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SUKANLAYA SARAPAT : IMPROVEMENT OF 1-AMINOCY CLOPROPANE-1-
CARBOXYLIC ACID (ACC) DEAMINASE ENZYME IN BRADYRHIZOBIA
FOR PLANT GROWTH PROMOTION. THESIS ADVISOR : PROF.

NEUNG TEAUMROONG, Dr. rer. nat, 115 PP.

ACC DEAMINASE/DROUGHT/Bradyrhizobium/Oryza sativa/Vigna radiata

Symbiotic nitrogen-fixation is an ability of Bradyrhizobium/Rhizobium by
forming nodules in host legume roots and/or stem, which provide a nitrogen source as
the ammonia (NHs) form to the host plant from nitrogen-fixation process. Moreover,
some bacterial strains in Bradyrhizobium/Rhizobium also produce 1-aminocyclopropane-1-
carboxylic acid (ACC) deaminase enzyme, which can degrade the ethylene precursor,
ACC, converts to ammonia and a-ketobutyrate. Ethylene is a higher plant hormone and
plays a vital role in plant survival when plants encounter unfavorable conditions.
However, the hormone can present negative effects when it is produced in high
concentration. Nevertheless, the significant amount of ethylene production can be
decreased by controlling its substrate (ACC) by ACC deaminase activity contain in
bacteria. Therefore, to improve the efficiency of ACC deaminase activity contained in
Bradyrhizobium sp. SUTN9-2, two methods for improving, genetic engineering and
adaptive laboratory evolution (ALE) based methods, were used. The transfer of a plasmid
containing acdR and acdS into SUTN9-2 was genetic engineering improvement, while the
ALE method was performed based on accumulation of an adaptive bacterial population
that continuously grew in a specified growth condition for a long period of time. The

improved strains succeeded in increasing ACC deaminase enzyme activity as 8.9—fold



in SUTN9-2:pMG103::acdRS and 1.4—fold in SUTN9-2 (ACCDadap) when compared
with the wild type strain. The influences of the higher activity were observed in the host
plant (Vigna radiata (L.) R.Wilczek SUT1). Both improved strains could enhance
nodulation in the early stage of plant growth. Additionally, SUTN9-2:pMG103::acdRS
could also maintain nitrogen fixation in water deficit conditions as well as promote
plant biomass after rehydration. Moreover, the changes of nucleotide and amino acid
in AcdS protein in SUTN9-2 (ACCDadap) were investigated. Some nucleotides were
predicted to be located in the ACC binding site which was mutated. This mutation may
lead to increasing ACC deaminase activity, which enhanced symbiotic interaction and
drought tolerance, as well as have better recovery after rehydration than lower ACC
deaminase activity. Moreover, these bacterial strains also reduce ethylene synthesis,
lead to decreasing membrane destruction and chlorophyll contents in rice (Oryza sativa
L.) when confronted with a water deficit situation. Meanwhile, the leaf relative water
content (RWC), survival and recovery rates were improved as well as crop yield in field
conditions. Therefore, drought stress tolerance in rice and mung bean plants could be
improved by a controlling the ethylene synthesis via the ACC deaminase improvement
in SUTN9-2. Moreover, the SUTN9-2 (ACCDadap) strain can be used as a bio-

inoculant in field conditions to enhance growth, rice yield, and drought tolerance.
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