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REPORT OF THE DIRECTOR

Masao TAKEUCHI

I. Overview of the IFO’s Activities over Two Years

Since its establishment in 1944, the Institute for Fermentation, Osaka (IFO) has
strongly endeavored to maintain a culture collection for over 56 years with the continuous
financial support of Takeda Chemical Ind. Ltd. The activities of the IFO have developed
year by year. Recently, many governments around the world have provided steady
support for their own culture collections in obtaining, maintaining and using biological
research resource materials. Another result is that a Convention on Microorganisms
Diversity was recently concluded internationally and had a great influence on the tradi-
tional usage and transfer of all materials between researchers around the world.

To improve activities on culture collection, the IFO cooperated in the following
public projects in Japan. Since 1995 the IFO, with the Japan Health Sciences Founda-
tion, has managed a research resources bank for the Ministry of Health, Labour and
Welfare. To reconstruct the IFO data management system, the IFO joined two research
projects; the JST beginning in 1997, and NEDO beginning in 1998, established by the
Ministry of Education, Culture, Sports, Science and Technology (MEXT) and Ministry of
Economy, Trade and Industry, respectively. The NEDO’s project was finished by March
2000. These three projects contributed to facilitating computerization and restructuring
experimental equipments as well as improving the financial standing of the IFO.

To establish the IFO data management system, the IFO started to construct a
computer networking system using a client-server to increase the efficiency of data
management using the Internet, E-mail and common files on servers in 1998. Until the
end of the 2000 fiscal year, the Home Page of the IFO was on the web site (http://www.
ifo.or.jp). The database of biological research resource materials in the IFO (IFOBRDB)
was constructed on the data base servers. I will describe the IFO data management
system in a later section.

In the past two years, the IFO has supported two public projects; one was a memorial
project to store microorganisms in the Time Capsule at the Expo’70, and the other was
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joining the OECD task force project. I will also describe these projects in the later
sections.

The financial situation of the IFO deteriorated between 1991 and 1995, but as a
consequence of reorganizing the management, the situation has improved. Since 1995,
the IFO has continuously shown a surplus and also expects to do so in 2000. The IFO
has been in many researcher’s confidence for half a century as a result of distributing many
research resources to biologists. Recently, the financial supporter (Takeda Chemical
Industries Ltd.) of the IFO announced that amount of annual donations will decrease to
125 million yen in 2001 and to 75 million yen in 2002. Because the work of the IFO is
not always profitable, if the IFO loses financial support, it will be unable to operate. The
IFO will have to be severe with economic management or will be in a so called “Endan-
gered Culture Collection”. In Europe, culture collection has over 100 years of history
and over 75 years in the USA. In Japan the 56 years history of the IFO, however, is about
to collapse. Why can’t Japanese society understand the exact significance of such the
activities of culture collection? Our mission is to keep the “Cultural Wealth” of the
17,000 strains stored in the IFO until the next-generation of researchers can benefit from
then. I appreciate Dr. Cypess’s proposal, the director of ATCC, that the ATCC will be
available for co-operation with the IFO on the management of the IFO culture collection.
The Dr. Cypess’s proposal indicates the activities of IFO have internationally contributed
to development culture collection for long period. We should consider every alternative
options for survival of the IFO. In this report, I will outline the activities of the IFO over
the past two years, and then describe the three special events in sections II to IV, which
the IFO faces.

II. Conventional ordinary report

1. Personnel Affairs

At the 109th meeting of the Board of Trustees in June 1999, Dr. Kanji Meguro of
Hamari Chemicals Ltd. was nominated as a councilors from June 1999. Dr. Masao Isono
and Dr. Taiji Oshima were nominated as auditors at the 108th meeting of the Board of
Trustees in March 1999, and at the 109th meeting in June 1999, respectively. Mr. Ryohei
Kizaki and Dr. Toshio Miwatani retired as auditors in March and in June 1999, respective-
ly.

Mr. T. Nishii and Mr. K. Mikata retired on July 1, 2000 and on January 20, 2000,
respectively. Dr. Touho Yoshida and Ms. Akiko Kuroda moved to the Japan Health
Sciences Foundation on December 1, 2000 and November 1, 2000, respectively. The IFO
is grateful to then all for their dedication while working for the institute.

The new treasurer of the institute, Dr. Masanori Yoshida, joined the IFO in April
1999 and was appointed treasurer on April 1, 1999. Dr. Uchino and Ms. Mika Sugimoto
joined the bacteria group and the yeast group on April 1, and February 1, 2000, respective-
ly.

2. International Meetings
The staffs of the IFO have attended international meetings during the past two years,
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presented scientific papers at these meetings and promoted mutual cooperation among
collections around the world.

Dr. A. Nakagiri attended the 7th International Marine and Freshwater Mycology
Symposium in Hong Kong in July 1999, and presented a paper on “Ecology and diversity
of halophytophthoras”. Tad. Ito and A. Nakagiri attended the symposium, and presented
a paper on “Mycoflora of the rhizospheres of Japanese mangrove trees”.

Mariko Takeuchi and K. Hatano attended the 9th International Congress of Bacteri-
ology and Applied Microbiology in Sydney in August 1999, and presented a paper on
“Proposal of the genus Sphingomonas sensu stricto and three new genera based on the
analysis of 16S ribosomal RNA sequence and polyamine profile”.

Dr. T. Tamura attended the Ist International Conference on Biology of
Actinomycetes under Extreme Environments in China in August 1999, and he presented
a paper on “Establishment of taxonomic status of the strains belonging to invalidated
genera of the order Actinomycetales”.

Mr. T. Tamura and Dr. K. Hatano attended the 11th International Symposium on the
Biology of Actinomycetes in Greece in October 1999, and presented a paper on “The
phylogenetic structure of the genus Actinoplanes”. Dr. K. Hatano, et al. attended the
same symposium, and they presented a paper on “Proposal of a new criterion for identifi-
cation and classification of Streptomyces species: gyrB sequence”.

A. Nakagiri and Tad. Ito et al. attended the 9th International Congress for Culture
Collection in Brisbane in July 2000, and presented a paper on “Comparative biodiversity
of fungi inhabiting tropical (Thailand) and subtropical (Japan) mangroves”. Dr. K.
Hatano et al. attended the same symposium, and presented a paper on “Classification and
quality control of Streptomyces species by gyrB-based phylogenetic analysis”. Masao
Takeuchi and T. Yoshida et al. attended the same symposium, and a presented paper on
”In vitro proplatelet formation of megakaryocytes generated from human cord blood CD
(+) 34 cells”. Drs. Y. Nakagawa and K. Hatano et al. attended the same symposium,
and presented a paper on “L-drying method for preservation of bacteria in Institute for
Fermentation, Osaka (IFO)”.

Drs. 1. Okane, A. Nakagiri and Tad. Ito attended the Asian Mycological Congress
2000 in Hong Kong in July 2000, and presented a paper on “Identity of two major
endophytic ascomycetes of ericaceous plants”

3. Collection and Publications

The total number of cultures stored in the IFO culture collection reached 16,150 at the
end of 1999 and 16,344 at the end of 2000. The newly accepted strains for each year are
listed in the present issue of the IFO Research Communications in 2001. The total
numbers of cultures distributed from the IFO culture collection were 7502 in 1999 and
8,072 in 200Q. Of these, 404 and 310 strains were distributed abroad in 1999 and 2000,
respectively.

The IFO Research Communications, No. 19 was published in March 1999, and the
IFO List of Cultures, Animal Cell Lines, 6th edition, was published in March 2000. The
catalog detail about 200 animal cell lines. The manuscripts for the catalogues were
prepared with photographs of each cell lines and edited from the database stored in the



4 Masao TAKEUCHT

animal cell section of the IFO culture collection and processed by Drs. Touho Yoshida

and Motonobu Satoh. Furthermore, the same full documents as in the catalogs of

Animal Cell Lines and Microorganisms are shown on the website for animal cells and

microorganisms on the IFO Home Page (http://www.ifo.or.jp). The IFO List of Cul-

tures, 11th edition, Microorganisms, was published in January 2001. A CD-ROM

catalogue of microorganisms was prepared with a special search system in January 2001.
4. Finances

Since the establishment of the IFO culture collection, Takeda Chemical Industries,
Ltd. has promoted IFO activities by providing over 56 years of continuous financial
support. The financial standing of the IFO over the past five years is summarized in
Table 1, and shows the annual income and expenses of the IFO for each fiscal year for
1995 to 1999. , .

Takeda Chemical Industries Ltd. has continued to provide support for the IFO with
annual donations of ¥175 million (¥195 million in 1995). “Interest and Dividends” is
income acquired from a ¥10 billion endowment. “Cultures” indicates income acquired
from the distribution fees for cultures. “Other services” includes income from commis-
sion of patent deposits or safety deposits. “Grants and Contracts” refers to a contract
with the Japan Health Sciences Foundation for the management of the HSRRB bank and

Table 1. Closing Accounts of IFO

(100 thousand yen)
FISCAL YEAR 1995 1996 | 1997 1998 1999

INCOME Donations 1,950 1,750 1,750 1,750 1,750

Interest & 550 570 598 825 905

Dividends

Grants & 170 100 100 105 588

Contracts

Cultures 537 550 482 576 466

Other 234 197 175 172 211

Services

TOTAL 3,441 3,237 3,110 3,428 3,921
EXPENSES [ Personnel 2,439 2,110 1,820 1,746 1,922

Expenses

Supplies 316 214 352 682 1,489

Facility 398 375 278 239 372

Maintenance sithe

Expenses

Other 267 101 88 218 136

TOTAL 3420 | 2,800 2,538 2,885 3,919
BALANCE 21 437 572 534 2|
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with the MITI for the long-term preservation of microorganisms in Japan. “Supplies”
refers to expenses for the purchase of expendable supplies and equipment. “Facility
Maintenance Expenses” is composed of expenses related to renting the facilities used by
the IFO and paid to Takeda Chemical Industries Ltd.

The main cause of the decrease in annual income from 1991 to 1994, was a fall in the
interest acquired from the endowment of ¥10 billion due to a reduction of the official rate.
Since 1995, the fall in the interest seems to have stopped.

The IFO’s expenses continued to increase by ¥10-15 million annually from 1991 to
1995. Increasing personnel expenses were the major contributory factor. A deficit
occurred in 1992, reaching ¥43.8 million in 1994, as shown in the previous director’s
report in 1996. The main decrease in the expenses of 1996 was obtained by reducing
personnel expenses, because employee numbers decreased to 60% of those in 1994. In
fiscal year 1995, the budget showed a ¥2.1 million Surplus as a result of increased income
and decreased expenses, and was followed by ¥44 million, ¥57 million and ¥53 million
in 1996, 1997 and 1998, respectively.

Culture collection has one particular characteristic, which may not necessarily be
adapted to the economic principles of private enterprise. The IFO is the only privately
supported, non-profit public service culture collection in the world. Government
finances have supported some of main domestic and foreign culture collections for a long
time. Therefore, intense competition between culture collections has increased. There-
fore, in order to improve the IFO’s activities we hope that a major financial supporter and
the board members will show continued support in the future. At the same time, we
should evaluate our attitude and ability in the field of culture collection.

Visitors

The IFO has welcomed a number of foreign visitors over the past two years. Some
of these gave lectures or seminars. The titles of their informative speeches, below, had a
great impression on us.

Dr. C. Kurtzman, NRRL, USA, on February 22, 1999. “Rapid identification of
yeast by molecular methods and the use of molecular data for systematics”.

Dr. N. L. Dung (Vietnam National Univ. and P.Van TY (National University of
Hanoi), on February 9, 1999.

Dr. G. D. Castro-Bernas, Philipin Univ. on March 12, 1999, “A summary of the
different biomolecular researches that are being done in my section”

Dr. Che Nyorya, Malaysia Univ., Dr. Dung and Dr. Ty (Vetonum Univ.), on March
5, 1999.

Dr. Judit Lehocki (NCIAM, Hungary), on October 26, 1999, “History and research
activity of National Collection of Agricultural and Industrial Microorganisms”.

Dr. Leka Manoch (Kasetsart Univ.), October 28, 1999, “Ecology and distribution of
microfungi in Thailand”.

Dr. Puspita Lisdiyanti (Indonesia Institute of Sciences), on June 28, 2000, “Systematic
study of acetic acid bacteria”.

Dr. P. A. R. Vandamme (Univ. Ghent, Belugium), on October 26, 2000, “Polyphasic
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taxonomy in practice”.

Hansjorgg Prilinger (Univ. Bodenkultur, Austria), on November 2, 2000, “Molecular
phylogeny and systematics of the fungi with special reference to the Asco- and
Basidiomycota”.

III. Time Capsule at the Expo’70

To commemorate of Expo’70 held in 1970 in Osaka city, a time-capsule was stored
under Osaka Castle. In the capsule several thousand industrial products and many other
goods such as radio, photographs, medicines, etc. were stored. Three microorganisms
were provided for storage in the capsule by the IFO. These microorganisms are useful for
the food industry. '

Aspergillus oryzae TFO 4290, Penicillium roquefortii IFO 5754, and Bacillus natto
IFO 13169 from the opened capsule, were cultured in each appropriate medium on July
3, 2000 by Mr. Tad. Ito and Dr. Mariko Takeuchi. The cultivation conditions are
indicated in Table 2. The three ampoules prepared in 1970 were prepared by a freeze-
drying method. The three microorganisms from the capsule were active, and viable cells
of Aspergillus oryzae, Penicillium roquefortii and Bacillus natto were 2.4 X104, 1.7 10°

Table 2. Media and Culture Conditions
Media Aspergillus oryzae, Bacillus natto
Penicillium roquefortii
Count of No. 108 medium. No0.802 medium,
Viable cells | 25°C . culture for 2 days 30°C. culture for 1day
Acceleration | 37°C. 30days 37°C. 2 weeks
test
Suspension 3.0% Na-Glutamate 3.0% Na-Glutamate
medium 0.01% Actocole 1.5% Adonitol
0.1M Phosphate buffer 0.05% Cystein-HC1
pH 7.0 (0.1M phosphate buffer. pH7)
Recovery No. 707 medium: No. 702 medium:
medium 0.5% peptone 1% Polypepton
0.3% Yeast extract 0.2% Yeast extract
0.1% MgSO,* TH,0 0.1% MgSO,-7TH,0
pH 7.0 pH7.0
Culture No. 108 medium No. 802 medium
medium 1% glucose 1% Polypepton
5% peptone,0.3% yeast extract 0.2% yeast extract
0.3% malt extract, 0.1% MgS04-7TH20
1.5% agar 1.5% agar
pH 5.6 pH 7.0

Suspension medium: A medium for suspending the cultured material before preparing
the dried material. Recovery medium: A medium for suspending the dried material in

ampoules.
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and 2.0 X 105, respectively. On July 21, 2000 these three microorganism ampoules were
prepared again for restorage in the Time Capsule. The new preparations (Figure 1) by
the L-drying method were contained in 1.0 X 107 Aspergillus oryzae, 1.9 X107 Penicillium
roquefortii, and 4.8 X 107 Bacillus natto, and each viable ratio of the three preparations
after accelerated preservation test was 30, 18 and 52% as shown in Table 3, respectively.
The Time Capsule project plans to open the capsule 100 years later. The appropriate
experimental conditions for the examination of the cultivated microorganisms in the
ampoules stored in the Time Capsule on November 23, 2000 (see page 16) are shown in
Table 2. When the capsule is opened again in 2100, we hope a researcher of the IFO
continues the maintenance of these 3 microorganisms, according to our description in
2000.

The IFO prepared L-dried microorganisms for long-period storage in the Time
Capsule or in cold room at the [IFO. We have assumed the microorganisms will be viable
after 30 years from the results of the accelerated preservation tests. After 100 years the
IFO will estimate the viability of microorganisms stored by the two methods.

Table 3. Viable Cell Counts of the Three Microorganisms

Recovered Newly prepared
from capsule Before accelerated | After accelerated | Ratio
preservation test preservation test
(CFU/Ampoule) (%)

Aspergillus oryzae 2 4x10* 1.0x107 3.0x10° 30
IFO 4290
Penicillium
roquefortii IFO 5754 1.7x10° 1.9x10’ 3.5x108 18
Bacillus natto
IFO 13169 2.0x10° 4.8x107 2.5x107 52
Method of preparation | Freeze drying L-drying

Aspergillus oryzae 1FO 4290
Penicillium roquefortii IFO 5754

Bacillus natto 1IFO 13169

Fig. 1. L-dried microorganisms stored in the Time Capsule.
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III. Answers to the OECD Task Force Questionnaire on BRCs

The OECD decided the task force groups to discuss the global problems related to the
development and establishment of a biological resource center (BRC) in each nation of the
world. To realize and understand the present economical conditions of a BRC in each
nation, the task force groups gave a questionaire to eleven typical culture collections
(synonym of BRC) in the world. The IFO received the questions in March 2000 as the
representative organization in Japan. The questions (in italics) of the task force groups
and the answers of the IFO are as follows:

Questionnaire and Answers-General
1. What do you perceive as the most important challenges to the activity and
maintenance of BRCs?

To secure biological resources for academic and industrial uses in a state of advanced
quality control over a prolonged period and to make them available to researchers in any
country of the world.

2. What strategies do you have in place locally, nationally and internationally to
meet those challenges?

We are collecting information concerning highly useful biological resources through
the networks of various scientific associations such as the Japan Society for Culture
Collections. We also evaluate the taxonomy of biological resources in our safekeeping by
their subculturing and we examine the state of their contamination by other living
organisms. In other words, we perform sufficient quality control of the biological
resources, and provide them and information about them through the catalogues and our
website. We also investigate the inventory of microbial strains (bacteria, fungi) in Japan,
isolate and collect microbial strains, and classify and identify them to increase and
improve our stocks of microbial strains. We also have joint research projects with
overseas BRCs for the same purposes.

3. Do you see the role of BRCs changing in the next decade?

We do not think that the basic activities of BRCs will change. However, their
activity patterns will change with the diversification of the research resources to be
handled. Beyond the borders of the countries in which BRCs are located, new BRC
groups will be formed in regions such as America, Europe, and Asia. In each of these
regions, resources will be shared, and management methods suited to the unique situation
of the region will be established. Problems such as the differences in the economic level,
differences in the acquisition price due to the imbalance of the exchange rate, and
geographic handicap for procurement of resources will be discussed in each region. The
roles of the regions in the world, roles of national BRCs in each region, and division of
work and responsibility among them will become clearer.

4. What are the requirements to meet this changing role across the globe?

Operations of BRCs in different countries must be linked, i.e. resources must be
shared, communication among researchers promoted, and joint research projects power-
fully progressed among BRCs internationally.
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5. What strategic alliances are needed for sustainability? Are they truly desirable?
Biological resources must be defined as assets of common global ownership. The
necessity of conservation operations must be appealed at the UNESCO and UN levels.
The government of each country must be obligated to provide financial support to BRCs
that are engaged in sharing operations.
6. What is needed for the preservation and potential exploitation of the expanding
biodiversity? How can those requirements be met?

It will be important to evaluate joint ownership and disclosure of biological
resources, information concerning them (genetic resources, information concerning
genetics and biology, etc.) and work sharing of preservation operations on the global level.
The preservation of all of the diverse biological resources by a single nation or a single
organization is impossible. A BRC specializing in the preservation of biological
resources must be established in each country, and a system for supporting such BRCs on
the global level must be created.

Eight Special Questionnaire and Answers, - Special

1. Define the nature, activity, and role of your BRC in terms of size (collection,
staffing, facilities), breadth of mission, and foreseen changes with respect to its
primary and essential functions. (In responding, please consider the extent of
national and international collaboration, requests and distribution, and how
Sfuture requirements for networking will be met.)

IFO preserves around 16,000 strains of biological resources and has a staff of 18
(including 14 researchers). The biological resources handled at the IFO are bacteria,
yeasts, molds, bacteriophages, and animal cells. The IFO distributes about around 8,000
strains annually, about 5% of which are distributed to foreign organizations. We preserve
80% of our biological resources by the liquid-drying method, which allows long-term
preservation without changes in their biological properties. The rest of our biological
resources are preserved by freezing (—80°C, or —150°C to —190°C). We have confirmed
that each strain can survive for over 30 years without subculturing.

At the IFO, an appropriate system must be organized under the CBD for the
procurement and distribution of strains established abroad. Providing and improving the
service of classification and identification of biological resources and campaigning for the
acquisition of the position of an international patent deposit organization based on the
Budapest Treaty will be required to perform procedures related to the preservation of
strains entrusted for patents in the IFO (Presently, The IFO belongs to EPO). Multiple
patent deposit organizations are needed in Japan as in major foreign countries for the
convenience of the users.

2. Define current sources of funding, their reliability, and how future funding
requirements will be met. (Please include details of any charges levied for
accession or access to items, and how the imposition of charges influences policy
and quality of service.)

Of our funding, about 50% is from donations, 20% is income from the basic assets, 20%
is income from the fees for the distribution of strains and for services, and 10% comes from
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a grant contract with the government. Since it is difficult to anticipate increases in
donations, we will try to increase the income from fees for distribution by increasing the
value-added biological resources. The fee for distribution of a strain is 4,000 yen for
public research organizations and 8,000 yen for private research organizations. Distribu-
tions are also made at the same fees to foreign institutions. For researchers at domestic
universities, 4,000 yen is a reasonable charge for a strain. Distributions of strains among
BRCs are made free of charge. We maintain an exchange system with domestic and
foreign BRCs. Providing biological resources to researchers free of charge is not consid-
ered to be appropriate for improving the quality of a BRC. Researchers offered biologi-
cal resources on payment strictly evaluate the biological quality of the resources provided
and complain to the BRC if they find it questionable. These complaints are valuable
information for the BRC. The BRC is compelled to reexamine and reconfirm the quality
of the biological resources in question, leading eventually to improvements in the quality
of its collection of biological resources.

We offer no special service to our sponsors because of their contributions. The IFO
provides its services impartially to all researchers.

3. Describe how quality assurance and quality control are applied and maintained.
(Include details of accreditation, customer service response, and the numbers of
complaints.)

