU-009 du
a A A oA a A A
NEJ’I‘IiﬂmaGLLUﬂﬂLiEISLuﬂQNY] 5 JazfinFawgs
ﬁq@lumsdom’%wlﬁﬁnné’aoaanw"’ufmwmaﬂ
2R 105  AnsszanniuladSouiisuny
UREREF LTI EY WAL ONAROULNTNLAL
ATIIROUANBHENITILAN LLa:sm”UIuLaqa
wudndusuanisaunsuuan JUasenduuan
lunmInasay catalase production, urease test,
starch hydrolysis LLa¢ reduced nitrate to nitrite
& a & = & A [ .
srunddtdesiTuaaiNNtnUawny Bacillus
subtilis SNBWUS AN2 100 LiloTifud HawIT
. B. subtilis TU-009 8131303 lWalmdasa

LNBMINARATNINRBIIBNNNNNTREFNVBINILN



http://www.ncbi.nlm.nih.gov/nucleotide/425884298?report=genbank&log$=nucltop&blast_rank=1&RID=URS74XF401R
http://www.ncbi.nlm.nih.gov/nucleotide/651231399?report=genbank&log$=nucltop&blast_rank=24&RID=URS74XF401R
http://www.ncbi.nlm.nih.gov/nucleotide/643431435?report=genbank&log$=nucltop&blast_rank=51&RID=URS74XF401R
http://www.ncbi.nlm.nih.gov/nucleotide/648109688?report=genbank&log$=nucltop&blast_rank=29&RID=URS74XF401R
http://www.ncbi.nlm.nih.gov/nucleotide/648092247?report=genbank&log$=nucltop&blast_rank=37&RID=URS74XF401R

171 4 ® ayu7i 2 ® ngwa1AN - F9H1AN 2558

Thai Journal of Science and Technology

1uﬂ‘%mm§ﬂm:ﬁuﬁ 29fUAZEANANTIN

5. naansIndsznd

182009 §1%WnIunaInulunis
CUSIGIS R beET wazuSEnluss Win duaan3
ina LLawauqmquﬁm%aaﬁanmd AMANEN-
aasuazinalwlad W1 INeRsITNAIFAT

6. LONE13919D9

nysoin T PLiesddaun, 2543, 9aT2IN8N
ﬁ'um@a’au, Iﬂiﬂ‘ﬁaﬂWL%Wﬂ’liﬁw‘Wr,
UATINTRN, 94 .

auAnd Tlu, 2528, dunIduazfianyauludu,
lssiaw Inodawmniis, njanwy, 193 w.

NDN wzlEwD, 2526, WTIINLINIER, WD
ANLRBVDUUTIN, 228 .

Baum, G., Lew-Yadun, S., Fridmann, Y., Arazi,
T., Katsnelson, H., Zik, M. and Fromm, H.,
1996, Calmodulin binding to glutamate
decarboxylase is required for regulation of
glutamate and GABA metabolism and
normal development in plants, EMBO J.,
15: 2988-2996.

Bouché, N. and Fromm, H., 2004, GABA in
plants: Just a metabolite?, Trends Plant
Sci. 9(3):110-115.

Champagne, E.T., Wood, D.F., Juliano, B.O.
and Bechtel, D.B., 2004, The rice grain
and its gross composition, pp. 77-107, In
Champagne, E.T. (Ed.), Rice, American
Association of Cereal Chemistry, St. Paul.

Chevrot, R., Rosen, R., Haudecoeur, E., Cirou,
A., Shelp, B.J., Ron, E. and Faure, D.,
2006, GABA controls the level of quorum
sensing in

signal Agrobacterium

131

tumefaciens, Proc. Natl. Acad. Sci. USA.

103: 7460-7464.
Duck, H.P., Mirabella, R., Bronstein, P.A,
G.M., Haring, M.A, Lim, C.K,

Collmer, A. and Schuurink, R.C., 2010,

Preston,

Mutations in y-aminobutyric acid (GABA)

transaminase genes in plants or
Pseudomonas syringae reduce bacterial
virulence, Plant J. 64: 318-330.

