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Summary of Doctoral Dissertation

Title of Doctoral Dissertation:

Establishment of Genetic Methods in a Symbiotic Nitrogen-Fixing Bacterium Frankia

Name: Kentaro Kakoi

Genetic approach is a general procedure for identification of genes involved in particular biological
phenomena. In this thesis, | attempted to establish methods to realize genetic approach in a symbiotic
nitrogen (N)-fixing bacterium Frankia.

Chapter 1 comprises general introduction and overview of the research. N is an essential element
for all living organisms. N, gas in the atmosphere is necessary to be converted to ammonium when
assimilated by organisms. This process is called “N; fixation” and conducted by N,-fixing bacteria
belonging to eubacteria and archaea. Some No-fixing bacteria establish symbiosis with plants.
Frankia is a Np-fixing multicellular actinomycete which establishes root-nodule symbiosis with
actinorhizal plants. Frankia exhibits many different features with rhizobia but Frankia genes involved
in symbiotic N, fixation are not well-characterized. To solve this problem, I tried to establish genetic
methods in Frankia.

In chapter 2, I described establishment of transformation method of Frankia sp. strain Ccl3. | tried
to transform Ccl3 by electroporation using donor DNAs containing fluorescence-, luminescence-, and
antibiotic-resistance maker genes whose codon usage pattern is similar to Frankia's. The donor DNAs
were tried to be integrate into chromosome by homologous recombination and integrase, or to be
maintained as a plasmid containing replication origin of Frankia chromosome.

In chapter 3, | described generation of protoplast using various cell wall lysis enzymes. As Frankia
is a multicellular actinomycete, | expected use of single cells is effective for isolation of
transformants.

In chapter 4, | described isolation of mutants of Frankia using hyphae. Fragments of Frankia
hyphae were mutagenized and cultivated to arrange cells with identical genotype at the tips of hyphae.
These hyphae were fragmented again and short hyphae fragments expected to contain only cells with
an identical genotype were enriched by filtration with 5-um pores. Genomes of the colonies formed
from the filtered hyphae were analyzed by next generation sequencer. In all of the colonies,
substitution mutations were detected. | isolated mutants defective in N, fixation and pigment
synthesis. These results demonstrated usefulness of our method for isolation of loss-of-function
mutants.

In chapter 5, results of the chapter 2 to 4 were summarized. | succeeded in isolation of mutants. But
stable transformants were not obtained. Therefore, it is difficult to identify genes responsible for
mutant phenotype by complementation with wild-type genes. Nowadays, next generation sequencer,
which can determine whole genome sequence easily, is available. | expect that such responsible
mutations can be identified by comparing the genome sequences of a mutant and revertants.