The IFO performs agreement tests with the species names in the literature, and
identification of the species by morphological observation under a microscope and by gene
analysis (analysis of base sequence, analysis of DNA by the RAPD method, and other
methods) at subculturing. We collect information including research presentations con-
cerned with the holding research resources, and accumulate biological information
updating our taxonomic information such as changes in species and scientific names.

In response to inquiries from the users, we provide information concerning the state
of presence and keeping of the strains, their culturing methods, properties, and literature.

Information concerning changes in species names is distributed through the IFO
Research Communications, which is published every two years, or the IFO List of Culture
(catalog), which is published every 4 years, and is on the website. We receive a few (two
to three) complaints per year concerning the contamination of the distributed biological
resource by other organisms. In such cases, the IFO repeatedly performs re-identification
of the taxonomy and contamination tests of the biological resource in question. The
results sometimes indicate errors on the users’ side. If the errors are the IFO’s, we newly
procure the same strain from other culture collections, their original depositors, or
researchers who have isolated and identified them, and preserve the renewed stock. We
send the new strains to the users who have made the complaints and distribute this
information to other users.

4. Describe your current activities and infrastructure (staff, etc.) for technology and
research, existing and projected integration with information technology, and your
strategy for development. (Include details of R&D, education and training,
requirements for specialists, and the need for expertise relevant to BRCs.)

The IFO assigns 2-3 researchers or taxonomy experts with PhDs. to each of the fields
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of biological resources (bacteria, actinomycetes, yeasts, molds, animal cells). The experts
in each field are taxonomy researchers and have some knowledge of the technology of
bioinformatics. Most researchers in the IFO major in microbiology, cell biology or
molecular biology, and have Ms. or PhDs. They work actively through writing research
papers and making presentations to many research societies. We hope not to be techni-
cians but rather researchers operating and managing the collection, quality control,
preservation and distribution of biological resources. In the past ten years, three
members have moved to domestic universities as professors or associate professors.

The IFO has a facility that can handle level 2 biohazards, a facility that can handle
level P2 DNA recombinants, a low-temperature preservation room (4 or 15 C), an L-dry
preservation room, and a room for the preservation of frozen ampoules in liquid nitrogen.
Our facilities are equipped with most instruments and devices needed for taxonomic
studies (instruments for chemical analysis, DNA analysis, and morphological examina-
tion) and we are currently acquiring instruments for bioinformatics.

The work to construct a database concerning its holdings and the website on the
internet are being carried out, to improve the techniques of ail research staff members
related to bioinformatics through these works. It is also advancing joint studies with
overseas researchers at other culture collections to develop international cooperation
among researchers on biological resources.

5. How are bioinformatics and related systems utilised with respect to your hold-
ings? (Include details of the extent and ease of access, and the quality of
information and support. How will the impact of IT change the service with
respect to integration and networking —- between live collections and databases,
for example —— and to the need for improved technology and staffing expertise?)

The IFO has created a database of about 16,000 strains of biological resources in its
holdings. Concerning about 10,000 of them, the data of which can be disclosed to outside
researchers, the website was arranged on the internet so that the users can read, search, and
ask for the distribution of biological resources. Since the database and the website of the
IFO are synchronized, the users can always access the latest information. A system that
allows more detailed searches and is more convenient is being prepared.

We would like to hire an expert in bioinformatics as a researcher in the future.

6. What are the extent and nature of existing strategic alliances and co-operative
agreements in the context of national and international networks? (Include
details of how such alliances will be developed to meet the future needs of
BRCs.)

The IFO has cooperated with other BRCs through the system of mutual exchange of
biological resources. This system will be maintained in the future. To further
strengthen the cooperation, preparations are being made to share databases among
domestic BRCs. Internationally, the IFO is conducting joint research in the areas of
isolation of microbial strains from nature, their identification, characterization and
preservation. Closer and more concrete international collaboration and joint operations
are needed in the future.

7. How are biodiversity, specialisation and representation covered? W hat strategy do
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you have in place for representation in the light of exploration and exploitation?
(Include details of how accession policy and access to holdings [strains, variants,
libraries, clones or databases] might be restricted, and the rationale for
maintaining or discarding material. s there any intention to preserve mixed,
biodiverse environmental samples and databases beyond the typical collection of
pure, whole cells?)

The basic operation of the IFO is to hold microbial strains with scientific names and
biological resources with added values about which such information as biological
properties is available. With the exception of strains maintained on a contract such as
patent deposits and strains in the process of quality control, the IFO opens all strains and
their catalogue information to the public. However, detailed taxonomical information is
not released. Strains that are taxonomically questionable and those with qualitative
problems are discarded unless they have been distributed within the past 5 years. Those
that have no quality control problems are maintained over a long period even if there has
been no instance of distribution during the past 10 years. Strains that have high added
economical values might be managed for a short period and used at each research
organization (laboratories at universities and business firms). We consider that a BRC
should perform the operations of isolation, quality control, preservation, and distribution
of biological resources of scientific values in the longer perspective. We are making
efforts to acquire new microorganisms from nature in Japan and abroad to increase the
diversity of our microbial collection, active in taxonomical studies.

The IFO, with the current research staff and organization, has no capacity to be active
in preserving “Mixed, Biodiverse Environmental Samples and Databases”. However, we
consider that we should act as a consultant in the planning of research by venture
businesses and researchers of private firms, cooperate in the planning of basic research at
universities, listen to requests to BRCs, and aggressively participate in new projects as long
as they are useful for the essential activities of the BRC.

8. Are the public currently aware of BRCs? Do they accept that BRCs are
necessary? Do they place any importance on biological resources in general?
(Include details of how accession policy and access to holdings [stains, variants,
libraries, clones or databases| might be restricted, and the rationale for
maintaining or discarding material. Is there any intention to preserve mixed,
biodiverse environmental samples and databases beyond the typical collection of
pure, whole cells?).

We consider that researchers in general understand the necessity of BRCs, recognizing
that biological resources are the basis for biosciences and have contributed to the
development of science. However, researchers engaged in the most advanced research
have no time to preserve biological resources while they may understand the importance
of the constant accessibility to them. The public interest in the protection and preserva-
tion of living organisms including microorganisms as genetic resources appears to be
growing due to their increasing awareness of environmental problems and the possibility
of their future utility. Furthermore, the presence of highly effective BRCs is undoubtedly
necessary for the development of science in a country. It is also obvious that any single
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country or organization cannot integrate the preservation of all living biological resources
or those being used in the country, given their diversity. Therefore, international mutual
support of BRCs is clearly needed. Although many “Libraries of books” are established
and managed on the national level, the development of BRCs, which may be regarded as
“Libraries of Life”, has been delayed. National policy makers and researchers in general
must better recognize these facts. The industrial world also should not simply go after
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14 Masao TAKEUCHI

immediate profits but extend financial support for developing organizations that preserve
biological resources (BRCs), which provide the basis for industrial activities.

IV. Establishment of an IFO Data Management System

The establishment of an IFO data management system has been an important problem
over the last ten years in our institute. Dr. lijima (IFO Res. Common. 17, 44, 1995)
created a prototype database of the IFO strain data in 1984 by use of an IBM/23 computer.
Since then, information technology has developed greatly. We have been tackling this
difficult problem since 1997.

In 1997, to establish an IFO data management system, the IFO constructed and
established a computer networking system using a client-server to increase the efficiency
of data management using the Internet, E-mail and common files on servers. At the
beginning of the construction of the IFO BRDB (Biological Resources Data Base), some
IFO researchers proposed the following.

1) The IFO BRDB should consist of all the data on strains preserving in the IFO,
including picture data and form-attached data in addition to the text-filed data.

2) The IFO should collect useful data from outside researchers and distribute the data
collected and modified by the IFO to outside researchers conveniently.

The administration staff had the following requests. The IFO should:

1) manage data of all strains including newly inputted data and storage data,

2) manage whole data with relation to the distribution of strains,

3) manage whole data keep secret,

4) store and arrange the many IFO-formed documents or files,

5) prepare the manuscripts of the new catalog automatically, and

6) renew the Internet Homepage of the IFO automatically.

As a result of the above requests, the IFO constructed the IFO BRDB Data
Management System. The new Home Page of the IFO set up on the web site (http://
www.ifo.or.jp) in 2000. On the Home Page, the database of biologioal research resource
materials of the IFO (IFO BRDB) has been constructed. At the end of 2600, a new IFO
Network System was completely established. A outline of the IFO Data Management
System is in Figure 2. The two new catalogs (List of cultures, 2000, Microorganisms or
Animal Cell Lines), CD-ROM catalogue and Internet Homepage, etc. are the results.

Professor emeritus Dr. Toshio Miwatani, auditor of the institute, passed away on March
23, 2000. He made many great contributions to the development of the Institute for
Fermentation, Osaka. Qur heartfelt condolence is extended to the bereaved.
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IRAREEFT B S R OO BIE 25 Z L 1R, BEREOEM2EEMICHET L 726
R, ELOTEFERDEH L-EEAD 2 REEEORE CHEENB LS ko7,
1972 4 (FEA0 47 4F) b E R ZRERMEFMBEHA EEEEFR I HREMEES » 5 D8
BT, THRERVEZEBRC X 5WMEYOREFE] 27—~ CHXOMEE L Z2EH L
F—rfEI N, BHEHED S ZEERVCEZERFESOSEDOHR NS, 2727 20 A{H
X ATCC DFFE2FIZ, TAV A, VIZAMNT 7 —V=7MONN—271v—X7) 7
A @D Cacapon [[IHF 2 S HEDHEZE DiAA, EEBICIZRRLHRT, TOSFOLE
BESBOFKBEPHIFRTLIILEER ST, COSEOHBELEEDT —< %253
WRL7z, IO TT AV A OMERESL, HERTE O REBONRTTREIRB I EH
ERZICE ST, FOIMBEERFENG OWPHBRE L (XK du Pont BAHBFZERT) 8
KHRSBESMENT, SEOREVRWE 22> THY, BERETCOREKOERE
FEEZOWTOERORZENTE, EHFDRAY v 7 EOEANZORED BIEED,
UBOHEORROT iz 5 Tz, tPHEBELIZZF D% USFCC DEEICR Y, U7
ICCCIRIFHEERZENT, BHELT XV A OMEEDZRRICEIARELZHCE>TEST

X 2 HEwBRRE
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% 3 BXEREIF—ADOHEZLT—<
BAE HE BHAES (GAuEEXRHRED)
B (BAREBEN) LBEORE
BARTER (KREKBRZEEH) TI/V=7UALADREF
HEEH  (BEAMIH) SERERBEOAEE(L
WA (FUNKBFE)  Bdelovibrio DWAERTF
BRESR (KRKIFH) BEROFEELRRT
HEET  ((Bh) ZEH L — 8B X A B ORTE
HE B RN V7 RRETORFIE
fg#s #  (GLRIEEHT) WFEIZ X D EE DT
IWE—E CGERAGEE) EERREC X 2B ORTFE
ER)IEE GERARFEN) KBEREEORTE
PIESERE  (BFnREE) AW O TRAE R IRARTF IR

ZOMICHKERFEFTOKRD 2ENBH T VR T LORIEM LT,
BEXE  (KFRKRIZEH)
BE B (YY)
¥E[ HE WA Clark (ATCC)

F. F. Busta (Univ. Minesota) HREBROEROEE
J. L. Cunninngham (ATCC) WIERERREFE
W. A. Daily (Eli Lilly) BHEOWEZERICL 2RFE
P. MacKenzie (AFBR) BREEBROETFRIIRITTRERR
D. M. Robinson (Red Cross) R OBEEIC L BEE
Ellen Simon (Univ. Illinois) JFHDIKIBRHREFE
A. J. Sinsky (MIT) BFEE DRt
R. G. Zieg (ATCC) T A —ORTFEE

W3, 20Ok IF—0H#E, ATCC ® NIH OFEHBR 2 EBICRFELT, 7AUHT
BBBERDERILZ L, BROEFEOBECLSFAIN, %< OMEYTEREER
bRWI ERHZONT, EREFEKRCET 2BERUEBEBOEREI 2FHEL T, BEHRD
BROUEC L > T, SHEEOEEREKRDV X P 2HIBIZFY Y P TE 5 LHBESRL
DX, bbb DEROENEZRE U, BRARKID L-ERERZDOBRKEREIZT
T, ME—RCLEHTE, FCOBEE2EET A LI VEBRCHERTES
X312k (12), BROEEEME L TRBHRCIRIALFEbh s X512k o7,
1997 EHAMEDEEES» S NN L TEME 2RI 5 B TET (13),

49 &

RANBEITRORR (B 36 E1oBMS0EET) 2RI LDTHDLE, #
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BEVTSCRT S AE MR FERBRI L U COREB 2L WA THY, ZOMIEEEEE LT
AR R HFEE - BHROAB & LT, IFO Research Communications & IFO List of
Cultures DEHN 2 EITVHB IR TS, ZhsDTHTYR, EX:2FREESHL
T, IR ESOBERE I bEfA S h, TRITOEBHZEE L U CERL 72, EBC
DY AME, BREKROA a7 L LTHIBEIRRT TR L, YRFEOE DL O
ZHBFHE L LTHHAINTE D TH 2 (14), HEFTOMIEEHEE TIRRE,
EER, #HE, MEYER I THRBEOWEE (TEE-BIMES) »8ibb, 5=
U7 L x0Tz, BHERE DO EEER L IEXE(LEHE (ISP: International Streptomyces Pro-
ject) T3, HFRD 4 5 OMEDREHEETH 400 BROBISHEREORES TS
N, IFO CHFFINTEREKOF v 7 VAT AVBHBRENT-DDH, HEEHCBT 2
EROMEEHEOH D HDO—DE LTEBERET 3 Z £ TH -7z (15, 16),

7 1974 FCEBROBRMLICBEAY - 1 Z L b BEINBZIRETH S D, FRET
FRBOCHE D BRI, BLOHIREHN CRECEBINIOPERE L > TwTeds, B
HROSRECFOEELSERRE R D, BROE—ME OIS RS & &k 3 AREM 2D - 72,
e tZRELPERBYEARCEZ TERICTE I L BEPR Y DRFES Hhoiz &
3TH5, KMHEATERHREEOERAELD D, MMEBTORE L L T,
Rhodosporidium D3R, BERALKOE OB LB, HEEHOEREOIE L SR
EHIFO Res. Commun. 2253 WHT Z E83H#kS,

5) BBHRORNR (BMSIFLYER1IEZT)

REINBEFRRS 1S EOREER L CHRZBESNIZDIZ 1976 &£ (FEBFI1S1 4F) 4
HTh%, 19740 9 Bic, BENFIIMEEDBIFFEANDORERDH D, HEFOLE
ROTFNBEIFTRSESIFRCAROORET DD LR > T, % 2 ICEREEIFT
RPBEEL THERENEHEE)EENR I, AR WS KER2E| &2 T3 2
Loz, MEYREREOMFEDOTEE, MEVMOREL L, SEEETK-> T
ZHL, FE - FBREOSEHEREEL, ERL L THRELT, UBoHBIi#T 2
ETHY, ChE THREVERFZFOSTFRHL L T RFAIE, £ 0EMATH-
720 UL LRSS HEERTZERTICARTLIR, bV TIThbI T 3REERCHEIE T 21/
2RT, 2EFCEDLN TV IRAEDFHRBBERTFOREFREOSATH Y, EEkR
WILEBTFZODORERL L EENELNEITHSI LI T ERRE T,
ENBERZDADBBTY Hole, BRENLZEHMOHECIERNSAYITHD,
B R TREBRDA LRI D - I, WERODMMEOD 2 WHIE LB TIXEOF FHME,
HEtE, BECHEER TH2EEBELTORCEDNT L CTHET 2 ESEE, X512
IhoDRBEZHEAL TERODZEESEEZH WS FENBE A5 L LT Wi,
SO HEMFEHEC L > TEEREIZ, 1976 EOME G LENORETIC L > T
(17), ZhETCRERSNTOILHEOES ($4) ORELSE 3, FYREZELT
AFINIb D%, MIEDEFE LY A b (Approved Lists of Bacterial Names) (18) &
LT, 198041 H 1 Hiz IISB (International Journal of Systematic Bacteriology) 27}
KINdliigol, TOHXHADEBREERORS — AL LT, Z0BOM
BOFEORRTHAIL, USBHETI2EHSNI IR E->TESIBRRL
W oh, 3oRKFERROFICERER (Type strain) 21EET 5 LA, KWk
MEMREFEBCEEREFEL, FEBE2AR TN/ HEINEZ LItk
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® 4 FEROREFEBHALE

FEE BEFn 3 6 4 FEFn6 14 BEFn6 34
PN BEE G- Jiet = FHREE
2353 s R =ER REB=RB
HEEE LIPS ARG ARG
TR BER BREE FEFHELE

o ZHIZ 1980 EOEHETLHEICET 2 7 RA PRV OFEI L 5 EYRHTE
FEHIE 019 L b, EROLTH HOFEHEIBMEDREREBORED—D L L
T, BRINBBRCA-TER I EZ2EKT %,

Z TP SBOMERO BREIMEXRTOERETH > T FORFRIO
&5 BEEHOEMICHIETE 2HEMOEHIED L LT, DEROER, QFBEHROE
BERE, QOFRREORE, DEHFLNHEE O EE Lz,

(1) BMOHEHF

BMOEFORFE L CIL, ORFLSBHEOERLOFESEOEARYHOH
EELThiI 7,

OBRFE L B DEB

BREFEEETH - & AR ERE, F3mroHE, FCEREOHL WD DO IXEHE
BMENTON, ZHICET2FH LM, /48825 OEEOBACH L TOER ITAZE
HbDThole, HYUFAZH (R BTN ETORER, BER2b Lk, BEE2RF->TH
Bidhleo Tole, BEMORBRFEOMRIERORREFEREATHALA SN TV T,
BRSEIREA & 2 REE, BEROBHEEBREFELE(ZA X 120 F), BEERICL 2
BEEREEE (SA4 7R 180F) RETXAVITREAOMERBEHRL T, ERHan
Twiz, bivbhd TEZRITEVEEHIC, BHEKC L 2EKEORED >, BHOREE
NEH L, RHREEARZSET LI I L EIB3ENET, BROGEEEHIATZE WV
T, FLOSEHNOBROBLECHIGTE 5, REEE L 20805 WTH S (20),

OftZEHEDOHEA

1974 ££4Z Bergey’s Manual of Determinative Bacteriology 28 8 FRASHIR & 1L (21), Z
ZTHIO TS BT 27— 3D EFoh, DNA O GCEE L fifggD <7
FRIIVA D7 S VBEERIEE SN, EESECT IRV BEABEE -T2, £
Z D 1984 ££12 1%, Bergey’s Manual of Systematic Bacteriology (22) 23HiiR & 1, ik
DALZEAERR (HEREBERR S, MREFER, A VSV /A < F /v, FURZERY, 5K
DNA AR, EEEFIOEMME) 2L T, MEOIEERZERL L LT 580
REEPRA Tz, FETIEESZOMELEB Y OBEEZRFL T I L OREICY
T2oTlE, ZOEIRKERTAACHLTE ZHMEFROERZ2ESL Z L BLETHY,
ENBERBROFHRESNTOBENLIC L 251 RE5 A EDEEREE L -7,
SNV ABRIKEIE R EOFLOWEMORRIC LD, BEORBHEOEN 2T I L
Wk, OHREFREHRT I LR EBHEAS Iz (23, 24), BROTOFEAR, 3~
Pa—SDEALBEEL, MEECBT 22V Ea—F BRI, HRCEBLL
HERNRD DDEEbL->TE, ZHRIXEROEE - LB E SEEEL T, WEmEE0R
RIEIZ BB 5 T o T2,
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(2) BROTHELXE

BEMREREEZX 2 11, W%, BEEER RELEATH S, BROEXZH
P EBCENTZTREINTOINEERT I L REE 5, BEMEFROEBKIX
IFOBE LW —ERBESTEEINTW S, HEOBES, SEAEEOFERICIT,
[BHBES] LW 3EENLEES2H> TUEIh T, BHROBEREEAITTT
L&, FTESRTRIEZS VDX, IFOBEFEOEKELY A NTHB, 2
Pa— S DRELSHATE, COXSRVAMREZILRXFRIEEELL ZLTRYE
WA, BWEWEHIA 774 7 —LrERL TORWEREYE (Bf514E) T,
BOOOFRICIEWED I DL I BV AV REZ I L REFNEEFERI L Thdolz, %
DL, BEREZZFEFMOBEROITERIZ, 7LV 7 7y MNEOHABBIKR->TH
D, BRAVPEDL D ELRFIDOR—JIZBENTHVT, FhEROT3DEH LI -
720

IFO ZESHOEHRERPEMINT-ORBHA I ErSTH DT, FhUMDOE
2FFTIFOBFIEIZV A MET 22 Lok, FFEEFE»»> TCIFOREEDY X
NS EDS o Tz, EETFTH B E, BEXPY THEENZVLH D, BHEEH-TH, &
BEEVPTESTRL, TOHELATREADOHLZEKE LTOEXIHEZVHDHEL 5
Twie, LHLUIFOBERELE L CHERASNS Z LR, —BFHffIsons:, H
HEHEALTW: [BHRES] LB, BELPEb-oTH IFOBEREEINS Z Lok
{, EL-ENFHBEPEEINTD, TOBBRELFLRBZ I LNV, 2O LiF
BREEZ I E2— I TUET DI, BEDODRBWYRATATH> T2, Sz ON
Tk [ KBBR8 2EREE(6) BRI EBD THBH, 1979 £ IBM 0S,/
6 LS T—FEDTELZEENY) —AFECL- T, EBHZMcFIETE2 X5
KRB FEWTHoT, ZISEDEREHEE, 8/ VFD7uv¥—74 X
JWEELT—F —_—R%, FRICKEPEDO I > ¥ 2 —F IBM23, IBM36 ~ BT
T, BRFEOBMELEBOERIENERBL TIT 2 Thole, FLTHETIE
IBMAS400 2HU0MZ, FIREEDEIA VP a—F 2RI Y NV — 7 B3 EINDE TR
o TWnwa,