Holt, J.G., Krieg, N.R., Sneath, P.H.A., Staley,
J.T. and Williams, S.T., 1994, Bergey's

Manual of Determinative Bacteriology, 9th

Ed., The Wiliams and Wilkins Co.,
Baltimore.

Karladee, D. and Suriyong S., 2012, y-
Aminobutyric acid (GABA) content in

different varieties of brown rice during
germination, Sci. Asia 38:13-17.

Kitaoka, S. and Nakano, Y., 1969, Colorimetric
determination of amino acid, J. Biochem.
66: 89-94.

Li, K. and Xu, E., 2008, The role and the
mechanism of gamma-aminobutyric acid
during central nervous system develop-
ment, Neurosci. Bull. 24: 195-200.

Mead, O., E., B.,
Solomon, P.S., 2013, Characterising the

Thynne, Winterberg,
role of GABA and its metabolism in the
wheat pathogen Stagonospora nodorum,
PLoS ONE 8(11): e78368.

Ngyuen, J.S. and Ooraikul, B., 2008, The

physico-chemical, eating and sensorial

properties of germinated brown rice, Int. J.

Food Agri. Environ. 6: 119-124.

Paucer-Menacho, L.M., Berhow M.A., Mandari-


http://onlinelibrary.wiley.com/doi/10.1111/tpj.2010.64.issue-2/issuetoc

Thai Journal of Science and Technology

171 4 @ a1uii 2 ® ngwn1AN - F9N1AN 2558

no, J.M.G., Mejia, E.G. and Chang, Y.K,
2010, Optimisation of germination time
and temperature on the concentration of
bioactive compounds in Brazilian soybean
cultivar BRS 133 using response surface
methodology, Food Chem. 119: 636-642.
Prathuangwong, S., Preecha, C., Vudhivanich,
S, N. and
Chuaboon, W., 2005, Occurrence and

Kasem, S., Buensanteai,

biological control of cauliflower at
Suphanburi, In The ISSAAS International
Congress 2005, Dec 12-14, 2005, Hanoi.
Radhika, D., Bajpai, V.K. and Baek, K.H., 2012,
Production of gaba (y-aminobutyric acid)
by microorganisms: A review, Braz. J.

Microbiol. 43: 1230-1241.

Satitthampana, P., Chuaboon, W. and
Athinuwat, D., 2012, Efficiency of new
antagonistic bacterium TU-Orga1

enhanced growth and controlled bacterial
leaf blight in rice, Thai J. Sci. Technol. 1:
180-188.
Schaad, N.W., 1988, Laboratory Guide for
Identification of Plant Pathogenic Bacteria,
Bacteriology Committee of American
Phytopathological Society, St. Paul MN.
Shelp, B.J., Bown, AW. and Faure, D., 2006,
Extracellular gramma-aminobutyrate

mediates communication between plants

132

and other organisms, Plant Physiol. 142:

1350-1352.

Shelp, B.J., Bown, AW. and McLean, M.D.,
1999, Metabolism and functions of
gamma-aminobutyric acid, Trends Plant
Sci. 4: 446-452.

Solomon, P.S. and Oliver, R.P., 2002,

Evidence that y-aminobutalic acid is a
major nitrogen source during Cladospo-
rium fulvum infection of tomato, Planta
214: 414-420.

Standard tables of food composition in Japan
(5th Ed.), 2000, Resources Council,
Science and Technology Agency, Japan,
pp. 40-45.

Vongsudin, W., N.
Kerdchoechuen, O., 2012, The biological

Laohakunijit, and
activities of fermented germinated cereals
extracts, Agri. Sci. J. 43: 461-464.

Wu, D.C., Re, D.B., Nagai, M., Ischiropoulos,
H., Przedborski, S., 2006, The inflamma-
tory NADPH oxidase enzyme modulates
moter neuron degeneration in amyotrophic
lateral sclerosis in mice, Proc. Natl. Acad.
Sci. USA., 103: 12132-12137.

Yen, G.C., Chang, Y.C., and Su, S.W., 2003,
Antioxidant activity and active compounds
of rice koji fermented with Aspergillus

candidus, Food Chem. 83: 49-54.