(3) WFEREEDORE

MEBRBORELHBIZOVTIE, SCE>TIRVER>THSZ E, BRISIENSFE
RI1ETEENRRTH-o T Wi 5, HOheENRFEOWE, IRILE2HEL 7
EETHY, HHOEEICODWTYH, EXRPED S OFENA RBERLEELERL 2,
HHEEEE (BRI 36 £ SWFM 55 4F), ANEHTEE (B 56 £ 0FK 1 £) HEE
ROIDEFINTHEELERIL, BHE - FBZEOREFOEVER2ZIT T,
Z05 z RHERBERBFOERD Ho T, HAMEOWEE (WBAIS14£S5EM, BIss
FZO6ES TR, BB F£ ik 10EMEEsN:), ERME~NOZHS
DO¥EE ED (BRI S1E»SEREEE N, BRISYOE»SIZ1{ET500 FHELS) 8
SHTOEOA72 53, RERSFRFTIERE 3 HOMRICEL T1X, BHRETEHER
ZHELT, REBEOEIREE BERSEL 105 2RI T, LY EWREESHE
PEBWTEIz, F7z 1984 4 (FFHRIS9 ) DEMWHKEAEOREEEDRRE L biIZ, B
BERC L 2BYHMEEORERBE LRER S v 7 OB EREZR O BEHIGRFE D
RN, FEEANOERERSATREOTZR ITbNT,

WIS BRI DR E HE - FRE OUCE DK X WHEFT 53 £ L BRI 60 £ % 3 5,
#£6, XTWRLTBW,
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£ S REWRROEERER
5 S51 | S52 | S53 | S64 | S55 | S56 | S57 | S58 | S59 | S60 | S61 | S62 | S63 | HI
BEE 1976 | 1977 | 1978 | 1979 | 1980 | 1981 | 1982 | 1983 | 1984 | 1985 | 1986 | 1987 | 1983 | 1989
EFMERE | 5 58 5(K 5% 58 5{K 50K | 6.5( | 6.5( | 6.5/ | 10{% | 10k | 10{k | 10K
ERIA (v |140, 166]153, 449]149, 627]175, 622]236, 407|202, 037|238, 821[318, 208[285, 689[436, 051[447, 519]290, 931|293, 480[315, 788
M crm |135, 666148, 096|152, 854|160, 554]237, 125189, 175{230, 478]227, 009[289, 583[268, 749|264, 367|274, 115288, 585(288, 582
EMUEERE| 4,500] 5,353] -3,227] 15,068 -718] 12,862] 8,343 91, 199] -3, 894|167, 302]183, 152] 16,816] 4,895] 27, 206
5 H2 | H3 | H4 | H5 | H6 | HT | H8 | H9 | HI0 | Hil
EE 1990 | 1991 [ 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999
EAMERLE | 108 | 1008 | 10fk | 1066 | 100& | 1068 | 10f& | 100k | 106K | 10f&
ZEMIRA v [315, 445]324, 710(313, 871|301, 439|296, 768[344, 096[323, 726[310, 992[342, 790{392, 056
EMIXH v |297, 223(304, 844315, 180[330, 746[340, 598{342, 025(280, 026[253, 753288, 497|391, 858
EMIXZEE| 18,222 19,866] -1, 309|-29, 307|-43,830] 2, 071] 43, 700] 57,239 54,293] 198

* 6 MEmAFRBUIRFTES - FRELE (IR 53F)
HERE HRBREE

EHHEE HKEAZ
BE B B
BE L
HE RHts2iE
BE BHNEIE
#2= BE &
HE AL
HE B F5 8
EE SERE AR
HEAR SR K
FERAR  HMEER
FEER KRRZE
FER RSN
FBE REER—
HERE  REAR
FEE BANEE
R R
FER FEEt
HEBAR  BHZR
WEE Ak
FEE BEE
TERE ZmARK

A

BE &

RERETE () 28
(M) RETRFTHE

FRRFLEHR
FRKFAEER
PNUUNE A &6
AR FER SR
TR BIR '

THIRFL EBF

N
REKBTE () SHRER
FORER RS SR

(M) BEFTRRFIBER

REKLTLE B BEHEDRMER

F) BABCFRASES
LHEERFEHIR

REREBTHE ) RER
FRKFHIR
ESRL PN 658

PNGONC G

TR FE IR
WERFHI
NN ¢
RERRZFH#%
FRRZFER
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%7 PEEARBEIATES - FHALE (R 60 %)
HER IEHEE 0 REESIE B 2F

HHEE RKEE (#) REEFEFHR
wHE  AHE & R4 B
BE  KREZE 0 REERTE GO BN
BE  WEEE KBRSk
B EimE RIRK 2%
BE  ESIRE  BCEFERHIAEE
BE  REG KIEEMN KPR
BE  AIRE T K22
EE  UESH FEA IS
BEE  AKBRT #H+
BE  SHRARR  KEARHE
FHE R B FRER A
FHA  WEEMH (B) BEEHEPLEER
FHE  FREE (B) Memieemaams
FHE EEY— I A
A REAH REESTE B0 REE
FHA  BRes FRA P
HmA B EN HERYHE
FHE  REED KIA A Wi
WA EHIH FR K4 B
WHE  AEEE A
HEE BRI WK
FHA  REH— NP
FHE AH G REERTE D TRFEFE
R RE W BRI A B

(4) BBBLHEEEHORLEEDESL

iSO BEitic iy, FIRGELARVIELEL, AMOEM, Ehbsuhidn s
BFRIC Ao Toe I E TEIFELRMITENTRIRZEITL T i@ T 2 EKE0E Rk
DWTHRFONRE R o Tz, REFFFIFREZHLIK, EBOER BB S, B
BRDFEEZATER, HBEEENZ ThRIEEN, D THBEEELDEE R FoiE
EHENETLONRE R 5T, BFRUBIZOVWTHBHROLE, BIE, ZORBOEE
% EDMHET 2B, BRI THML Thote, RETH DD, BINICRKREL
Jea v ¥ a—% IBM-23 OFEH < = 2 7 Vi< [Housekeeping | W3 EEBH D, [
DERTH, BHOREODIKITIBHSE L, WMERLLETHZ, a>Ea—FbHEL
Ty, TARIDEDEARELBRBITE > TL 305, HPFEEEET IS JEW
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IPEBFEEENDHoOEROHT, YO XS CEBEAENE AL R0EETIE,
& {Z [Housekeeping | BB THoTz, TNERRFKT —F —OEEBLE L ko
rEIIZ, FOMEBLITEDRORE, st 2BBOHEL LIS,
BALEIC £ > T, SEEEBOETBIRCHETEZ L3R BE, RAMET—
DITEBEZ B o EDIE, DERO I V—LDMAADT =2 TNV D, SEFZ
it 5FEXE TOHBOERE L ENERTE, E1NAXEDER, BHoE O
RN EDOERRPHA T OFERIERREZ L ko2 3B L LThIFo5h 3, IFO
List of Cultures @ 7R 513 0S,/6 TEFE21ED, EREOAICINZ, IFO BEIHE
DELRI 2T B X3k ot, SRRTIZIBM36 D F—4% % NEC/PC ~NEE3% L
NEC O OXEERY 7 b v =7 —CTHRIER L LT 2 Fk e SHEEEHRE D
BELTY R NOHRIRRBIER £ TORMEEFEZ2EVTL N, £ HEREROR
XERY, SEPHRERZ CERL, BEI L 28K CHR, 8EXFZTTTH i AR
WCL7l®, HiRZ TORMOEREE ko T, 1974 F (BEF149 F), HX kI +—0
Bz ATCC THI» & [SHEEDERKRY X bOHIF]] SIFO THEBEL -2 &
LAY

(5) EYMRIERFI OFTE

FEAD 59 4, WEFO/INEEHEEIX, HACBI 28WHBEORELSEORAEE 2
T, BYHIBRORE L EEBEDREREL U THRBL T E - REFEMOEE L L
TERARED LD %, ANRZHEE (RHELREHFRHR) RE2EEI L,
B, YRNRHEESREYTIENERECEERTROBAC LY, FMBOMAER T
FREOIN—CHAPORNBILE, FHEVRANOHEIERE, BRSS9 E3 FOHEE
STEFBD 2, BEBEFOXHEORA DR T, HYMITHFIORIIBIRE S L
Joo ZDHIA—0 v NEEHTH S OB ORI FAEE L L TORRBLREE o
T, BEDHHEFAWCT T A, FHELRFIT 45 BROREREIIFE 2 121X 300 #R Rz,
SR EZIZS00EE2HZ 2 E CREBREL, BRAEOER, 1377 X<vDiF
TRBEZOWTRIMAZBOEEH2E TV S, BIYHRETESEERHBD 3 KHE > T, /I
EHEERELERE TZORORERFRIRET 2, EXHMEDOHE, EFESOEE
ZOHEN R EN, REEFRTEIREERRFEORMBOFHRIERL /-, BEEZROR
FRE X, BYHIEAECETAROLDTH3H, MEYMORECELTY, ZhE
TRIRESHRE L SN IRREO—HMOMOEFECHERTES XS5 ik, WER
2 LTREFEDOEMEOETRE R TR 5T, ChIREEEL T, IhE TR
BBz T, FE E CHEZEILD T, 4BEL T DR, BEKE
REFEOEN EREMWETHBELULEY, FERREIZ LIS TVCANBERERESR
FCHEERFELLELD) 2Z0F3HELTCOE TSI HERERL T, SEEEOEE
BZ BRI T2 B ETHR L ZOHEEATAENCZ, RERIC &M O
Y rTINVERY, ZOEFRERKEL T, RBWCEELLD 0> SHYENLE
OBERZ LT, ZOFETEXENZWI L 2HE»D % M 21T 72,

6) ¥ & &
B E»SVPR I FEETTOHMEE LD 5 &, BEVMRERRE L L ToER{EA

DOEHEE> 2 e TE X5, BRI,
(1) BEHRESHRT — 5 — R — XA OHEE & EHROE OBIBAL OB
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(2) HFLWEHOEREBRE~DEL, TOREE LT, M LOFTHE (EEKD
FEERR) LRETHIEC X 2 HFEEEE (BRI TFERE) L LTI RA, RE,
SEERF L, REEH, BHREMR, zofiovy—rvanl,

(3) SEEOHTLE R BB L L TOIEE)

B EANDBHED, BEEICEATOLSRERUTWS,

ZzhCiE, ZNETOBERZERIRZLOTIE, 20X BEREE2EEL THEL
FREDENZLDDDTHD, $ETKRKHE, HEOLEEDO ETEATH I [EEES]
25 [IFOHBE| WRZ2DTY, FBCBLTREERVLI D - 7208, EEOBERLE
3 ET [BEEES] 20ET 22 LIREE 2B TEEERD 2 LS & CTHR
LTE-7,

FoHRYE LT, BRI, FEEWSERTAISL 40 BAEGLSE LT, 1984
4z [Critical Problems of Culture Collections | (25) ZHER L, 1990 &1z 12 KF TR »
7z, ITUMS O&£ZDEIc, WFCC 40 Kral Symposium [100 Years of Culture
Collections | DET&F 2 HIR L 72 (26), ZHIZHFRTHID TAHI S N 7- YRR Kral
Collection 234 —E X 2BHH L T 100 22 72D 2L L THIPN b DTH 3,

ZORBIENS Z EBHEERVLOIE, 1980 £ (BRI SSF) 9 HoRHPEREEAM T
»3, AHFHCRERHAELTEZORFARE Lt b T RAZEIHEDFEE (S
F2H) OvavyZbERRSEITORVORE, REAELTEOSEE D VL 2EHA
REEHSRENPEARMA, FAHOHEL S BERSAZIEEZDZ O TWS | EHEHHE

EH 3 REFFEACHRATE (B RHELKTE FH)
(198047 A 1 H)
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(B8] LD)EMESLNTWB LD, 198042 B, RHAZKNEHESETEN, F0O
DFHFHDHo T, RHEBEERIbLb T EEOR AT I, REEERIZ, BI04
DI ERBENFEFRAN R o HEDH X CHEREDERL2EL-3A, i [HEOR3
REZDEER, bhbhBEHELENLSREZ SRV, MEEREL TRBLLT
ZETREVJELEBELERS SN ETHo Tz, RASEOHERHRU -FEICIE
(WL EEEBE T 28EE ] [2R0) —¥—] [GHdb2EHOLT] [REOAD
D] ZEDXFERRINTWS, RHEEROBREZ IVINEHFEELRESRES L, B
FI156 EWSER | EF THERER»DED SN,

1980 EDRHZIEIHEDHEIZ H 125> T, TEED & FKEEPIIIT O EAE 2 2 H
EABEREFEL-EZL k), REEREFICBWT, BERXBH > 2 (BEH 3),
ZDEEIZZFDBOMEFROBEDORBICRVIZHER SIS ENRTRZ SRV,

1980 FEHE LI I MEY R HFFMER (JCM : Japan Collection of Microorgan-
isms) BSEEE XN, HETHD TOEIOBEVREREBENTE 2, T DHE]ICM 23R
TEBY, HEOFLMREEMZZEEL LD TH S, ICM 1ZRILLISE, okl
BEZINET 2 Z LB 2 E, 1982 41z 1000 B DFFEBEEREEDS, 2000 £ (SERR 12
) 1213 10000 prEEE 2, s7EEED 2000 R B X T, ZORMAOENEERL T3,

MEVDFEFRIE, —BEbh 2 EEEBSIP B WEEN XM b nZ5HDT
HoT, WETRMFOLET, ZOEOEELEYMER, BEEFERELTMUED
I, BE, FHEHL, FIARBEBELVWERE2M T 2RECZ>TER, ZFOOREE
BEITIX, T TN EREBIOBFRC_EREL (LR T3 i, ENT
DN 77y TEEEERBLZTNIEZ SR EoT w5, JCM & FHEEPIAT & 13,
INETHEWRZZEDHEHEEENL, BEFANNNVELT, ERRBCBEERZNY 27 Y
TR U THBREL T E T,

1986 £, UNESCO X 1 F R VOHHEE&Z2HEL T, JFCCREET Y7 OMEY
BRIEFEREIOFEEMEENRE LM —= v T a—X, [ANVFr—aVL 7y a i
BI2a>Ca—F ORI OERERELTER, Th2RITT, JICM OEFLLED
HBEZER LY, ICM EIFO BB H L TKRKREERTEE 10 HE D a2 — X 2 £
Lize 7T DEM (RVSUh, Sv—V7, 74U EY, A YEFERYT, H8—
w, B, 74, FE, BE)»S 11 ZOFHEENSINL T, &IOS HEZREARE,
PEFMZSHIC, HDrOSHHRRFRCBELTELE L ICM THERELEF LT,
Mr—=v7 e a—R%Kbolz, 2D RPHERZES I, FTECENOEEHE -
OB EEBN 2B EERI®I LIk, Z0ROHNEEOHRFEFEZEICH R
WEERE Z o, ZOWFRRKSIMUEEDOTICE, TTRHEOKREICHEL 128
BEPKBEREZOEBAER I — A 2K TLEALDY, TIETEZHEROMOE
BTOAMDERDOER b KEE U oI, BREELS [ANVFr—arv 7y ay
DEERET 2113, BRI XD ARBBREIESL Z L EER] tHLEN TV B, FOEK
EHoTOTHEBIELNT,

FTREBFIZNE20LE R AL ODHEWRH o120, ZORTEND Z EBTERLA
D—ANZ, AFVADT 7V v Y REOQLZEZEI D3 —F+—%4£ (E. J. H. Corner)
ThHb, 2D LT TIZJCM Newsletter (27) ICEWTWAD, Z ZICHEL T, XKE
HEFTOEE DERE X721,

19834 11 H 4 HIFFEFRORERZHLAEINT, a—F—%EIZTRA L kFHELE
(BRRLTARELEHR) £ 3ATHEEN, B IREMCOVOS LD EHEFROF 2



A History of Institute for Fermentation, Osaka 31

REEINT:, ZLTRBR2—BILTBINLERODI EThHho 08, HEDOEDH
BEBRE, WHRBAF VALV EFDOIRL, HEOZ L 2BLIICEE, B
ENHPRBL L TO—HDIE»I, BB EZTDBEEDRETH > 72,
HIDMEATHEESY U R—NVOBYECEHHEINTBY, B2 RIEFRKBFOEARE
HEERFOZ L2 [RVWHOEREEYEE] (28) LI XREBHTBONE I L 2o T,
ZOXRFFHEEBES VT 5 1 5], HAS5TE (1982 4F) 8 HHFAHE L LTHEE A
72 DT, FOHEES2ROET, THIBENBE I ERNTELWLIBTHS,

[ROHOBEBYEE] O7/ou— RO KEPATWS, [HERY VHFKR—
WEEEL TWIERST, HOBEO/NSZEOREE, HMIIHER~ 71 ERETRES
MEEEEMFEE T ) 2P0 LTS, BMERFDAD £ Uo kB hEE N —
THHEL Tz, HAFBSEAICRZ, HRBIEEINL T 2 ERI, BOXLEE
BFLIERFEEL, BRABRZEOMEBIZWEFLATW IO TH S, BEFD LS5 L
BREETH 512D, BEEDO—AThoH (a—F—%4) S b-oTHEHETS
RRERBRHEREBECTH 7o HEEVIFEEBREDOD T, BibiRHE-T, NMEL

BELORZIBKOTFLSFEONBLT LN o7, FLTEABKERLERS
THRZIBOEE, T bBERORD THLBROLZDTH 2L, IPta—<=
T4 DEDRE, FLTEFNAREBEL TR IZIOEEBICL S L, a—F—dEny
UHR—NVDOLEEEZNTDIX, 1929FThHolz, Fhdrd 1945 FE 124 ) R RE
ANBETHOI6EME, BIEELLTY YA R—NVETEICERINTWVWS, YU
R—NVEYE YRR VA R—NVEEW, AFXVIADTy 7VAHOFEA L BE
ZEZTC, IBTFIEZ NI TRZEDEMSOFERTELTENIENTbDT, K& 32
N7 FZ—N, ERIIE, 3000 ich iz 28, EEFOEMBED SN, 2FBOH
EfE, MIRFEF->T»T, ZOHBOXXEEZDFLE D Ro> Tz, 1942 4 (E
MITE)2H, YUFAR—NVOEEHEEIV—(EE2E T LI TESERET
DHEEKRERRLT, YT R—IVEEERDOEEME 2D, 1945 F 8 BicHUEEDOHK
BTRRZ2ET [BE] t4HbEzoNT, a—F—%ERBHEADSHEET S, 20
EOEYEE, HYE, KEHE, HREROELAL EOREERXLEE P HEN OF 572
D2, TTCEHBEEZES>TWBIRY YA R—VBEL2EL T, HEABEYR oD
RELEOH T, ZOROBEEG T —F—FHEEERBERHKE T vwbh3
EBY, BMECRINPMERELE > Tl > TuEE, BkA282 2B H0HEETH -
T2 DRFEEIZ>T=2DTH 5 > b,

T« 28— NVBRBET, HEDITHEXEET % £ T, ZEDOITKE LB
EREIRCHBHT LRV D Tho 22 b, BEY VRV TREE L EEKFE
REDOHMERBD A ThRbolel b, ¥4 T3 EEL -HPEF=EHENE
W, EYRB L UKEELZ OB L CEYIZABR2 L L 2 Y OEENE
Bolel bRBETRIENTELS, ZLTHER 1EMD L2, HIIBSREEEN~
V—RATIIDYINI VEDBRERH -T2 bt s oT, ¥4 ERERESERN &
LTEMESh, BRI 1THEI AL oBEEMERRICREL I b XL %, ZOBREY
FRCESERREY, BYERICPIREAKELSHES h, B L EEEDOFEE X
BBIZES LW, LLLINSDAREID LD, IR a—F—kEDOWEE
EOEEADRY LWBETH-T LB,

HMEIERETHL, KBELEBLEHLT, B> 2 toacEB2ATE® S, LirL
ZOEADEIENT, ZOBHE2ESREL, ZOBVWOBOBROADEDIIEIR



32 Teiji Tumma

BoBLERBEERD DRI EZEITRAROW I ERZERTHoT, $0%F
WIAD—AREL LS, FER2HL KL EDFRRHENTH T2, 2 —
F—SeEd 1986 4£ (KBAD 61 4F), BERIRE DIENL 60 F5Ea L TEI s - EEBREY=
BEOE1OZEEE oIz, RENRIZ [BEHEHDORME - PEZLOEE] TH D,

7 # bH W

BUDIKBEY Lick S, BOHKBMREMEZERTIETOILZDOWTEDTH
72o BRBINEBATE CER2EP SR 6FEET), MAEEME (FR7TELSBE) &
COBIEL ZLZDVWTIE, BEPERLEHEYRACEVLTWLRELWERSTY
5,
T RRDEFET D Z & T, EFLZLBEROWE, MENEEEBROWSE, HERESE
BR 72 DWW TR T 3RS i i o 7228, REWIFCATERL S BEREICD
WTDRXBELDHBLDT, FHHIEFREZEHEL TR T EizLizwy,

BRI HRBEMERCERL HE2EVR>TAB E, MEMOREHEEE WS, #
BRTHLIVARTEHBCEDLIBESLSEz ol b, INHFELRESWTHo T
ERELCTWw B,

AH e

1) REVIFTMEERESE (BN36 FEUERARXT) £ 1 HEEET TH 2 XA CRD
TEEEREETDHS.
2) IFO Research Communications No. 1 (1968)2» & fFHEHAR HF X No. 20 (2001).
3) RANEWE. 199 HROMEVHKRFER | BERK HEMEVERZERRE
12: 1-10.
4) RANERE. 199%. HAOHMAEYHRREER 2. ERNEBR: ZOEH (L) . HEM
EVERFREE. 12 55-66.
5) RBHMNRWE. 1997 BROWEDKRREFESEE 3. ERERLZOEH (T) . HEM
EYPERFSEE.  13: 87-96.
6) ERBHET. 1995 HEFEATICB T 5EHREE. IFO Res. Commun. 17: 44-53.
7) Bl FEHE L BB R OREFEROT 5 5 RNA £ SAMP & 4 /& V53
THTHHERE R ML 7. (S324F) .
8) YRV VEMYBRABYE OBLE.
9) BBEEWCLIZEATNVATA N O
10) Iizuka, H. and T. Hasegawa. 1970. Proceedings of the st International conference of
Culture Collections. University of Tokyo Press.
11) Annear, D.I. 1970. Preservation of Microorganisms by drying from the liquid state. Proc.
Ist. Internat. Conf. Culture Collections. University of Tokyo Press.
12) Mikata, K.,S. Yamauchi, S. and I. Banno. 1983. IFO Res. Commun. 11: 25.
13) HEMEWEEFZSEME (1997) .
14) Announcement in Mycologia 77: 180 (1985).
15) Hasegawa, T. and Y. Okami. 1973. Confermation System for the ISP strains preserved in
Japan. IFO Res. Commun. 6: 1.
16) Okami, Y. and T. Kusaka. 1985. Further qualification of ISP strains deposited in IFO by
SAJ. IFO Res. Commun. 12: 83.
17) Lapage, S.P., P.H.A. Sneath, E.F. Lessel, VB.D. Skerman, H.P.R. Seeliger, and W.A. Clark
1975. International Code of Nomenclature of Bacteria. International Association of



18)
19)
20)
21)
22)
23)
24)
25)
26)

27)
28)

A History of Institute for Fermentation, Osaka 33

Microbiological Society.

Skerman, V.B.D., V. McGowan, P.H.A. Sneath. 1980. Approved Lists of Bacterial Names.
Int. J. Syst. Bacteriol. 30: 225-420.

HErFR LOMEDOFEOERNATCET 3 75 <A MEH. BHEHNISE B
fss#ETHSH.

REBRT. 1989. WMEMREHEOF L B {4 27: 608-612.

Bergey’s Manual of Determinative Bacteriology, Williams & Willkins (1974).

Bergey’s Manual of Systematic Bacteriology, vol. 1. Williams & Willkins (1984).
Kaneko, Y., K. Mikata, and I. Banno. 1989. Karyotyping of Saccharomyces exiguus by
pulsed-field gel electrophoresis. IFO Res. Commun. 14: 111

Kaneko, Y. and 1. Banno. 1996. Reexamination of Saccharomyces bayanus strains by
DNA- DNA hybridization and electrophretic karyotyping. IFO Res. Commun. 15: 30.
Batra L.R. and T. lijima. 1984. Critical Problems of Culture Collections. Published by
iFO.

Sly L.I, T. Iijima and B. Kirsop. 1990. 100 years of Culture Collections. Published by IFO.
EREH . 1996. i<y, JCM Newsletter No. 3.

E-JLH 2—F— (GHEMTR . 1982 BoHORERYE DARS, PhiR
#. '



IFO Res. Commun. 20,
34-40, 2001 (March)

Sexual Compatibility and Asexual Reproduction of
Tremellochaete japonica

Akira NAKAGIRI, Izumi OKANE and Tadayoshi ITo

Summary

A heterobasidiomycete, Tremellochaete japonica, was collected from the dead
branch of a mangrove tree. Morphological and cultural studies revealed it has
bifactorial mating system and produces conidia in annellidic conidiogenesis, a
unique form of conidiogenesis among Exidiaceous fungi.

Keywords: bifactorial mating system, conidogenesis, heterobasidiomycete,
Tremellochaete japonica.

A heterobasidiomycete, Tremellochaete japonica (Yasuda) Raitv.
(“Tsubukikurage” in Japanese) (Exidiaceae, Auriculariales) has been often collected from
dead branches of walnut in Japan, Russia and Papua New Guinea (1, 2) since its first
collection from Japan in 1915 (14). However, because no cultural study of this fungus
has been done, its no information is available about its pattern of sexual compatibility, the
characteristics of its anamorphic state and cultural properties.

In the course of a biodiversity study of subtropical fungi at Amami Is. (28 15 N,
129° 24’ E), Kagoshima, Japan, we found basidiomata of Tremellochaete japonica on the
dead branch of a mangrove tree. From the specimen, mass spore cultures and single
basidiospore cultures were obtained by using a micro-manipulator. The pattern of
sexual compatibility was examined by mating pairs of 10 monokaryotic strains. Secon-
dary spore formation from basidiospores and conidium formation of the monokaryotic
strains was examined by light and scanning electron microscopy. Both monokaryotic and
dikaryotic stains were deposited in the IFO culture collection.

Materials and Methods

Specimen. Basidiomata of Tremellochaete japonica on an aerial dead branch of a
mangrove tree, Kandelia candel Druce, which was overhanging a creek of the Sumiyo
River, were collected on 4 March 2000 at Amami Island. Morphology of the
basidiomata, basidia and basidiospores was compared with the previous description of
this species. A dried specimen of the basidiomata was deposited in the herbarium of IFO.
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Isolation. Spore-forming basidiomata were attached to the inside of the lid of a Petri
dish containing corn meal agar (CMA) and set overnight. Basidiospores discharged from
the basidiomata were isolated with the Skerman-type micro-manipulator. Ten single-
basidiospore isolates were obtained and maintained on slants of YMC-1 agar
(half-strength corn meal agar, 0.5 % malt extract, 0.1 % yeast extract) (1).

Sexual compatibility test. Pairs of the 10 strains were inoculated ca. 2 cm apart on
plates of YMC-2 agar (half-strength corn meal agar, 0.1 % malt extract, 0.05% yeast
extract)(1) in 9-cm Petri dishes. The plates were incubated at room temperature (20-
25°C) for 3 weeks. Mycelia in the contact zone of the paired colonies were examined
under a light microscope for the presence of clamp connections and stained with alkaline
Safranin O to check the nuclear phase (4).

Observation of conidia. Secondary spores produced directly from basidiospores
were observed under light microscope. Conidia and conidiophores formed in the
monokaryotic cultures on YMC-2 agar were observed under a scanning electron micro-
scope (JSM 5400, JEOL).

Results

Morphology of the collected specimen

Tremellochaete japonica (Y asuda) Raitv., Eesti NSV TA Toimetised, biol. seer. 13:
30, 1964.

= Exidia japonica Yasuda in Lloyd, Myc. Writ. 5: 599, 1916.

= Heterochaete japonica (Yasuda) Kobayasi, Nagaoa 4: 40, 1954.

Basidiomata solitary or gregarious, effused, becoming confluent flat layer, 10X 3 cm,
fusing with continuous or discontinuous contact lines on the surface, sessile, firm to
gelatinous, brownish gray (Figs. 1, 2 ). Hymenial surface plane to undulate, papillate
with numerous hyphal pegs, 128-168 xm high, 56-104 4 m in diam, composed of densely
packed hyphae (Figs. 3, 4), covered with octahedral crystalline-like structures. Hymenia
distributed over whole outer surface. Hypobasidia ovate to obpyriform, 10-14 X 8-11
wum, with cruciate longitudinal septa (Fig. 5). Epibasidia cylindric, tapering, 10-22 yzm
long, 2-4 4m in diam at the broadest point (Fig. 6). Basidiospores allantoid to reniform,
10-16 X4-6 xm, hyaline, aseptate (Figs. 7, 8), germinating by germ tube or by secondary
spore (ballistospore and microconidia) formation. Ballistospores were formed by repeti-
tion (Fig. 9). Microconidia (1X0.5 zm) were formed in blastic fashion from basidiospor-
es (Fig. 10).

Colony of monokaryotic isolates reached 43-90 mm in diam on YMC-2 agar medium
after 20 days of incubation at 20-25°C. Colonies hyaline on YMC-2 agar, but brown
pigment was excreted on potato sucrose agar (PSA). Conidia were produced on a
mononematous conidiophore, as described in detail below.

Specimen examined: IFO H-12240, on a dead branch of Kandeliae candel, Sumiyo
River, Amami Is., Kagoshima, Japan, 4 March 2000.
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Figs. 1-10.

Akira Nakaciri, Izumi Okane and Tadayoshi Ito

Tremellochaete japonica.
candel (in the field). 2. Surface of basidioma.

showing papillate surface with pegs. 4. Pegs.

(hypobasidium).
Basidiospore with a sterigma, from which a ballistospore was formed.
Basidiospore forming blastic microconidia. Scale bars: 1 = 10 cm; 2=5 mm; 3=

500um; 4=50um; 5 (=6), 7 (=8), 9 (=10)=10um.

1. Basidiomata (arrow) on dead branch of Kandelia
3. Close-up view of basidioma
5. Young basidium

6. Basidium with epibasidia. 7, 8. Basidiospores. 9.
10.
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Table 1. Mating reactions among 10 monokaryotic strains of Tremellochaete japonica.
Mating type AlBI [ANBZ AR TS PR o [ ASHS

Mating type| Tj-No. 3 7 8 9 ) 7 10 I 5 6

3 . R = = + + PC PC &

7 = - = = + + PC PG +

AIB1 g ] ] ) g E YT i &

9 - = - - + S R SRR +

Al1B2 2 - - - - PC PC + + PC

4 + + + + PC - + + PC

e 10 + + + + PC . + + PC

1 PC PC PE PC + #* + - -

A3BI1 : kS S N e g _ :
A3B2 6 + + + + PC PC PC - -

+, true-clamp formation; PC, pseudo-clamp formation; -, no reaction.
*, unexpected reaction.

Sexual compatibility

The mating tests showed this species has a bifactorial mating pattern, i.e., mono-
karyotic strains mated and formed true clamp connections on the secondary hyphae when
both A and B mating factors were compatible, but they formed pseudoclamps when the
factor A was compatible and the factor B was incompatible, and no clamps when the
factor A was incompatible, even when the factor B was compatible (Table. 1). The 10
monokaryotic strains tested were found to include 4 strains of A1B1, 1 strain of A1B2, 2
strains of A2B2, 2 strains of A3B1 and 1 strain of A3B2. No strain of A2BI1 type was
detected, probably due to the small number of isolates tested. The presence of A3B1 and
A3B2 type strains can be explained as the result of isolation of basidiospores from different
basidomata. Typical clamp connections were observed on the hyphae in the contact zone
of the matching pair. The secondary hyphae grew faster than the primary hyphae (Fig.
11). Incompatible mating resulted in pseudoclamp formation (Fig. 12) or no response.
Since nuclear staining reaction with Saflanin O was not stable in this experiment, matching
was confirmed mostly by repetitive examination of the presence of true or pseudoclamp
connections for over one month. The following five representative strains of each mating
type were deposited in the IFO culture collection: Tj-8=1FO 33184 (A1B1), Tj-2=IFO
33185 (A1B2), Tj-4=IFO 33186 (A2B2), Tj-1=IFO 33187 (A3BI1), Tj-6=1FO 33188
(A3B2). A culture derived from mixed basidiospores was also deposited in the collection
as IFO 33189 (=Tjmass-2).

Conidium formation

Conidia were produced in the monokaryotic cultures, among which the strain Tj-8
(IFO 33184) formed conidia abundantly. Conidiophores are mononematous, branched,
28-110 ym long, 2-6 xm in diam, and often the composing branches are detached from
the septa (Figs. 13-15). Conidiogenous cells taper toward the apex and proliferate
percurrently by successive formation of conidia, which leaves annellation at the apex of the
cell (Fig. 16). Conidia are blastic, obovate, elliptical or reniform, aseptate, 6-13 X 3-7



38 Akira Nakaciri, Izumi OkaNe and Tadayoshi Ito

Figs. 11-16. Tremellochaete japonica in culture. 11. A matching pair forming fast growing
secondary hyphae (arrow). 12. Pseudoclamp connections. 13. Conidia and
conidiophore. 14-16. Scanning electron micrographs of conidiophores and
conidia. 14. Branching conidiophores. 15. Conidiogenous cell detaching at
septum. Note a new conidiogenous cell is growing from the septum. 16.
Conidiogenous cell showing annellation with a newly forming conidium at the
apex. Scale bars: 11=1cm; 12-14=10yxm; 15, 16=2um.

pm, hyaline.
Discussion
The morphology of the mangrove material of this fungus fits well with the previous

descriptions (e.x., 1), though the pegs on the hymenial surface are larger than in the
material observed by Yasuda (1917) and Kobayashi (1954) (100-150 X 80-200 g m and 90-
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110X 45-70 gxm, respectively). This fungus has been reported from wide range of
geography, i.e., Japan (Miyagi, Iwate, Nagano, Okinawa), Russia (Vladivostok) and
Papua New Guinea (1). In Japan, it has often been found on broad-leaf trees, especially
walnut, Juglans mandshurica Maxim. var. sieboldiana Makino (3, 14). This is the
second report of this fungus from a mangrove tree since its collection by Nakagiri (T. Aoki
bB1) from Iriomote Is., Okinawa in Feb. 1984 (1).

The present study revealed that T. japonica has a bifactorial mating system. Genera
in the family Exidiaceae show unifactorial or bifactorial systems. Exidia glandulosa
(Bull) Fr., E. recisa Ditm., E. saccharina Fr. and E. repanda Fr. were found to have
unifactorial systems (2, 5), whereas other species of Exidia, such as E. candida Klett, E.
populina Klett and E. pithya Fr., were reportedly bifactorial (2). Bifactorial systems were
also demonstrated in Exidiopsis plumbescens (Burt) Wells (12) and Myxarium nucleatum
Wallr. (7). Among the order Auriculariales, species of the genus Auwuricularia Bull. ex
Juss. were reported to have unifactorial or bifactorial mating systems (6, 13). Thus, both
mating systems coexist in a genus and family within the Auriculariales.

Conidium formation on monokaryotic hyphae of 7. japonica was observed for the
first time in this study. This species showed annellidic conidiogenesis. Phialidic
conidial formation has been observed among Exidia species and related hetero-
basidiomycetes. Exidia glandulosa and E. thuretiana (L&v.) Fr. were reported to pro-
duce C-shaped conidia in succession from a phialide (8, 9). This type of conidial
formation was also observed in E. wuvapassa Lloyd, 4. auricula (Hook.) Underw. and
Heterochaete delicata (K1. ex Berk.) Bres. (1). On the other hand, E. recisa produces
rod-shaped conidia on a phialide (10). Thus, T. japonica is unique in its conidiogenesis
among Exidiaceous fungi and this may support delimitation of Tremellochaete from the
allied genus Exidia, but further research and reexamination of conidiogenesis under a
scanning electron microscope are necessary to clarify the taxonomic implication of
conidiogenesis in this group of fungi.

We thank Dr. T. Aoki, Nat. Inst. Agrobiol. Res., Minist. Agr. For. Fish., for his
helpful information and advice on the mating test. This study was supported by a Grant-
in-Aid for Scientific Research (C) No. 11660326 from the Ministry of Education, Science,
Sports and Culture, Japan to A. N.
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Assemblages of Endophytic Fungi on
Bruguiera gymnorrhiza
in the Shiira River Basin, Iriomote Is.

Izumi OKANE, Akira NAKAGIRI and Tadayoshi ITo

Summary

Assemblages of endophytic fungi were investigated on the leaves of Bruguiera
gymnorrhiza from the upper reach to the estuary of the Shiira River, Iriomote Is.,
Okinawa Pref., Japan. Few species were detected in summer (July 1997 and
September 1998; 2-5 spp.) than in winter (February 1998; 5-9 spp.). The coloniza-
tion frequency of fungi was higher on leaves collected in the upper reach than in
the lower reach in each of the three surveys, but the number of species isolated was
higher from leaves collected in the lower reach. Colletotorichum sp. was isolated
in high colonization frequency from leaves collected at two upper stations, 33% at
P-1 and 40% at P-3; but in low frequency from leaves collected at three lower
stations, 5% at P-5, 4% at P-7 and 6% at P-9. Phyllosticta sp. and Pestalotiopsis
sp. 1 were isolated in low frequency from leaves collected at all stations, and no
difference in colonization frequency between the upper and lower reach was found.
It is considered that assemblages of endophytic fungi of B. gymnorrhiza vary
according to the surrounding vegetation.

Keywords: Bruguiera gymnorrhiza, endophytic fungi, fungal diversity, mangrove.

Endophytic fungi within tissues of aerial parts of vascular plants have been extensive-
ly studied over the past 15 years and found in a wide range of plants (17). In Japan,
endophytic fungi have been investigated in conifers, grasses and several broad-leaf plants
(3, 4, 5, 8,9, 12, 13), but further investigations are necessary to clarify their ecological and
species diversity on various plants. Because of its hot, moist climate during the growing
season and diverse vascular plant flora, Japan is expected to have a very rich flora of
endophytic fungi (1).

Most study on endophytic fungi has been carried out on plants from the temperate
regions (17, 18), and it is only comparatively recently that the endophytic mycobiota of
tropical ecosystems have been investigated. Petrini and Dreyfuss (19) isolated fungal
endophytes of Araceae, Bromeliaceae and Orchidaceae from French Guyana, and from
Piperaceae and Crassulaceae collected in Brazil and Colombia (2). Rodrigues and
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Samuels (21) reported on the endophytes of the fan palm Licuala ramsayi (Muell.)
Domin. from a tropical rain forest in Australia. However, studies on assemblages of
endophytes in mangrove plants are very few (7, 20, 22), while mangrove regions preserve
a great amount of biological resources including mycobiota.

In this study, we surveyed the assemblages of endophytic fungi within the leaves of
Bruguiera gymnorrhiza Lamk. collected at five research stations along the Shiira River,
Iriomote Is., Okinawa Pref.

Materials and Methods

Sample collection and fungal isolation. Young (new) and mature leaves (older than
the third leaf) of B. gymnorrhiza were collected from trees at five stations (P-1, P-3, P-5,
P-7 and P-9) along the Shiira River in Iriomote Is. (24N, 124E), Okinawa Pref., Japan.
P-1is 2.2 km from the river mouth, and at this uppermost point a stand of B. gymnorrhiza
grows. P-3 is 400 m downstream from P-1, and P-5 is 400 m downstream from P-3 on
the middle reach of the river, where B. gymnorrhiza forms dominant forest. P-7 is 400
m downstream from P-5, and P-9 1s 400 m downstream from P-7 at the river mouth.
Samples were collected in July 1997, February 1998 and September 1998. In Iriomote Is.,
the highest monthly average temperature occurs in July, the lowest in February. To
detect fungi, two disks of 8 mm diam were punched out with a cork borer from 10 leaves
of each leaf stage. The surface of the leaf disks was sterilized by immersion in 70%
ethanol for 1 min and sodium hypochlorite solution (1% available chlorine) for 2 min.
The disks were rinsed in sterile distilled water and put into sterile paper towels for 3 hr
to remove water from the surface. They were then placed on half-strength corn meal
seawater agar (CMSWA) (half-strength Corn Meal Agar with compensatory agar was
dissolved in 15 ppt seawater) in 90-mm plates and incubated at 17°C for more than 3
months. The fungi growing out of the leaf disks were isolated and identified. The
colonization frequency (CF) of individual fungi was calculated by the following equation:

CF (%)= (number of disks from which the fungus was detected/total number of
disks examined in each sample) X 100.

Data analysis on species richness and diversity of endophytic fungi among seasons,
stations, and dominant species. In this analysis, data of each leaf stage (young and
mature) in three trials (July 1997, February and September 1998) were applied as one
sampling unit. For analysis by station, six sampling units were applied as a data set of
each station.

Species richness (number of species) was estimated by the jackknife estimate (10) by
use of the following equation:

S=s+[(n-1)/n] k
where S =jackknife estimate of species richness, s=observed total number of species
present at a station, n=total number of sampling units: 6 in this study, k =number of
unique species, defined as species occurring in only one sampling unit.

Species diversity was measured by using Simpson’s reciprocal index and the
Shannon- Wiener function (10), as expressed by the following equation:
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Simpson’s reciprocal index : 1/D= I/Epj
where D =Simpson’s index, p,=Proportion of species i at a station

N
Shannon-Wiener function: H =3, (p,) (log.p;)
i=1

where H’=information content of sample=index of species diversity, s=number of
species, p,=proportion of total sample belonging to ith species.

To test a difference in colonization frequency of all fungi at each station, a statistic
for test for the proportion, T (m,, m,), was calculated by using the following equation:

T(my, my)=[(m/N,)—(my/N;)—dy1/N/ p (1—p) (1/N,—1/N,)

where m =number of leaf disks from which fun

leaf digks f ngi w
disks, dy= p,— p,=0 (no difference between p, (=
hypothesis), p=(m,+m,)/(N,+ N,)

Differences in colonization frequency of three dominant fungi, Colletotrichum sp.,
Phyllosticta sp. and Pestalotiopsis sp. 1 at each station were also tested by using the above

equation.

were detected, N =total number of leaf
m,/N,) and p, (=m,/N,) in statistical

Results and Discussion

Several fungi including sterile mycelia were detected from the leaves of B. gymnorrh-
iza in the Shiira River basin. In the three years of this study, we isolated fungi from 296
of 600 leaf disks examined (ca. 50% colonization frequency). No significant difference
was found in the colonization frequency of fungi between the surveys: 46% in July 1997,
51% in February 1998 and 52% in September 1998. However, the number of species
isolated was different in summer (July 1997 and September 1998) and winter (February
1998): 8 spp. in July 1997, 6 spp. in September 1998 and 14 spp. in February 1998 (Table

Table 1. Colonization frequency (CF) (%) of the endophytic fungi on leaves (Y and M) of
B. gymnorrhiza in July 1997.

Station P-1 P-3 P-5 P-7 pP-g9
Fungus Y M* Y M Y M Y M Y M
Collgtotrichum sp. 10 35 35 60 0 10 15 0 25 0
Pestalotiopsis sp.1 0 0 15 0 0 0 0 0 0 5
Phyllosticta sp. 0 0 0 0 20 35 0 30 0 15
Phomopsis sp. 15 20 5 0 0 0 0 0 0 0
xylariaceous fungib 0 0 0 0 0 5 0 1] 0 0
Surculiseries rugispora® 0 0 5 0 0 0 0 0 0 0
white sterile mycelia 5 15 10 15 10 15 10 10 0 10
colored sterile mycelia 0 0 0 0 0 0 0 i85 0 10
CF in each leaf stage 30 70 45 75 30 70 25 50 T 25 35

CF in station 50 80 50 38 30

Number of fungi detected 3 5 4 4 5

* Y, young leaves; M, mature leaves.
b including Geniculosporium sp.
° new specias (14).
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1-3). Pestalotiopsis sp. 2, Phoma sp., Acremonium sp., an unidentified ascomycete and
a coelomycete were only found in the survey of February 1998. The jackknife estimate
put the number of species at 18.5 (in the range of 14-23) according to the actual number
of species detected in February 1998, but 9.8 (7-13) in July 1997 and 6.9 (5-9) in
September 1998 (shown in Table 5). Simpson’s reciprocal index (1/D) and Shannon-
Wiener function (H”) showed that the diversity of species inhabiting leaves of B. gymnorr-
hiza is higher in winter (1/D=7.21, H'=3.16) than summer (1/D=4.02, H' =2.31 in July
1997; 1/D=3.45, H'=1.99 in September 1998) (Table 5). The high temperature, high
humidity and strong ultraviolet irradiation in summer in the Ryukyu Islands including
Iriomote Is. may affect sporulation of the fungi, spore germination and invasion of the

Table 2.  Colonization frequency (CF) (%) of the endophytic fungi on leaves (Y and M) of
B. gymnorrhiza in February 1998.

Station P-1 P-3 P-5 P-7 P-9
Fungus Y Mm* Y M Y M Y M Y M
Colletotrichum sp. 25 35 20 40 5 5 0 10 5 5
Pestalotiopsis sp.1 0 ] 0 0 5 30 0 10 5 10
Pestalotiopsis sp.2 0 0 0 0 0 5 0 0 ] 0
Phyllosticta sp. 5 15 0 0 0 5 0 0 5 10
Phomopsis sp. 0 10 0 0 0 0 10 0 0 10
Phoma sp. 0 15 5 0 0 0 0 5 0 15
Acremonium sp. 0 0 0 0 0 0 0 0 0 5
xylariaceous fungi® 0 0 5 0 50 15 5 0 10 5
Surculiseries rugispora® 0 0 0 0 0 5 0 0 0 0
ascomycete sp. 0 0 0 0 5 0 0 0 0 0
white sterile mycslia 15 15 0 30 5 15 10 20 5 0
colored sterile mycelia 0 0 0 45 0 25 0 0 0 0
coslomycete sp. 0 0 0 0 0 0 0 0 0
CF in each leaf stage 45 70 25 75 60 80 25 45 30 50

CF in station 58 50 70 35 40

Number of fungi detected 5 5 9 7 il

* Y, young leaves; M, mature leaves.
®including Geniculosporium sp.
° new species (14).

Table 3. Colonization frequency (CF) (%) of the endophytic fungi on leaves (Y and M) of
B. gymnorrhiza in September 1998.

Station P-1 P-3 P-5 P-7 P-9
Fungus Y M Y M Y M M Y M
Colletotrichum sp. 45 50 45 40 10 0 0 0 0 0
Pestalotiopsis sp.1 0 5 0 0 5 0 0 0 0 0
Phyllosticta sp. 0 0 35 40 0 25 10 0 5 5
xylariaceous fungi® 10 20 0 0 0 15 0 0 0 0
Pithomyces sp. 0 0 0 0 0 0 0 0 0 5
white sterile mycelium 5 25 5 35 10 0 10 55 5 30
CF in each leaf stage 60 90 75 100 25 40 20 55 15 40

CF in station 75 88 33 38 28

Number of fungi detected 4 3 5 2 3

" Y, young leaves; M, mature leaves.
® including Geniculosporium sp.
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leaves of the host plants.

The colonization frequency of fungi was higher on the leaves collected from the upper
reach than from the lower reach in all three surveys (Table 1-3). The colonization
frequency increased as the leaves aged, and the number of fungal species isolated also
tended to increase in most cases. The colonization frequencies at stations P-1 and P-3
were above 60%, and that at P-5 was 50.8%, while those at P-7 and P-9 were 36.7% and
32.5%, respectively (Table 4). The statistical tests supported a significant difference in
colonization frequency of all fungi detected between the upper and lower stations (Table
6, (a)). While the colonization frequency increased from the lower to the upper reach,
however, the number of fungal species isolated from leaves was higher in the lower reach
than the upper: 12 spp. at P-9 as compared to 7 spp. at P-1 (Table 4). The number of
species at each station estimated by the jackknife estimate are as follows: 8.67 (range, 6-11)
at P-1, 13.99 (7-21) at P-3, 13.33 (7-20) at P-5, 13.99 (7-21) at P-7, 18.66 (11-26) at P-
9 (Table 5). Both indexes of species diversity showed a richer diversity of fungal species
harbored in B. gymnorrhiza in the lower reach than the upper (Table 5).

Colletotorichum sp., Pestalotiopsis sp.1 and Phyllosticta sp. were isolated from leaves
at every station.  Colletotrichum sp. was isolated more frequently from the leaves collected
at the upper stations (33% at P-1, 40% at P-3) than the lower stations (5% at P-5, 4% at
P-7, 6% in P-9) (Table 4 and Fig. 1). The statistical tests supported a significant
difference in colonization frequency of Colletotrichum sp. between the upper stations, P-1
and P-3, and the lower stations P-5, P-7 and P-9 (Table 6, (b)). No such difference was
found for the other dominant fungi, Pestalotiopsis sp.1 and Phylllosticta sp. (Table 6, (c)

Table 4. Colonization frequency (CF) (%) of the endophytic fungi on leaves of B. gymunorr-
hiza at five research stations.

Station P-1 P-3 P-5 P-7 P-8 No. of stations at which
Fungus fungus was detected

Collstotrichum sp. 333 40 5 42 58 5
Pestalotiopsis sp.1 0.8 25 6.7 1.7 33 5
Pestalotiopsis sp.2 0 0 0.8 0 25 2
Phyllosticta sp. 33 125 14.2 8.7 6.7 5
Phomopsis sp. 75 08 0 1.7 17 4
Phoma sp. 25 08 0 08 25 4
Acremonium sp. 0 0 0 0 08 2
xylariaceous fungi* 5 08 14.2 08 25 5
Pithomyces sp. 0 0 0 0 0.8 1
Surculiseries rugispora b 0 08 0.8 0 2
ascomycete sp. 0 0 08 0 1
white sterile mycelia 133 158 9.2 183 83 5
colored sterile mycelia 0 75 42 25 17 4
coelomycete sp. 0 0 0 0.8 0 1

CF in station 608 65.8 508 36.7 325

No. of fungi detected 7 ] 10* g 12"

*including Geniculosporium sp.

® new species (14).
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and (d), respectively).

In the upper reach of the Shiira River, Barringtonia racemosa Blume, Mallotus

Table 5. Species richness and diversity of endophytic fungi on B. gymnorrhiza in three
surveys and at five research stations.

Jul. 1997 Feb. 1998 Sep. 1998 P-1 P-3 P-5 P-7 P-9

Number of species detected 8 14 6 7 9 10 9 12
No. of species by jackknife estimate (S) 9.8 185 6.9 8.67 13.99 13.33 13.99 18.66
(range) 7-13 14-23 5-9 8-11 7-21 7-20 7-21 11-26
Simpson’s reciprocal index (1/D) 4,02 7.21 3.45 3.12 3.22 6.21 3.32 7.54
Shannon-Wiener Function (H) 2.31 3.186 1.99 2.08 212 2.86 2.3 3.21

Note: the equations used to analyze species richness and diversity were adapted from Krebs (10).
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Fig. 1. Colonization frequency of endophytic fungi of Bruguiera gymnorrh-
iza at each station.
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Table 6.  Statistical tests for a difference in the colonization frequency of all fungi, and of
three dominant fungi at each station.
(a) all fungi detected (c) Pestalotiopsis sp.1
P-3 P-7 P-9 P-3 P-5 P-7 P-9
P-1 0.8 *%373  **%4.39 P-1 1.01 *2.38 0.58 1.36
P-3 **451 **516 P-3 1.54 0.46 0.39
P-5 *22 *%288 P-5 0.39 0.85
P-7 0.68 P-7 0.41
(b) Colletotrichum sp. (d) Phyllosticta sp.
P-3 P-7 P-9 P-3 P-5 P-7 P-8
P-1 1.08 **578  **%537 P-1  *%284  **¥206 1.17 0.35
P-3 **6.69  *%6.30 P-3 0.37 1.55 *2.34
P-5 0.3 0.27 P-5 1.9 *2.01
P-7 0.57 pP-7 0.84

Note: *, significantly different at 0.05 level; ¥*, significantly different at 0.01 level.

moluccanus Mueller-Arg. and Trema orientalis (L.) Blume are dominant plants around
P-1, while Helitiera littoralis Ait., Rhaphiolepis indica (L.) Lindley and Persea thunbergii
(Sieb. et Zucc.) Kostermans dominate the forest around P-3.
consists of many species of subtropical evergreen trees, which in places form a canopy over

Forest in the upper reach

mangrove trees growing at the river’s edge. In the lower reach, vegetation consisting of
B. gymnorrhiza, Kandelia candel (L.) Druce and Pandanus tectorius Park. is dominant
around P-5, while B. gymnorrhiza is dominant P-7. Around P-9, the lowest station in
this study, Rhizophora stylosa Griff. predominates over B. gymnorrhiza. The richer
vegetation in the upper reach suggests a more diverse fungal flora in the upper reach than
the lower. However, fewer fungal species were found in leaves of B. gymnorrhiza
collected in the upper reach, while the colonization frequency of fungi, especially
In the case of apple bitter-rot and

peach anthracnose caused by Colletotrichum spp., it has been reported that other trees

Colletotrichum sp., was higher in the upper reach.

growing in close proximity to these fruit trees appear to be major source of primary
infection of these diseases (6, 11, 15). In the upper reach of the Shiira River, other trees
growing near B. gymnorrhiza are likely to serve as an inoculum source of Colletotrichum
sp., which is found in B. gymnorrhiza as an endophyte. This fungus may quickly infect
the leaves and predominate over the other fungi, or prevent other fungi from invasion. In
the lower basin, from around P-5 to the river mouth, B. gymnorrhiza and another
mangrove trees form open forest, which is never covered by other trees throughout the
year. This may be why the colonization frequency of Colletotrichum sp. decreased
sharply in the lower forest of B. gymnorrhiza. It is considered that assemblages of
endophytic fungi of B. gymnorrhiza vary according to the surrounding vegetation.

On the other hand, we should also consider the physiological nature of B. gymnorrh-

iza. Tsukamoto and Nakanishi (23, 24) reported that inorganic salt and chemical
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element contents of the leaves of B. gymnorrhiza and R. stylosa at the Shiira River basin,
which control osmotic pressure inside plant tissue to restore moisture and nutrition,
change according to the concentration of salt in water. They also reported that a positive
correlation between manganese and tannin contents is an important factor controlling
oxidation-reduction potential in these mangrove plants. With the increase in manganese
content that accompanies the decrease salt concentration in river water in upper reach,
oxidative stress inside the leaves builds up. Conversely, reductive stress inside the leaves
increases in the lower reach because of a sharp drop of manganese content. Further study
on the influence on fungi of chemical elements and the internal environment of plant
tissues is necessary to clarify the factors involved in establishment of assemblages of
endophytes.

Finally, in the course of this study, an unknown imperfect fungus was isolated from
the leaves collected at P-3 and P-5, which we accommodated in a new genus and named
Surculiseries rugispora Okane et al. (14). This fungus is considered to belong to
Xylariaceae based on sequence analysis of 18S ribosomal DNA. Xylariaceous fungi have
been found from some plant families, especially in tropical regions, and they are consid-
ered to appear commonly on census lists of endophytes (16, 19). Discovery of this new
fungus from B. gymmnorrhiza indicates that mangrove forests preserved in the Ryukyu
Islands harbor unknown fungi and encourages further investigation of fungal diversity in
this region.

This study was supported by a Grant-in-Aid for Scientific Research (C), No.
08660405, from the Ministry of Education, Science, Sports and Culture to A. Nakagiri.
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Mycobiota of Mangrove Forest Soil in Thailand
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Summary

To examine the distribution and ecology of the fungi inhabiting mangrove
forest soil in a tropical region, 20 samples from mangrove sites and 3 from terrestrial
sites were collected in Thailand in March 1999. Soil fungi were isolated by heat
incubation at 45°C and the dilution plate method at 25°C. Comparison of the
findings with those of an earlier survey of subtropical mangroves in Okinawa,
Japan revealed the following. 1. The average numbers of colonies and species per
sample from the Thai mangroves were smaller than in samples from Japanese
mangroves. 2. Talaromyces byssochlamydoides, a thermophilic fungus, and
Aspergillus aculeatus were frequently detected in the Thai samples but were not
found in Japanese mangroves. 3. Species of the mitosporic genera Coniothyrium,
Phialophora, and Phoma occurred less frequently in the Thai than the Japanese
mangroves. 4. Species of the genus Aspergillus were abundantly detected in the
Thai samples. The smaller population and lower ecological diversity of fungi in
the Thai mangrove soil might be due to the lower nutrient content and anaerobic
nature of the soil, which is mostly composed of clay particles. However, Aspergil-
lus species, which adapt to high temperature, showed higher diversity in the Thai
soil.

Keywords: diversity, fungal populations, mangrove forest, mycobiota, Thai soil.

Mangrove forest is distributed along estuaries and rivers in tropical and subtropical
regions. As an ecosystem, it has unique characteristics and is one of the most diverse
reserves of biological organisms. Recent attention has focused on the diversity of
microorganisms and the important role that they play in the dynamics of the mangrove
ecosystem. The soils of mangrove forests in tropical and subtropical regions are reported
to be semi-aerobic, low in nutrients, and to have higher concentrations of heavy metals
and higher salinity than terrestrial soils (10). Mycobiota on mangrove and its mud have
been investigated in the subtropical zone in Japan (4, 5), and tropical regions (7, 8, 9).

To examine the distribution and ecology of the fungi inhabiting mangrove forest soil
in a tropical region, soil samples were collected from mangroves in Thailand. Fungi were

* BIOTEC
** Kasetsart University, Thailand



Mycobiota of Mangrove Soil in Thailand 51

isolated and identified, and several isolates were tested for optimum growth temperature
and tolerance to sodium chloride. The results were compared with those of a study
conducted in 1997 on the mycobiota of the mangrove rhizosphere in the subtropical region
of Okinawa (4, 5).

A part of this study was carried out as a co-operative project of the IFO (Japan),
Kasetsart University (Thailand), and National Center for Genetic Engineering and
Biotechnology (BIOTEC), Thailand.

Materials and Methods

Sampling sites. Twenty soil samples from the rhizosphere of eight mangrove species
were collected from the Ranong Research Center of Kasetsart University and Phang-nga
forest in southern Thailand, and three samples were collected from the campus of
Kasetsart University (K.U.) in Bangkok on March 1999 as a terrestrial soil samples (Table
1).  The mangrove collection sites were in the estuaries of two rivers debouching into the
Andaman Sea. This region has a tropical monsoon climate, with annual rainfall of 2800
mm, an average annual temperature of 27°C, and a hot season (March) temperature of 32-
36°C. Water temperature is 25-26°C, salinity is 5-30 ppt, and depth is 1-2 m. The
mangrove species Rhizophora mucronata Lum., R. apiculata Bl., Xylocarpus obovatus A.
Juss., Avicennia alba Bl., Lumnitzera racemosa Willd., Nypa fruticans Wurmb., Bruguier-
a gymnorrhiza (L.) Lam., B. indica, Kandelia candel Druce, and Sonneratia alba J.A.
Sm. dominate the vegetation of these estuaries. Only two species of collected species,
Bruguiera gymnorrhiza and Sonneratia alba, were common in Japan. Table 2 compares
the mangrove forest environments of Thailand and Japan.

Isolation methods. The isolation methods adopted are the same as in the survey of
Japanese mangrove forests reported previously (4, 5). The mud samples were suspended
in physiological salt solution containing 0.85 % sodium chloride. Two isolation methods

Table 1.  Soil samples of mangrove rhizosphere collected in Thailand.

Sample No. Date sampled Locality Vegetation of Mangrove tree
Th-1-Th-2 18/3/'99 Ranong Avicennia alba

Th- 3 - Th-4 18/3/'99 Ranong Ceriops tagal
Th-5-Th-6 18/3/'99 Ranong Rhizophora mucronata
Th-7 - Th- 8 18/3/'99 Ranong Xylocarpus obovatus
Th-9 - Th-10  18/3/'99 Ranong Bruguiera sexangula
Th-11 - Th-12  18/3/'99 Ranong Rhizophora apiculata
Th-13 - Th-14  18/3/'99 Ranong Sonneratia alba

Th-15 - Th-16  19/3/'99 Phang-nga Avicennia alba

Th-17 - Th-18  19/3/'99 Phang-nga Bruguiera sexangula
Th-19 19/3/'99 Phang-nga Sonneratia alba

Th-20 19/3/'99 Phang-nga Bruguiera gymnorrhiza
Th-21 - Th-23  22/3/'99 Kasetsart Univ.  terrestrial soil
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Table 2. Comparison of mangrove forest environments in Thailand and Japan.
Thailand Japan
Locality Rannong Okinawa
Phang-nga Iriomote and Ishigaki Is.
99°E, 9° N 127°E, 26°N
Climate tropical subtropical
27°C (Mar.) 17-19°C (Mar.)
2800 mm 2000 mm
Mangrove Avicennia alba Avicennia marina
Bruguiera gymnorrhiza Bruguiera gymnorrhiza
Bruguiera sexangula Kandelia candel
Ceriops tagal Lumnitzera racemosa
Rhizophora apiculata Rhizophora stylosa
Rhizophora mucronata Sonneratia alba
Sonneratia alba
Xylocarpus obovatus
Soil type Clay Sandy loam
Salinity 15-30%o 15-25%0

were applied: incubation at 45°C and the standard dilution plate method with X 10 and X
100 dilution. Two plates were used for each sample and method. All fungi appearing
from each sample were incubated at 45°C and 25°C for 2 and 4 days, respectively. Single
colonies were picked up from the plates under a dissecting microscope and transferred to
a half-strength malt extract agar slant.

Isolation medium. Malt extract-yeast extract-agar (per liter: 100 g glucose,” 5 g
peptone, 3 g malt extract, 3 g yeast extract and 20 g agar) containing 50 xg/ml of tetracy-
cline antibiotic was used.

Identification of isolates. Isolates were inoculated on the plates of the appropriate
medium for identification, such as oatmeal, potato carrot, cornmeal and potato sucrose
agar, and incubated at 45°C and 25°C for appropriate periods. To identify the isolates,
one representative strain of each species was used. Most were identified at K. U., and the
remainder were identified at IFO. For species identification, some strains of IFO Culture
Collection were used as reference.

Results and Discussion

Fungal population density
The number of fungi found in each sample by the dilution plate method was counted
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The average number

under dissecting microscope, and the results are shown in Figure 1.

of fungi found for each mangrove species ranged from 2.0 X 10* to 6.2X 102 cfu/g of dry
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Table 4. Fungi isolated from soils of campus of Kasetsart univesity.

[
®

Acremonium sp.

Aspergillus awamori Nakazawa

Aspergillus candidus Link

Aspergillus fumigatus Fresen.

Aspergillus niger aggr.

Aspergillus sp.

Aspergillus tamarii Kita

Aspergillus terreus Thom

Cladosporium cladosporioides (Fres.) de Vries
Coelomycetes

Curvularia lunata (Wakker) Boed.

Emericella nidulans (Eidam) Vuill.

Eupenicillium sp.

Fusarium oxysporum Schlecht. emend. Snyd. & Hans.
Fusarium solani (Mart.) Appel & Woll. emend. Snyd. & Hans.
Fusarium sp.

Gliocladium roseum (Link) Bain.

Mucor spp.

Myceliophthora thermophila (Apinis) van Oorsch.
Myrothecium cinctum (Corda) Sacc.

Neurospora crassa Shear & Dodge

Nigrospora sphaerica (Sacc.) Mason

Penicillium citrinum Thom

Penicillium funiculosum Thom

Penicillium spp.

Pithomyces graminicola R.Y. Roy & Rai
Rhizomucor sp.

Scolecobasidium sp.

a: Number of positive samples (3 samples tested).

— e e (50 U0 e e ped e e ) bt et e e i ek e et O 00 e 50 U0 el e et

soil, being lower than that in the subtropical zone of Okinawa (2.3 X 10® cfu/g of dry soil).
On the other hand, campus soil samples from K. U. gave counts ranging from 2.5X 10° to
5.0 X 10° cfu/g of dry soil, similar to those of agricultural soil in subtropical Japan (2.1 X
105 cfu/g of dry soil) (4). These findings indicate a poor distribution of fungal
propagules in the tropical mangrove mud. The reason may be the semi-anaerobic
condition of the mud, which is more clayey than mangrove soil in Japan.

Mpycobiota of mangrove rhizosphere soil

The fungi isolated from mangrove soil in Thailand were compared with those isolated
in Japan. Eighty percentage of the Thai isolates were also found in Japan, including less
dominant species (4), and almost all of them are known as typical soil-borne fungi (1, 2,
3, 6). Table 3 lists all the species of fungi isolated from mangrove soil samples by the two
isolation methods and their frequency. The number of species found per sample was
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Table 5. Fungi isolated from soil of washed mangrove roots by the dilution plate method

in Japan.
Species No. of positive Frequency

samples (% )a

Acremonium spp. 11 50.0
Cladosporium cladosporioides (Fres.) deVries 6 27.3
Coniothyrium spp. 12 54.5
Exophiala sp. 5 227
Fusarium spp. 8 36.4
Gliocladium roseum (Link) Bain. 3 13.6
Metarhizium anisopliae (Metschn.) Sorok. 3 13.6
Nodulisporium sp. 3 13.6
Paecilomyces lilacinus (Thom) Samson 8 364
Paecilomyces spp. 5 22.7
Penicillium citrinum Thom 6 273
P. crustosum Thom 3 13.6
P. Jjanthinellum Biour. 4 18.2
P. purpurogenum Stoll 8 36.4
Penicillium spp. 3 13.6
Phialophora fastigiata (Langerb. & Melin) Conant 5 22.7
Phialophora spp. 6 27.3
Phoma spp. 13 59.1
Scopulariopsis spp. 5 227
Trichoderma harzianum Rifai 10 45.5
T. koningii Oudemans 3 13.6
Trichoderma spp. 3 13.6
Sterile mycelium 16 72.7

a: Number of positive samples/total number of samples x 100 (22 samples).
Mangrove species: Avicennia marina, Rhizophora stylosa, Sonneratia alba,
Bruguiera gymnorrhiza, Kandelia candel, Lumnitzera racemosa.

fewer than in the Japanese mangrove (2.1 species/sample). Isolates mainly belong to the
mitosporic fungi. Fungi isolated by the heat incubation method were mainly Aspergillus
Jfumigatus Fresenius, A. terreus Thom, A. aculeatus lizuka, Paecilomyces variotii Bainier
and Talaromyces byssochlamydoides Stolk & Samson. The latter three of these species
were dominant in the Thai samples but were not detected in the subtropical zone of Japan.
Conversely, Acremonium alabamense Morgan-Jones, which was dominant in Japan (4),
was not detected in the Thai samples. This may reflect a geological difference in fungal
diversity between tropical and subtropical zones.

Species of the genera Penicillium and Trichoderma were dominantly detected by the
dilution plate method. These species, which decompose plant debris, are commonly
isolated from subtropical soil. Species of the mitosporic genera Coniothyrium, Phialo-
phora, and Phoma occurred less frequently than in the subtropical mangroves (4). The
reason is suggested to be differences in the mangrove environment. The fungi detected in
this survey are typical terrestrial soil fungi that are considered to have been carried in from



58 Tadayoshi Ito, Akira Nakaciry, Morakot TAnTIcCHAOREN and Leka ManNocH

100

Penicillium verrucosum
Metarhizium anisopliae

Aspergillus aculeatus

Penicillium funiculosum

Colony diameter (mm)

15 20 25 30 37 40 45
Temperature ('C) (MEA, 12 days)

Fig. 2. Hyphal growth of four strains
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BMT-39 Aspergillus aculeatus

BMT-63  Penicillium funiculosum
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Fig. 3. Salinity range for growth of four strains.

surrounding substrates and adapted to the mangrove environment.
Aspergillus species were dominantly isolated from campus soil of K.U.: 4. terreus, A.
tamarii Kita, A. awamori Nakazawa, A. candidus Link, and A. fumigatus (Table 4).
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Except for A. ferreus and A. fumigatus (4), these species are less dominant in subtropical
zone. This difference represents a difference in the fungal diversity in terrestrial soil
between tropical and subtropical zones. Penicillium funiculosum was characteristically
isolated from soil of campus of K.U., but it was not predominantly isolated in the
subtropical zone. To confirm why do such differences occur, research into mangrove
rhizosphere mycobiota should continue.

Table 5 shows the fungi dominantly detected in Japanese mangrove forest soils by the
dilution plate method (5).

Optimum growth temperature

The effect of temperature on hyphal growth was investigated for four of the isolated
fungi: A4. aculeatus, Metarhizium anisopliae (Metschnikoff) Sorokin, Penicillium ver-
ruculosum Peyronel, and P. funiculosum. Figure 2 shows the results. The optimum
temperature for A. aculeatus, M. anisopliae and P. verruculosum was 25°C to 30°C, and
that for P. funiculosum was 30°C to 35°C. These fungi may be adapted to the conditions
of the mangrove rhizosphere.

Tolerance to sodium chloride

Tolerance to sodium chloride was tested for the same four strains. Except for M.
anisopliae, the fungi grew at NaCl concentrations of up to 10 % (Fig. 3). These fungi
have been isolated from natural substrates and soil (1). Their salt tolerance means that
these fungi can withstand the high osmotic pressure if the soil in which mangrove is
growing dries up or if they are carried into salt water by the tide. That is, they are
probably able to adapt to the mangrove environment.

The smaller population and lower diversity of fungi in the Thai mangrove soil might
be due to the lower nutrient content of soil, which is mostly composed of clay particles.
However, the Aspergillus species, which adapt to high temperature, showed higher
diversity in the Thai soil.

We thank Dr. Sanit Aksornkaew (Faculty of Forestry, Kasetsart University) for
identification of mangrove species and for offering valuable suggestions.
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Phylogenetic Diversity of Cytophaga -like Strains
Isolated from the Sub-tropical Zone of Japan

Yasuyoshi NAKAGAWA, Makoto Suzuki* and Kazunori HATANO

Summary

The phylogenetic diversity of the Cytophaga-like strains isolated from
Amami- O-Shima (Amami Islet) and Iriomote Shima (Iriomote Islet) in the sub-
tropical zone of Japan was examined. Partial sequencing of 16S rDNA revealed
that 39 strains belonged to the cytophaga-flavobacteria-bacteroides (CFB) phylum
and could be divided into 15 groups (cfb 1 to 15) including 15 sub-groups. The
precise phylogenetic position of each group and sub-group was inferred from the
almost complete 16S rDNA of a representative strain. Fourteen of the groups were
located in the family Flavobacteriaceae and were affiliated with various taxa: cfb 2
clustered with the genus Salegentibacter and Cytophaga latercula; cfb 4 clustered
with Psychroserpens; cfb 6, 7, and 8 clustered with Cellulophaga; cfb 9 clustered
with Cytophaga marinoflava; cfb 11 clustered with Polaribacter; cfb 12 clustered
with the new genus ” Tenacibaculum”; cfb 13, 14, and 15 clustered with Flavobacter-
ium; cfb 3 formed a sister group of Psychroflexus; cfb 5 formed a sister group of
Capnocytophaga and Coenonia; and cfb 10 formed a sister group of Cellulophaga
and Cytophaga marinoflava. The remaining group, cfb 1, was not included in the
family Flavobacteriaceae and constituted a distinct phylogenetic lineage as a sister
group of Cyclobacterium marinum. Only cfb 8 of the fifteen groups exhibited an
exact match with any of the 16S rRNA sequences deposited in the databases.
Almost all groups were considered to represent new. genera and/or species. From
these results, it is clear that the biodiversity of the CFB phylum is much wider than
was previously thought. Unknown microbiological genetic resources are buried in
sub-tropical areas such as Amami-O-Shima and Iriomote Shima, Japan.

Keywords: Cytophaga-flavobacteria-bacteroides phylum, biodiversity, mi-
crobiological genetic resource.

The cytophaga-flavobacteria-bacteroides (CFB) phylum, one of main phyla of the
domain Bacteria, is composed of the genera Cytophaga, Flavobacterium, Flexibacter and
other genera including anaerobes such as Bacteroides (32). The taxonomy of the genera
Cytophaga, Flavobacterium, Flexibacter has a turbulent history. These genera have been
called the Flavobacterium-Cytophaga complex, because they share similar phenotypic

*Tokyo Research Laboratories, Kyowa Hakko Kogyo Co. Ltd., Machida, Tokyo 194-8533, Japan
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characteristics (7, 8, 14, 22, 26). Phylogenetic analyses based on the 16S rRNA sequences
have also shown a huge degree of biological diversity (10, 20). In the last decade, the
understanding and acceptance of the diversity of the CFB phylum have lead to emendation
and reclassification of some genera. The genus Cytophaga was emended to include only
two species, Cytophaga hutchinsonii and Cytophaga aurantiaca (21); and Flavobacterium
was emended to include Flavobacterium aquatile and its phylogenetic relatives (2). Some
misnamed Cytophaga species were allocated to new genera, Marinilabilia, Flammeovirga,
Persicobacter, and Cellulophaga (15, 19, 21, 27), and some misnamed Flavobacteirum
species were classified into Chryseobacterium, Empedobacter, and Myroides (30, 31). In
addition, new bacteria of the CFB phylum have been isolated from marine environments
of the Arctic and the Antarctic, and have been assigned to several new genera, Psychroser-
pens, Gelidibacter, Psychroflexus, Polaribacter, and Salegentibacter (4, 5, 11, 17). The
biodiversity of the CFB phylum is expanding.

In this study, the CFB group of Bacteria was isolated from coastal sea regions in the
sub-tropical zone of Japan. The 16S rDNA sequences of the isolates were determined to
investigate their phylogenetic positions and the biodiversity of the CFB phylum.

Materials and Methods

Sampling. Water samples were collected from mangrove areas in Iriomote Shima
(Iriomote Islet), Okinawa Prefecture, Japan (24°15’ N, 123°50’ E) in February 1998 (Table
1). Rocks, seaweed, seawater, and sponges were collected from the seashore, and water
and fallen leaves from mangrove in Amami-O-Shima (Amami Islet), Kagoshima Prefec-
ture, Japan (28°15" N, 129°25" E) in March 2000 (Table 1). Both islands are located in
the sub-tropical zone.

Isolation and cultivation of strains. Samples were suspended in 5 ml of 0.85 % NaCl
solution and homogenized. The homogenates, seawater and water samples were decimal-
ly diluted to 1072.  One hundred g1 of each dilution was plated onto the following media

Table 1. Source of isolates.

R Media used for

Name of source” Source Environment Location isolation
AM1 Sea weed Sea shore Amami SP5
AM2 Sea weed Sea shore Amami SP5
AM3 Sea water Sea shore Amami SPs
AM4 Sponge Sea shore Amami SPS
AMS Sea weed Sea shore Amami SPS
AMS Fallen leaf Mangrove Amami SP5
AMS9 Sea weed Mangrove Amami SPS
AMI10 River water Mangrove Amami SP5
AMI11 Sea water Sea shore Amami SP5
AM12 Rock Sea shore Amami SP5
P7 River water Mangrove Iriomote PY,PYSW
P12 River water Mangrove Iriomote PY,PYSW

" The first half of strain no. corresponds to the name of source.
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to isolate bacterial strains: PY medium, containing 0.5% of Polypepton (Wako Pure
Chemical Industries, Osaka, Japan), 0.25 % of yeast extract (Difco Laboratories, Detroit,
Mich., USA), 0.01 % of MgSO, « 7TH,0, and 1.5% of agar in 1 L of distilled water (pH
7.0); PYSW medium, containing the same components as PY medium in 750 ml of
artificial sea water (Jamarin S, Jamarin Laboratories, Osaka, Japan) and 250 ml of
distilled water (pH 7.2-7.4); SP5 medium (23), containing 0.9 % of Casitone (Difco), 0.1 %
of yeast extract in 1 L of artificial sea water. The plates were incubated at 25°C.
Colonies appearing on the plates were purified and preserved by freezing at —80°C and/
or L-drying.

Preparation of DNA template for PCR. A sample of a colony taken by pricking it
with a sterilized toothpick was suspended in 50 gl of sterile and distilled water. The
suspension was boiled for 10 min, then immediately transferred into ice water. After
centrifugation at maximum speed for 10 min, 1 gl of the supernatant containing crude
DNA was used as a DNA template for PCR (24).

PCR amplification and sequencing of 16S rDNA. The almost complete 16S IRNA
gene (16S rDNA) was amplified by PCR with the primers 9F (5-GAGTTTGATCCTG-
GCTCAG, the same sequence as positions 9 to 27 [ Escherichia coli numbering system of
Brosius et al. (6)]) and 1541R (5'-AAGGAGGTGATCCAGCC, complementary to
positions 1525 to 1541). The 1.5-kb amplified 16S rDNA fragment was purified by using
a GFX PCR DNA and gel band purification kit (Amersham Pharmacia Biotech, Japan,
Tokyo, Japan) or by agarose gel electrophoresis and a QIAquick gel extraction kit
(Qiagen, Hilden, Germany). The PCR products were directly sequenced by using a
BigDye terminator cycle sequencing ready reaction kit (Applied Biosystems, Foster City,
CA, USA) and an ABI PRISM 310 Genetic Analyzer (Applied Biosystems). The partial
16S rDNA sequences (ca. 500 bp) were determined with the oligonucleotide primers 9F
and 536R (5-GTATTACCGCGGCTGCTG, complementary to positions 519 to 536) for
initial search of the taxonomic position of the isolates. The oligonucleotide primers used
to sequence the full length of amplified 16S rDNA were 339F (5'- CTCCTACGGGAGG-
CAGCAG, the same sequence as positions 339 to 357), 785F (5- GGATTAGATACC-
CTGGTAGTC, same as positions 785 to 805), 1099F (5'—GCAACGAGCGCAACCC,
same as positions 1099 to 1115), 802R (5"-TACCAGGGTATCTAATCC, complementary
to positions 785 to 802), 1115R (5-AGGGTTGCGCTCGTTG, complementary to
positions 1100 to 1115) and 1541R, in addition to 9F and 536R.

Phylogenetic analysis. The 16S rDNA sequences were assembled with the AutoAs-
sembler program (Applied Biosystems). Partial 16S rDNA sequences of the isolates were
compared with sequences in the available DNA databases using the BLASTN algorithm
(1) to search for close evolutionary relatives. The isolates that were found to relate with
the CFB phylum were divided into fifteen groups including fifteen sub-groups based on
the sequence similarities. The almost complete 16S rDNA sequences determined for a
representative strain of each group were aligned with the sequences of reference organisms
derived from databases using the CLUSTAL W ver. 1.8 software package (29). The
alignments were modified manually against the 16S rRNA secondary structure of Escheri-
chia coli (12). Phylogenetic relationships were inferred from the phylogenetic tree based
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on the neighbor-joining method (25) and the K. values (16) by using the CLUSTAL W.
Positions at which secondary structures varied between strains and caused an ambiguous
alignment (142-220, 447-487, 841-845, 991-1045 and -1134- 1140), positions before 111
and after 1376, and all sites for which sequences were not determined in any reference
organisms were excluded from the analysis. The topology of the phylogenetic tree was
evaluated by the bootstrap resampling method of Felsenstein (9) with 1,000 replicates.

Table 2.  Grouping of isolates.

Sea water
Group Sub-group Strain no.” . Isolated from:
requxrement
cfb 1 AMS-1, AM8-3? - Amami
cfb 2 AM2-1% + Amami
cfb 3 AM3.2? - Amami
cfb 4 4-1 AM1-8? + Amami
4-2 AMS-7? + Amami
cfb S p7-7? + Triomote
cfb 6 6-1 AM2-2S”, AMS-4, AM11-1S, AM11-10, AM11-158 wP Amami
6-2 AM11-7? + Amami
cfb7 AM3-17, AMS-6, AM10-3, AM11-8, AM12-2 - Amami
cfb 8 AMS8-48? + Amami
cfb 9 AM4-3% - Amami
cfb 10 AM24? + Amami
cfb 11 11-1 AMI1-3%, AM11-12 + Amami
112 AM11-3%, AM11-9 w Amami
cfb 12 AM1-1%, AM1-7 + Amami
cfb 13 AM10-1? - Amami
cfb 14 14-1 Pi2-11? - friomote
14-2 p12-22% - Iriomote
14-3 P12-27? - Iriomote
cfb 15 15-1 AMS-2?, AMS-5 - Amami
152 AM9-37, AM11-16 - Amami
15-3 AM9-45? - Amami
15-4 AM10-8? - Amami
15-5 AM11-48? - Amami
15-6 AM12-3? - Amami

Y Strains in same group or sub-group show the identica! partial sequence of 16S rDNA.
A Representative of each group or sub-group of which almost full length of 16S rDNA sequence was determined.

W, weakly positive.

Fig. 1. Phylogenetic positions of isolated strains in the cytophaga—ﬂavobacterié—bacteroides phy-
lum. Agrobacterium tumefaciens, Bacillus subtilis, and Escherichia coli were used as the
root organisms. Accession numbers of the sequences are shown in parenthesis. All data
except for Blattabacterium cuenoti (strain has not cultivated yet), Cyclobacterium marinum,
Empedobacter brevis, Persicobacter diffluens, Spirosoma linguale, and Thermonema lapsum
are derived from the type strain. Scale bar=0.02 K. in nucleotide sequences. The numbers
of the branches are the confidence limits estimated by a bootstrap analysis. The lengths of
the vertical lines are not significant.
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Results and Discussion

Grouping of isolates

The initial phylogenetic analyses to search for the taxonomic positions of all isolates
were examined with the partial sequences of 16S rDNA (ca. 500 bp). Homology search
based on these sequences using BLASTN revealed that 39 strains belonged to the CFB
phylum. These strains were divided into fifteen groups by the sequence similarity, and
five of these groups were subdivided into fifteen sub-groups by sequence identity (Table
2). Strains in the same group or sub-group showed the identical partial sequences of 16S
rDNA. The almost complete sequence of 16S rDNA for a representative strain of each
group was determined to clarify their precise taxonomic positions. The length of
sequences determined ranged from position 29 to 1524. The phylogenetic tree depicted by
the neighbor-joining method and the K. values based on the almost complete sequences
showed that fourteen groups were assigned to the family Flavobacteriaceae (Fig. 1, 2).
The taxonomic position of each group is discussed below.

The cfb 1 group

The cfb 1 group is the only group that was not included in the family Flavobacter-
iaceae. It formed a distinct lineage in the CFB phylum as the sister group of Cyclobacter-
ium marinum. This group will be classified as a new genus from the point of view of the
sequence difference.

The cfb 2 group

The cfb 2 group constituted a cluster with [ Cytophaga] latercula (square brackets
indicate a misnamed organism). [Cytophaga] latercula was not included in the genus
Cytophaga as emended by Nakagawa and Yamasato (21). Its taxonomic position
remains unsettled. The phylogenetic neighbor of cfb 2 is the genus Salegentibacter,
which was proposed for [ Flavobacterium] salegens (17). The cfb 2 strain is a halophilic
bacterium, as are [ Cytophaga] latercula and Salegentibacter. Phylogenetic analysis
suggested that cfb 2 and [ Cytophaga] latercula should be classified in a new genus or a
new species of the genus Salegentibacter. '

The cfb 3 group
The cfb 3 group was a sister group of the genus Psychroflexus. The genus Psychro-
flexus accommodates two species, Psychroflexus gondowanensis and Psychroflexus

Fig. 2. Phylogenetic positions of isolated strains in the family Flavobacteriaceae. All available data
of the species belonging to the Flavobacteriaceae are included (data for Myroides odor-
atimimus and Riemerella columbina are not available). Data for all strains except
Empedobacter brevis, “Flavobacterium xylanivorum” (strain number is unknown), and
“Sporocytophaga cauliformis” are derived from the type strain. The details are described in
the legend to Fig. 1.
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torquis, that were isolated from Antarctica. Psychroflexus torquis is a halophilic and
psychrophilic bacterium that requires NaCl for growth and cannot grow at above 20°C (5).
In contrast, the cfb 3 strain grew at 25°C without NaCl. It will probably be classified in
a new genus, considering the phylogenetic distance between cfb 3 and Psychroflexus,
although detailed studies will be needed.

The cfb 4 group

The cfb 4 group was a sister group of the genera Psychroserpens and Gelidibacter.
Both genera were proposed for strains isolated from Antarctica (4). Psychroserpens
burtonensis, the sole species of the genus, requires sea water for growth and cannot grow
at above 20°C. The cfb 4 group also needs sea water for growth, but growth occurred at
25°C. Further taxonomic studies may place it in a new genus.

The cfb 5 group

The cfb 5 group formed a distinct lineage at the periphery of the cluster composed of
the genera Capnocytophaga and Coenonia. Strains of Capnocytophaga and Coenonia
are associated with mammals and birds. The cfb S strain is a marine bacterium that
requires sea water for growth; furthermore, the 16S rRNA analysis clearly separated cfb
5 from both Capnocytophaga and Coenonia.

The cfb 6, 7, and 8 groups

The cfb 6, 7 and 8 groups were included in the genus Cellulophaga. Cellulophaga
was proposed to accommodate three species, Cellulophaga Iytica (formerly [ Cytophaga]
Iytica) as the type species, Cellulophaga baltica, and Cellulophaga fucicola (15). Bow-
man (3) added two species, Cellulophaga uliginosa transferred from the genus Cytophaga,
and Cellulophaga algicola. The closest phylogenetic neighbors of cfb 6 and 7 were
Cellulophaga uliginosa and Cellulophaga baltica, respectively. However, both groups
were distant from the known species in the genus and probably constitute independent
species. The cfb 8 strain showed identical sequences with Cellulophaga lytica, suggesting
that it should be identified as Cellulophaga Dtica.

The cfb 9 and 10 groups

The cfb 9 strain was related with [ Cytophaga] marinoflava and formed a distinct
cluster with cfb 10. It has been suggested that [ Cytophaga] marinoflava is misplaced in
the genus Cytophaga and should be classified in a new genus (20). Based on 16S rRNA
sequence analysis, the cfb 9 strain will be placed in the same genus as [ Cytophaga]
marinoflava. The cfb 10 strain is comparatively remote from them, and it is unclear
whether it should be classified in the same genus as cfb 9 and [ Cytophaga] marinoflava.

The cfb 11 group

The cfb 11 group was placed in the genus Polaribacter proposed by Gosink et al.
(11). Polaribacter includes four species that were isolated from the Arctic and the
Antarctic and cannot grow at above 25°C. The cfb 11 isolates are the first Polaribacter
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strains that are not psychrophiles, being isolated from the sub-tropical zone.

The cfb 12 group

The cfb 12 group constituted a cluster with the new genus “ Tenacibaculum”. Suzuki
et al. (28) proposed establishing the new genus “Tenacibaculum” with two new species,
“Tenacibaculum amylolyticus” and “Tenacibaculum mesophilum”, and transferring
[ Flexibacter] ovolyticus and [ Flexibacter] maritimus into “Tenacibaculum”.
Phylogenetic analysis clearly showed that cfb 12 should be classified in “ Tenacibaculum”.
Its phylogenetic neighbor is [ Flexibacter] ovolyticus, a known fish pathogen (13).
Detailed taxonomic investigation should confirm the taxonomic position of cfb 12 in the
genus “Tenacibaculum”.

The cfb 13, 14, and 15 groups

The cfb 13, 14 and 15 groups were affiliated with the genus Flavobacterium, but each
of them formed a distinct lineage in the genus. The cfb 13 strain was related with the
invalid taxon, “Flavobacterium xylanivorum”, of which the 16S rRNA sequence is
available. It is clear from phylogenetic analysis that cfb 13 should be classified in
Flavobacterium, while cfb 14 and 15 were located at the periphery of Flavobacterium.
The bootstrap values for clustering of cfb 14 and 15 with Flavobacterium are low,
indicating that the classification of these groups in Flavobacterium is uncertain.
Chemotaxonomic and phenotypic analysis should clarify the taxonomic allocation of these
bacteria.

As discussed above, we have isolated bacterial strains belonging to the CFB phylum
from the sub-tropical zone of Japan. These strains are divided into fifteen groups, and
most of them appear to represent novel genera and/or species based on phylogenetic
analyses derived from 16S rRNA sequences. It is evident that the biodiversity of the CFB
phylum is much wider than was previously thought. Further investigation will be needed
to clarify the biodiversity of the CFB group of Bacteria, but it is clear that the sub-tropical
zone of Japan, including Amami-O-Shima and Iriomote Shima, is a treasure house of new
microbiological genetic resources.

This work was supported in part by a Grant-in-Aid for Encouragement of Young
Scientists (No. 08760313) from the Ministry of Education, Science, Sports and Culture of
Japan to YN. This study also received funding from Grants-in-Aid for Scientific
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Taxonomic significance of 2-hydroxy
fatty acid profiles of the species
in the genus Sphingomonas and related taxa

Mariko TAKEUCHI and Akira HIRAISHT*

Summary

Cellular fatty acid compositions of 29 strains of the genus Sphingomonas and
related taxa grown on different media and at different temperatures was examined
from the viewpoint of taxonomy. These bacteria contained a large amount of
straight-chain saturated and unsaturated acids of Cis:0, C13:1 or Ci7:1, 2-
hydroxy fatty acids of C 14:0 or C15:0, and a minor amount of other acids. The
total compositions of saturated and unsaturated fatty acids were affected by the
culture temperature, and the minor components or second most common type of
whole-cell or glycosphingolipid (GSL) fatty acids were affected by the composition
of growth media. However, no noticeable differences were found in the primary
components of whole-cell or GSL fatty acids with changes in culture conditions.
2-Hydroxy fatty acid profiles of the GSLs of the strains grown on the rich medium
(R medium) at 30°C characterized the sphingomonads of each of four phylogenetic
clusters. These results show that when the culture conditions are standardized, the
fatty acid profile provides reliable information for identification of these bacteria.

Keywords: glycosphingolipid, fatty acid profile, Sphingomonas.

Since the proposal of the genus Sphingomonas by Yabuuchi et al. (18), large numbers
of new species isolated from various environments have been added, and it has come to
encompass a relatively broad range of species with respect to physiology and ecology.
These species are also genetically relatively diverse and can be classified into at least four
clusters within the @-4 subgroup of the Proteobacteria (12), as reported previously (11,
21). However, remarkable differences in morphological and physiological characteristics
that distinguish these clusters have not been found. Segers et al. (11) suggested that S.
yanoikuyae and S. capsulata belong to a genus other than the genus Sphingomonas, and
this suggestion was supported by polyamine profiling (2, 7, 9). Kawahara et al. (5)

*Department of Ecological Engineering, Toyohashi University of Technology, Tenpaku-cho, Toyohashi
441-8580, Japan
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suggested that oligosaccharide types in the glycosphingolipids (GSLs) are different among
species in the genus Sphingomonas and should be useful for taxonomy of this genus. The
GSLs are the most important characteristic component of the genus Sphingomonas and are
composed of the long-chain base dihydrosphingosin, 2-hydroxy (2-OH) fatty acids, and
oligosaccharides. The 2-OH fatty acid compositions of GSLs also differ with species in
the genus Sphingomonas: most species have 2-hydroxymiristic acid (2-OH C 14:¢) as the
primary component, but S. macrogoltabidus and S. terrae, which are included in the
phylogenetic subclass 2 of the genus Sphingomonas (15, 21), contain 2-OH C js:0 in
addition to 2-OH C 14:0 or 2-OH C 15:0. Thus, the chemotaxonomic and phylogenetic
heterogeneity existing in the genus Sphingomonas calls for taxonomic improvement
regarding this genus and related sphingomonads.

To determine the reliability and usefulness of fatty acid profiles in the taxonomy of
sphingomonads, we investigated the effects of culture conditions on cellular fatty acid
composition. This paper describes the characterization of the fatty acid profiles of
sphingomonads grown on different media and at different temperatures, and the usefulness
of this character for classification of species in the genus Sphingomonas and related taxa.

Materials and Methods

Bacterial strains and cultivation. The strains used in this study are shown in Table
1. They are divided into four clusters based on 16S rDNA sequences as reported
previously (16). All strains were cultured aerobically at 24°C, 30°C, and 37°C in peptone-
yeast medium (PY medium), which contains, per liter, 10 g of peptone, 2 g of yeast extract,
and 1 g of MgSO, « 7TH,0 (pH 7.0); and at 30°C in rich medium (R medium)(19), which
contains, per liter, 10 g of peptone, 5 g of yeast extract, 5 g of malt extract, 5 g of Bacto-
casamino acids, 2 g of beef extract, 2 g of glycerol, 50 mg of Tween 80, and 1 g of MgSO, *
7H,0 (pH 7.0).

Cellular fatty acid analysis. Cells were harvested at the mid-exponential phase of
growth, washed with distilled water, and freeze-dried. Cellular fatty acids were extracted
from dried cells (50 mg) by acid methanolysis, purified (20), and analyzed by GLC-MS
with a Shimadzu GCMS-QP 5000 spectrometer combined with a CLASS-5000 MS
Workstation computer system. Gas-liquid chromatography (GLC) was performed with
a Shimadzu GC-17A gas chromatograph equipped with a BPX 70 capillary column
(SGE) containing 70 % cyanopropyl equivalent modified siloxane (50 mX0.25 mm).
Components were separated with helium as carrier gas at a flow rate of 1.4 ml min—! under
the following thermal conditions: 80°C for 2 min, 80-150°C at 15°C min~!, 150-250°C at
8°C min~!, and 250°C for 5 min.

Glycosphingolipid analysis. GSLs were extracted from dried cells (50 mg) with
chloroform-methanol (1:3, v/v), treated with 0.1 N NaOH at 100°C for 1 h, and extracted
twice with the chloroform-methanol mixture (6). The lipids were separated by TLC with
Merck Kieselgel 60F,;, plates using chloroform-methanol-acetic acid-H,0O (100:20: 12 :
5, v/v) as the developing solvent (6). The major spot, corresponding to the
monosaccharide- type GSL, was scraped off from the plate and subjected to fatty acid
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analysis as noted above.
Results

W hole-cell fatty acid profiles

The whole-cell fatty acid compositions of 29 strains grown at 30°C on PY medium
are shown in Table 2. Most strains of the genus Sphingomonas contained straight-chain
unsaturated acids of C 13:1 and 2-hydroxy acids of C 14:¢ as the primary component, and
straight-chain saturated acids of C 6: 0 as the second most common type of the whole-cell
fatty acids, but other cellular fatty acid components varied among strains. S. asacchar-
olytica TFO 154997 contained 2-OH C 5:¢ as the primary component, and Sphingomonas
sp. IFO 15914, S. terrae IFO 150987 and Sphingomonas sp. IFO 15917 contained C 17:,
and 2-OH C i5:0 as the primary components of whole-cell fatty acids.
Effect of culture temperature on whole-cell fatty acids

Whole-cell fatty acid compositions of the representative strains of the genus Sphin-
gomonas and related taxa grown at different temperatures are shown in Table 3. The
compositions of unsaturated acids of C is:; in all strains are lower in each strain grown
at 37°C than at 24°C. On the other hand, the compositions of unsaturated acids of C 17:;
of Sphingomonas sp. IFO 15914, S. terrae TFO 150987, B, natatoria IFO 156497, E,
longus IFO 14126™ and R. suberifaciens IFO 152117, did not change with culture tempera-
ture. However, the total compositions of unsaturated acids of C 16:1, C 17:1 and C 15:, of
the whole-cell fatty acids of all strains except Sphingomonas sp. IFO 15914 decreased with
the increase in culture temperature. On the contrary, the compositions of each saturated
acid and total compositions of 2-OH C 11:0 and 2-OH Cs5:0 of all strains except
Sphingomonas sp. IFO 15914 were higher in each strain grown at 37°C than at 24°C.
Sphingomonas sp. IFO 15914 did not grow well at 24°C, and the fatty acid composition
of this strain grown at 24°C was not reliable.
Effect of the composition of the culture medium on the whole-cell fatty acids

Whole-cell fatty acid compositions of the representative strains of the genus Sphin-
gomonas and related taxa grown on different culture media are shown in Table 4. Many
minor components such as C1s:0, C16:1, C17:0, C15:0, C 15:2, 2-OH C 15:0, 2-OH C 16:0,

* Abbreviations: American Type Culture Collection, Maha‘ssas, VA, USA; CIP, Collection of the
Institute Pasteur, Paris, France; DSM, Deutsche Sammlung von Mikroorganismen und Zellkulturen
GmbH, Braunschweig, Germeny; GIFU, Department of Microbiology, Gifu University School of
Medicine, Gifu, Japan; IAM, Institute of Molecular and Cellular Biosciences, University of Tokyo,
Tokyo, Japan; IFO, Institue for Fermentation, Osaka, Japan; JCM, Japan Collection of Microorgan-
isms, Institute of Physical and Chemical Research (RIKEN), Hirosawa, Wako, Japan; LMG, Labor-
atorium voor Microbiologie, Universiteit
Gent, Belgium ; NCIB, National Collection of Industrial Bacteria, NCIMB (National Collection of
Industrial and Marine Bacteria) Ltd., Aberdeen, Scotland, UK.; NCPPB, National Collection of Plant
Pathogenic Bacteria, Harpendern, UK.; NCTC, National Collection of Type Cultures, Central Public
Health Lab. Service, London, UK.; SMCC, Subsurface Microbial Culture Collections, Florida State
University, USA.



Mariko TakeucHr and Akira HiralsH

76

4 ¥4 4 ]! ¢ 1€ 9 L4 4 4 £ 1H1est susjogjLiegns Y
4 8l 12 8l 4 e 9 g 8 9 € 19Ciyl sniuoj 3
L |4 9 6 Ge 91 8 €l 169961 eloE8U G
ve 14 9l [4 ye 9 14 14 14 € L1651 ds seuowoFunyds
L8 oL 8l ¢ H 0z Gl 51651 ds seuowo3uyydg
8l L 8l 45 g ¢ LS 14 186061 oeue; g
S ol € ¢ 9 e ol £ el ¢ [4 18051 snpiqejjosoioew g
Al 483sn|D wNQOEQNQ.R\Qm.
6 ¥4 8¢ 9l L9 198091 esueLIqns G
(174 4} oL vl 186091 eonoseqns g
£ ¥e 9¢ L G¢ 158091 edns g
£e 0§ L el 180251 esos g
4 ge 28 £ € S 18€5¢1 EJE/NSdED S
14 €¢ 44 £ € 178081 Suelonopewolie g
|1} 4838Nh|D sevowoduyds
g ve [4> 2. 4 ¢ 8 01 8 160161 sefmyjjouef s
€ € 8¢ 6 G L ] 1G1P91 Sueionopioiqiel g
£ 14 ! 9¢ 9 ¢ 13 3 6 L 10L191 eofjousydosofys 'S
|| 483sh|D seuowoSuyds
0¢ ] 4 ¢l Ly 8 ¥1651 ds sevowosuydg
I 14 £e 6 ¢ I 144 S L6¥G1 ‘ds sevowosuydg
L4 (44 [} I ¢ Ll € L 9661 ds sevowosuydg
4 12 le 9 8 € Gl 8 8 G6¥S1 ‘ds sevowoduyds
6¢ 5] 4 [4 14} 8 1LG191 usdeng g
e 0§ 1 9 L ! 1LE6E1 swndues ‘g
Le 0% ¢ 0l 186¥G1 Junid g
8¢ 09 [ 0l 16€6€1 sipqowned g
[43 95 9 L 100161 syiqowyonedesed ‘s
8 02 9 91 0l 0l 10066 rpw g
9 €¢ B 4 Gl ¢ ¢ L 14 16PLS1 seplouqoe g
¥e Gl ¢¢ ¢l 9l 14 9 166¥G1 eophjoseysoese ‘s
8¢ Ly 9 L gl 166061 enseeype G
(0yoLi3s nsuas sewowosulyds snuad) | JeIsn|Q seuowosulyds
191 08l OSI 0¥l 28l 181 08L 1L Aol oL Z9L 191 091 LSL 06l cvl Lyl Oyl ou seiveds pue
HO-2 4ejoduoN o4l ;muw:_o_. oneusdojAyd
(%) uonisoduiod ploe A3 ’
*SWISIUEBS100I01W PRl
pu® spuowo3ulyds Jo SIBISNId Inoj Yl ul $9103ds oY jo suotisodwod proe A1iey [[90-9[0YA, T J[qBL




77

ingomonads

ficance of 2-hydroxy fatty acid of sphi

ic signi

Taxonom

1 4 01 44 £e 9 4 6 9 4 o1y ¢4
4 14 le gl g 1€ 9 14 g ] £ 0.0€
1 € 44 ¢l 43 g L g L 9 Dol 118G | susporjliagns Y
[ 0l ] 6¢ e 9 4 8 9 l e1y /4
} 4 8l 4 8l c 3> 9 § ] 9 € 008
I L1 ¢ 14 e 4 8 9 0l 8 0ol€ 1921 y) snduoy 3
[ 8 [ ve 1e 9 6 4 I 002
L 14 9 ol Ge 9l 8 gl 0,08
14 L 61 €l 4 4 g S 9 14 0oL 16¥9G| eLorereU g
€ ¢l 8 6¢ ve 4 13 g I Oot2
4 81 L 8l 43 g 1 L ] 14 0008
I 44 ol Gl Lz ¥ [ ¢l 4 4 Ol 186061 2U9) S
6 14 134 8¢ 8 o1y 74
§ ol €¢ I 9 ¥4 0l € €l 1 2 0D.0¢
g 9l ol oy L L § 0ol ,E80G1 snprgeyodosoews '
Al 48180 seuowosuyads
4 ve 14 § 61 I Oove
6 le 8¢ 9l L 9 0.0¢
€ Lz 14 g Ll 9 0ol 198001 paueLqns g
11| 483N sewowosuIyds
l 9t (44 4 4 9 6 o1y 74
€ ve 6¢ 4 ¢ 8 0l 8 0,08
€ 4 9€ Ge € € 4 6 € 0ol 120161 sefnyjoues ‘g
|| 488N sevowosuydg
€¢ 6 ¥4 ¥4 4 l 14 4 O.v2
0 § 14 ¢l Ly 8 0.0¢
0¢ 9 Ll Ly 8 4 0oLt y1651 'ds sevowosuyyds
+14 ¥9 ¢ € 9 o1y 44
8¢ 05 [ ol 0.08
0g LS ¢ [ 6 [eTYA 1GE68 | siqowsoned '
(030138 nsuss sevowosurds snusd) | 483sn|) seuowosuyas
9L 091 061 o+l Z8L b8l o8l Ll AofL oLk 29 KeL  0'8F BGL 06 ZWE bl Ol soloads
HO-2Z Jejoduop ‘dwa ) :

(%) uorysodwood pioe Ayjey

pue 193sn|o 013U 0lAYH

‘sonjerodwa) JuaayIp 18 umoid speuowoduryds oY1 Jo suonisodwod pe A1ej 1130-3]0Ypm

€ 9qeL




Mariko TakeucH! and Akira HiralsHI

€ el 8l ve v 8 L g d
4 ¥4 14 g1 14 1e 9 14 S G € Ad 1h1eG 1 susiorjiagns Y
4 14 € 02 ge € 9 ] € d
¢ 81 L4 14 8l 4 e 9 g 8 9 € Ad 1921y snduo) 3
1 Gl 8 0z 6¢ 8 14 4 14 o
L L4 9 6 g€ 9l 8 £l Ad 16V9G1| BLo1ERL g
4 el 6 9¢ €¢ ¥ 4 Gl 9 4 ]
8l L 8l 43 G 4 1l g 14 Ad 186061 98431 'S
8 el 9¢ 1e cl -}
G ot €2 4 ] ¥4 ol el Ad. ,£€061 snpiqeyoFosoew s
Al 48318Nn|0) seuowosuIyds
I 9¢ 24 4 0c ¢ d
6 ¥4 8¢ 9l L 9 Ad 198081 eaueLB1qns 'S
0¢ 9¢ €l g 8 8l d
€ 14 9€ 3 °14 Ad 16809 B19Ms S
8¢ 09 4 ot o
4 Ge 4] € € § Ad 1£€62 | BpgnIsdes g
|| 483sN|D seuowosuyds
(44 14 € 0! o
€ ve 43 4 1 8 0l 8. Ad - 120161 sefmyouef s
Gl 14 4 ot L gl -}
€ € 14 6v g L § Ad- 1G§1¥9] suetonopioiqisy 'S
} 62 i1 4 0l 6 o
€ [ l 9e 9 ¢ € £ 6 L Ad  12L191 BAyoudlydololyd S
|| 4838NID seuowosuIyds
Gl g ¥4 134 G 9 € 14 d
0z S 4 cl Ly 8 Ad 1651 “ds seuowodujyds
*14 LS € Ll d
8¢ 0§ 4 113 Ad 1GE6E ) sqousoned g
8 ve e 61 6 6 d
8 0¢ 9¢ ] ol ol Ad 100861 yew g
e 44 € 6 61 d
9 € €€ v Gl ¢ 4 3} 14 Ad 1SVLG | sapiouiyos g
. (o1oM3s nsuss sevowodulyds snuald) | 4aysn| seuowosuyds
9L 091 0:GL O'b1 Z8L 8L O08L k4L AL OLL Z9L gL 09t 0GL Tl soroads
HO-2 A7toduoN wnpew pue ‘.oum:_o. on3suadojhyy
(%) uorusodwoo proe Ayje 4 )
"BIPAW JUSIRJIP U0 umold speuowoSuryds jo suonisodwos proe Ajej [[99-9[0YM b 9[qBL




Taxonomic significance of 2-hydroxy fatty acid of sphingomonads 79

Table 5. 2-Hydroxy fatty acid composition of sphingolipids of species of the genus Sphingomonas
and related genera grown on different media.

. Composition (%)
Phylogensel;t:it::lster and Strain PY Medium R medium
14:0 15:0 16:0 16:1 14:0 15:0 16:0
Cluster | (genus Sphingomonas)
S. adhaesiva IFO 150997 100 100
S. asaccharolytica IFO 154997 39 61 18 82
S. echinoides IFO 157427 79 21 100
S. mali IFO 155007 )| 29 75 25
S. parapaucimobilis IFO 151007 100 100
S. paucimobilis IFO 139357 100 100
S. pruni IFO 154987 86 14 100
S. sanguinis IFO 139377 100 100
S. trueperi IFO 161577 98 2 100
Sphingomonas sp. IFO 15495 81 19 100
Sphingomonas sp. IFO 15496 84 16 100
Sphingomonas sp. IFO 15497 96 4 100
Sphingomonas sp. IFO 15914 18 82 25 75
Cluster Il (genus Sphingobium)
S. chlorophenolica IFO 161727 84 3 5 8 100
S. herbicidovorans IFO 164157 83 8 9 100
S. yanoikuyae IFO 151027 92 8 100
Cluster lll (genus Novosphingobium)
S. aromaticivorans IFO 160847 87 13 100
S. capsulata IFO 125337 96 4 100
S. rosa IFO 152087 100 100
S. stygia IFO 160857 89 11 100
S. subarctica IFO 160587 87 13 100
S. subterranea IFO 160867 70 30 100
Cluster |V (genus Sphingopyxis)
S. macrogoltabidus IFO 15033 67 33 62 38
S. terrae IFO 150987 32 51 12 5 39 52 9
Sphingomonas sp. IFO 15915 34 27 28 1 nd
Sphingomonas sp. IFO 15917 13 75 7 5 nd
Blastomonas natatoria IFO 156497 35 23 15 27 16 79 5
Blastomonas ursincola DSM 9006 60 26 14 59 22 19
Erythrobacter longus IFO 141267 13 75 6 6 16 74 10
Porphrobacter neustonensis ~ DSM 94347 54 24 22 nd
Rhizomonas suberifaciens IFO 152117 90 10 84 16

nd, not determined.

and 2-OH C is:, that were detected in the strains grown on PY medium were not found
in the strains grown on R medium. However, there was little difference in the primary
components of the whole-cell fatty acids of the strains grown on different media.
2-OH fatty acids of glycosphingolipid

The fatty acid compositions of GSLs extracted from the cells grown on different
media at 30°C were examined (Table 5). 2-Hydroxy fatty acids of C 15:0 and C ;5:0 were
detected in S. echinoides IFO 157427, S. mali IFO 155007, S. pruni 1FO 154987,
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Sphingomonas trueperi IFO 161577, Sphingomonas sp. IFO 15495, Sphingomonas sp.
IFO 15496, and Sphingomonas sp. IFO 15497 as the primary components (71-98 %) or as
the second most common type of fatty acids (2-29 %) when they were grown on PY
medium. However, when they were grown on R medium, only 2-hydroxy acids of C 14:0
were detected in these strains. The sole exception was S. mali IFO 155007, which
contained 2-OH C 14:0 and 2-OH C5:0 as the primary (75 %) and the second most
common type of fatty acid (25 %), respectively, regardless of the medium composition.
On the other hand, S. asaccharolytica IFO 154997 and Sphingomonas sp. IFO 15914 also
contained 2-hydroxy acids of C 1s5:0 and C 14:0 as the primary (61-82 %) and the second
most common type of fatty acid (18-39 %), respectively, regardless of the medium composi-
tion. These results showed that two types of GSLs exist in the strains of cluster I: GSLs
composed of only 2-OH C 14:0, or 2-OH C 14:0 with small amounts of 2-OH C i5:0 ; and
GSLs composed of 2-OH C 50 with small amounts of 2-OH C 4:.

On the other hand, minor or second most common type of fatty acids of 2-hydroxy
acids of C 15:0, C16:0, or C16:1 (3-30 %) were detected in the strains of clusters II and III
when they were grown on PY medium. However, when they were grown on R medium,
only 2-OH C 14:0 was detected in these strains. These results showed that the GSLs of
the strains in clusters II and III are composed of 2-OH C 14:5 only. On the contrary,
strains in cluster IV contained 2-hydroxy acids of C 14:0, C 15:0, or C i6:0 as the primary
components of fatty acids of GSLs, regardless of the medium composition. These results
showed that the GSLs of the strains in cluster IV are composed of 2-hydroxy acids of
Ca:0, Cis:o, or Cis:o.

Discussion

Bacterial fatty acid composition was considered to be useful for the study of interrela-
tions and for rapid identification of Pseudomonas species (4), bacteriochlorophyll-
containing bacteria, which include Rhodospirillaceae genera and Erythrobacter (17), and
coryneform bacteria (13). It has been suggested that the properties of fatty acid synthase
are useful for the taxonomic characterization of corynebacteria (1).

To clarify the usefulness of fatty acid compositions for taxonomic purpose and for
identification of the sphingomonads, we investigated the effects of culture conditions on
fatty acid composition. In addition, we examined the GSL fatty acid profiles of sphin-
gomonads grown on different media, because GSL is the most important component for
characterizing sphingomonads taxonomically.

In general, when cells are grown at higher temperatures, the composition of saturated
fatty acids increases and the composition of unsaturated fatty acids decreases (1, 13). In
this study, we confirmed that the culture temperature affected the total compositions of
saturated and unsaturated fatty acids. On the other hand, contrary to the report that the
composition of the culture medium did not affect the fatty acid composition (13), we found
that minor components or second most common type of whole-cell or GSL fatty acids
were affected by the medium composition.

It is evident that the taxonomic comparisons of fatty acid composition should only be
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done with data obtained from cells grown under the same culture conditions. In this
study, we found that the fatty acid profiles of cells grown on rich medium (R medium)
appeared to be simpler and more useful for taxonomic purposes than those obtained with
peptone-yeast medium (PY medium). Strains of the four clusters of the genus Sphin-
gomonas can be characterized by their GSL fatty acid profiles: cluster I strains have GSL
fatty acids of 2-hydroxy acids of C 14:0 and/or C i5:0 ; cluster II and cluster III strains
have GSL fatty acids of only 2-OH C 14:0 ; and cluster IV strains have GSL fatty acids
of 2-hydroxy fatty acids of C 14:0, Cs:0, and C 1s:o.

Species in the genus Sphingomonas are also characterized by their polyamine profiles:
members of cluster I contain homospermidine, while members of clusters II, III and IV all
have spermidines as the primary components of polyamine (16). The results obtained in
this study confirmed that the species in cluster IV can be separated from members of
clusters I, I, and III by the 2-hydroxy fatty acids of C 14:9, C 15:0 and C 16: ¢ in their GSLs.
We believe that the four clusters of the genus Sphingomonas can be taxonomically
distinguished from each other by a combination of phylogenetic data based on 16S rDNA
analyses and chemotaxonomic characteristics including polyamine profiles and 2-OH fatty
acid profiles of GSLs.

Thus, when the culture conditions are standardized, the fatty acid profiles provide
reliable information for the taxonomy of sphingomonads and are useful for their identifi-
cation.

We are grateful to Dr. Kazunori Hatano, Senior head of Actinomycetes and Bacteria
Section, Institute for Fermentation, Osaka, for valuable suggestions and discussion. We
also thank Ms. Yayoi Yamaguchi for her help with the fatty acid analysis.
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Taxonomic studies on Streptomyces violaceoruber
group and related species based on
gyrB sequences

Kazunori HATANO and Tadashi NisHII

Summary

To determine the taxonomic status of 23 strains of Streptomyces violaceoruber
group and related species, phylogenetic analysis of partial sequences of gyrB, which
encodes DNA gyrase subunit B protein, was performed. S. violaceoruber group
(20 strains) including “S. lvidans” and S. coelicolor A3 (2), which are hosts for
gene manipulation of the genus Streptomyces, have been generally characterized as
follows. Spore chains form spirals and the spore surface is smooth. Aerial mass
is gray or brownish gray, and substrate mycelium is pale yellow or brown to purple
or violet. Soluble pigments are none, or blue, red, violet or purple. Melanin
formation is negative. All strains belonging to this group formed a tight cluster
with high similarity value (99.2 %) of gyrB sequences, suggesting that they are
synonymous. On the other hand, S. althioticus, which has a spiny spore surface,
S. tuirus, which is positive in melanin formation and utilizes raffinose and sucrose
for growth, and S. violaceus, which has a spiny spore surface, is positive in melanin
formation and utilizes raffinose and sucrose, had similarity values of 93.1, 93.5 and
90.5 % with the type strain of S. violaceoruber.

Keywords: gyrB gene, phylogenetic analysis, Streptomyces violaceoruber, taxon-
omy.

The genus Streptomyces contains nearly 500 validly described species which are
basically defined by their phenotypic characteristics such as morphology of spore chains
and spore surface, aerial mass and substrate mycelium color, formation of melanin
pigment, diffusible pigments, and utilization of carbohydrates and DNA homology.
Therefore, classification and identification of new isolates are laborious and time-consum-
ing work, and in addition require experience. We have been searching for a simple,
accurate and simple method for classification and identification of Streptomyces species.

Kataoka et al. (7) employed a variable region (120 bp) of 16S rDNA for clustering
89 strains of Streptomyces species belonging to category I in Bergey’s Manual of System-
atic Bacteriology (21). Rainey et al. (12) also established a phylogenetic classification of
more than 400 species of the genus Streptomyces using three highly variable regions (about
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800 bp) of 16S rDNA. Both studies concluded that the phylogenetic analysis of 168
rDNA sequence is a useful tool for classification and identification of Streptomyces
species, and additionally for constructing a database for identification of Streptomyces
species. Recently, Yamamoto and Harayama, Yamamoto et al. and Kasai et al. report-
ed that phylogenetic analysis of gyrB, which encodes DNA gyrase subunit B protein, is a
useful tool for discrimination of species level in Acinetobacter (22, 24), Pseudomonas (23,
25) and Micromonospora (6), respectively. Phylogenetic analysis of gyrB gives a higher
degree of resolution than that of 16S rDNA because of the rapid evolutionary substitution
of nucleotides in gyrB gene. We attempted to employ this method for classification at the
species level in the genus Streptomyces.

This paper deals with classification of Streptomyces violaceoruber group and related
species based on phylogenetic analysis of gyrB sequences.

Materials and Methods

Strains and culture conditions. Table 1 lists 23 strains which were considered to
belong to S. violaceoruber and related species used in this study. All strains were
incubated in YG medium (1 % glucose and 1 % yeast extract, pH 7.0) in a test tube for two
days at 28°C on a reciprocal shaker. Incubated cells were harvested, washed three times
with sterile distilled water, and stocked in a refrigerator (—20°C) until used.

DNA extraction. DNA was extracted from washed cells by the method of Saito and
Miura (14).

PCR amplification of the gyrB gene. The gyrB gene was amplified by PCR (13)
using TaKaRa Taq LX (Takara Shuzo, Japan) and a pair of primers as follows: PF-1 (5'-
GAGGTCGTGCTGACCGTGCTGCACGCGGGCGGCAAGTTCGGC-3), and PR-
2 (5-GTTGATGTGCTGGCCGTCGACGTCGGCGTCCGCCAT-3"), which were
newly designed from the conserved regions of the gyrB sequence of S. coelicolor A3(2) (1).
The gyrB gene was amplified in a total volume of 50 4l containing 10 pmol of each
primer, 0.1 g of target DNA, 50 41 of 10X buffer and 2.5 units Taq polymerase (LX,
Takara Shuzo) in a 0.5-ml microtube. The DNA was amplified under the following
conditions: 95°C for 3 min for denaturation of target DNA, then 30 cycles of denaturation
at 95°C for 0.5 min, primer annealing at 65°C for 0.5 min, and primer extension at 72°C
for 1 min, and finally 72°C for 4 min to complete amplification. The products was cooled
to 4°C.

Sequencing of gyrB. After purifying PCR product, it was subjected to cycle
sequencing by using a BigDye Terminator Cycle Sequencing kit by Amplitaq FS (PE
Applied Biosystems) and a Gene Amp PCR System 9700 (Perkin Elmer) according to the
manufacturer’s protocol with the following seven primers: F-1 (5-GAGGTCGTGCT-
GACCGTGCTGCA-3, position 355 to 378), F-352 (5-TACCACTACGAGGGCGG-
CATC-%, position 779 to 799), F-701 (5¥-AGCCGCAGTTCGAGGGCCAGAC-¥,
position 1128-1149), R-1 (5¥-GTTGATGTGCTGGCCGTCGACGT-3’, position 1637
to 1659), R-996 (5¥-CTCGACGATGAAGATCTCGCAC-3’, position 1393-1414), R~
728 (5-GTCTTGGTCTGGCCCTCGAACTG-%, position 1133 to 1155) and R-4 (5~
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Table 1.  List of strains used in this study.
Organism Other designation
S. anthocyanicus IFO 148927  ATCC 19821
"S. caesius " IFO 13376 ISP 5419
S. coelescens IFO 13378" ISP 5421

S. coelicolor IFO 3114
S. coelicolor TFO 3176

formerly Actinomyces violaceus-ruber
ATCC 10147, Waksman strain 3034

S. coelicolor TFO 3504 Ogata strain (IFO)

"S. cyanocolor " IFO 130347 ISP 5425

"S. cyanogenus " IFO 130357 ISP 5426

S. humiferus IFO 122447 formerly Actinopycnidium caeruleum
"S. lazureus " IFO 133847 ISP 5433

"S. lividans " IFO 133857 ISP 5434

"S. lividans " 66 Hopwood strain 1326
S. rubrogriseus IFO 154557 JCM 6927

S. tricolor TFO 154617 JCM 5085

"S. tumuli " TFO 134927 ISP 5605

S. violaceolatus IFO 131017 ISP 5434

S. violaceoruber TFO 12826" ISP 5049

S. violaceoruber TFO 15146
S. violaceoruber IFO 15731
S. violaceoruber IFO 15732

formerly S. coelicolor A3(2), (a single spore of Waksman 3443)
JCM 4691;Hopwood strain 749
JCM 4979; G. Sermonti A3(2) (Waksman's 3443)

Related species

S. althioticus TFO 127407 ISP 5092
S. tuirus IFO 15617° ISP 5505
S. violaceus TFO 131037 ISP 5082

Abbreviations: ATCC, American Type Culture Collection; IFO, Institute for Fermentation, Osaka;
JCM, Japan Collection of Microorganisms; ISP, International Streptomyces Project;
S., Streptomyces ; T, type strain.

CGCTCCTTGTCCTCGGCCTC-3", position 866-885). The conditions for thermal
cycling were 25 cycles of denaturation at 96°C for 10 sec, primer annealing at 50°C for 5
sec, and primer extension at 60°C for 4 min. The products were analyzed with a model
ABI PRISM 310 Genetic Analyzer (PE Applied Biosystems).

Phylogenetic analysis. GyrB sequences translated from gyrB sequences were aligned
by use of CLUSTAL W ver. 1.7 software (20) and manually corrected. The sequences of
gyrB were aligned according to the alignments of GyrB sequences. After gaps and
insertion nucleotides were omitted, the evolutionary distances and the similarity values
based on Kimura’s two-parameter model (8) were calculated by use of CLUSTAL W.
The stability
of the tree was assessed by bootstrap analysis using the resampling method of Felsenstein

(3) with 1000 replications by using CLUSTAL W.

The neighbor-joining (15) tree was constructed by using the Njplot (10).
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Observation of phenotypes. Morphological, cultural and physiological characteris-
tics of the strains were observed and described according to the method of the Interna-
tional Streptomyces Project (ISP) (16).

DNA-DNA hybridization. DNA-DNA hybridization was performed by the method
of Ezaki et al. (2) at a temperature of 55°C in 2 X SSC (1 XSSC is 0.15 M NacCl plus 0.015
M sodium citrate, pH 7.0) containing 50 % formamide. The experiment was performed in
at least triplicate and the level of DNA relatedness was expressed as a percentage of the
homologous DNA binding value.

Results and Discussion

Phenotypes of Streptomyces violaceoruber group and related species

Table 2 shows phenotypes of S. violaceoruber group and related species. All strains
belonging to S. violaceoruber group exhibited similar phenotypes except for “S. tumuli”
IFO 134927, which lost the ability to form aerial mycelium. Spore chains form spirals
and spore surface is smooth. Aerial mass is white to gray, substrate mycelium is
yellowish brown, red to blue or reddish purple and melanin formation is negative.
Glucose, arabinose, fructose, inositol, mannitol, rhamnose and xylose are utilized for
growth, raffinose and sucrose are not. On the other hand, S. althioticus IFO 127407
exhibits almost same phenotype as S. violaceoruber IFO 12826 except that it has a spiny
spore surface, S. tuirus IFO 156177 is melanin—-positive and utilizes raffinose and sucrose,
and S. violaceus TFO 13103T has a spiny spore surface, is melanin-positive, and utilizes
raffinose and sucrose.

Phylogenetic analysis of gyrB sequences

The DNA-fragment length of gyrB amplified from S. violaceoruber group and the
related species was 1227 bp. The phylogenetic tree and similarity matrix of this group
and related species based on gyrB sequences are shown in Fig. 1 and Table 3, respectively.
The strains in the following five subgroups had the same gyrB sequence: S. violaceoruber
IFO 128267, “S. twmuli” IFO 134927, S. coelicolor IFO 3114 and IFO 3176; S.
violaceolatus 1FO 131017, S. coelescens TFO 133787 and “S. lividans” IFO 13385T; S.
humiferus IFO 122447, S. tricolor TFO 154617, “S. cyanocolor” IFO 13034T and *S.
lazureus” 1FO 133847T; “S. lividans 66” 1FO 15675 and “S. cyanogenus” IFO 130357; S.
violaceoruber TFO 15146 (= S. coelicolor A3(2)) and S. violaceoruber JCM 4979 (=IFO
15732=S. coelicolor A3(2)). All strains belonging to S. violaceoruber group clustered
tightly with more than 99.2 % similarity values of gyrB sequences. On the other hand,
similarity values between the type strain of S. violaceoruber TFO 12826" and S. althioticus
IFO 127407, S. tuirus IFO 156177 and S. violaceus IFO 131037 were 93.1, 93.5 and 90.5 %,
respectively. This result indicates that gyrB sequences can distinguish these phenotypic
differences.

Monson et al. (9) reported that levels of DNA relatedness between S. violaceoruber
14980 (type strain) and S. violaceoruber 3443, which is the strain of origin of S. coelicolor
A3(2), and Actinopycnidium caeruleum, which is reclassified as S. hAumiferus, were 97 and
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[ S. anthocyanicus IFO 14892T 0.015 Kpyye

- S caesius" IFO 133761

"S. lazureus" TFO 133841

S, tricolor IFO 154617

1 "S. lividans" 66 (Hopwood strain 1326)
"S. cyanogenus" IFO 13035T

S. humiferus IFO 122441

"S. eyanocolor" IFO 13034T

S. coelicolor IFO 3504

S. violaceoruber JCM 4979 (Sermonti A3(2)) (=IFO 15732)

S. violaceoruber IFO 15146 (formerly S. coelicolor A3(2))
S. violaceoruber JCM 4691 (Hopwood 749) (=IFO 15731)

S. violaceolatus TFO 131017

"S. lividans" IFO 13385 T (ISP 5434)
S. coelescens IFO 133781
"S. tumuli" IFO 13492T

S. violaceoruber TFO 128261

S. coelicolor IFO 3176
S. coelicolor IFO 3114

S. althioticus TFO 127407

100

———S. tuiris IFO 156177

S. violaceus IFO 13103T

Fig. 1. Phylogenetic tree of S. violaceoruber group and the related organisms
based on gyrB sequences. The tree was depicted by the neighbor-
joining method. Scale bar=0.015 K. in nucleotide sequences.
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82%, respectively (9). Hatano et al. (5) also reported that levels of DNA relatedness
among S. violaceoruber TFQO 12826 and S. violaceoruber 1FO 15146 (=S. coelicolor
A3(2)), and two strains of “S. lividans” are 81-103 %, indicating that these strains belong
to the same species. These results were congruent with those of phylogenetic analysis
based on gyrB sequences. Furthermore, Kasai et al. (6) reported in reclassification of
Micromonospora species using gyrB sequences and DNA-DNA hybridization that 0.014
of genetic distance based on gyrB sequence corresponded with 70 % of DNA relatedness,
which is minimum value for determination to belong to the same species. The genetic
distance (0.014) roughly corresponds with 98.5 % of similarity value of gyrB sequence.
Consequently, we concluded that the following strains, which have more than 99.2 % of
similarity value with S. violaceoruber, and closely resemble it in phenotypes, are synonyms
of S. violaceoruber: S. anthocyanicus TFO 148927, S. coelescens TFO 133787, S. humiferus
IFO 122447, S. rubrogriseus TFO 154557, S. tricolor IFO 154617, S. violaceolatus TFO
131017, “S. caesius” TFO 133767, “S. cyanocolor” 1IFO 130347, “S. cyanogenus” 1IFO
130357, *S. lazureus” IFO 133847, “S. lividans” IFO 133857, “S. lividans” 66 and “S.
tumuli” IFO 134927,  S. coelicolor IFO 3114, S. coelicolor ITFO 3176, and S. coelicolor
IFO 3504 were identified with S. violaceoruber.

The author is grateful to Tomohiko Tamura and Yasuyoshi Nakagawa for their
useful discussion on phylogenetic analysis.
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Reexamination of Dijpodascus and Geoftrichum
Strains by DNA-DNA Hybridization

Kumiko UEDA-NISHIMURA and Kozaburo MIKATA

Summary

In this study, the identity of Dipodascus ambrosiae IFO 108017 and Dipodas-
cus ovetensis IFO 1201 and IFO 10827, and Dipodascus spicifer IFO 108097 and
Geotrichum clavatum 1FO 108247 were investigated in respect of G+ C content and
DNA similarity. D. ambrosiae and D. ovetensis could not be distinguished by
G+ C content and DNA-DNA hybridization test, and it is suspected, therefore,
that D. ambrosiae might be a synonym of D. ovetensis. DNA similarity values
between D. spicifer IFO 108097 and G. clavatum IFO 10824T were unusual: one
showed high (92%) and the other showed intermediate (66%) homology. There-
fore, it is suggested that G. clavatum might be a hybrid between D. spicifer and
another species.

Keywords: Dipodascus, DNA-DNA hybridization, Geotrichum.

The genus Dipodascus Lagerheim comprises ascomycetous yeast-like fungi, and its
anamorphic genus is Geotrichum Link:Fries. In 1986, de Hoog et al. (1) reported
Dipodascus ambrosiae, Dipodascus capitatus, Dipodascus geniculatus, Dipodascus
spicifer, and Geotrichum clavatum as new species. The report stated that D. ambrosiae
was superficially similar to Dipodascus ovetensis, a telepmorph of Geotrichum sericeum,
but differed considerably in cell size, the G+ C content, and assimilation of p-mannitol
and D-sorbitol, and that D. spicifer and G. clavatum were similar but distinguished by
growth on D-xylose. D. capitatus was reported to be a teleomorph of Geotrichum
capitatum. Guého et al. (4) reported that the distinction of G. clavatum and D. spicifer
was justified by their intermediate DNA similarity values (47-64%).

On the basis of 26S rRNA gene (rDNA) domain D1/D2 sequence comparison,
Kurtzman and Robnett (7) suggested that D. ovetensis and D. ambrosiae were conspecific
because of their identical sequence; and that G. clavatum was an anamorph of D. spicifer
because it contained only one base substitution. Ueda-Nishimura and Mikata (10)
showed that D. ambrosiae TFO 108017 and D. ovetensis IFO 1201 and IFO 10827 had
identical 18S rDNA sequences, and that only one base substitution was found between D.
spicifer IFO 10809T and G. clavatum IFO 108247. It was also shown that neither D.
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spicifer nor G. clavatum could assimilate p-xylose and, therefore, that they could not be
distinguished by any physiological characters (10). Phylogenetic analyses using 26S
rDNA domain D1/D2 and 18S rDNA sequences showed that D. capitatus was closely
related to D. spicifer and G. clavatum (7, 10).

In this study, the identities of D. ambrosiae IFO 108017 and D. ovetensis IFO 1201
and IFO 10827, and of D. spicifer IFO 108097 and G. clavatum IFO 108247 were
investigated in respect of G+ C content and DNA similarity.

Materials and Methods

Yeast strains and DNA preparation. The strains studied are listed in Table 1. The
strains were cultured as described by Mikata and Ueda-Nishimura (8). Protoplasts were
prepared and DNA was extracted following the protocol of Holm et al. (5) modified by
Kaneko and Banno (6).

G+ C contents determination and DNA-DNA hybridizations. G-+ C contents were
determined by the HPLC method of Tamaoka and Komagata (9). DNA-DNA hybridi-
zations were studied by the photobiotin microplate method of Ezaki et al. (2, 3) as
modified by Kaneko and Banno (6). Calculations were based on the average of five
measurements.

Results and Discussion
Dipodascus ambrosiae and Dipodascus ovetensis

The G+ C contents of DNAs from D. ambrosiae IFO 10801T and D. ovetensis IFO
1201 and IFO 10827 were identical at 47 mol%, although different from the data of de

Table 1.  Strains studied.

Species Strain

IFO CBS

Dipodascus ambrosiae 10801 749.85  Type strain

Dipodascus capitatus 10819 197.35

Dipodascus capitatus 10820 580.82  Authentic culture of Geotrichum linkii
Dipodascus ovetensis 1201 634.85  Authentic culture of Geotrichum sericeum
Dipodascus ovetensis 10827 635.85

Dipodascus spicifer 10809 24485  Type strain

Geotrichum clavatum 10824 425.71  Type strain
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Table 2.  Similarity and G+ C content of DNA of D. ambrosiae and

D. ovetensis.
Species IFO G+C content (mol%)  DNA similarity (%)
10801" 1201
D. ambrosiae 108017 47 450+ 100 112
D. ovetensis 1201 47 51.2* 86 100
D. ovetensis 10827 47 - 92 106
S. cerevisiae 102177 - - 15 21

*Data from de Hoog et al. (1) using Tm method.

Hoog et al. (1) (Table 2). Therefore, it was shown that they could not be distinguished
by G+ C content.

DNA-DNA hybridization was tested at 46°C with DNA from the three strains and
photobiotin-labelled DNA from D. ambrosiae IFO 108017 and D. ovetensis IFO 1201.
The results are shown in Table 2. DNA similarity values among them were 86-112%.
These data showed that D. ambrosiae IFO 108017 and D. ovetensis IFO 1201, correspond-
ing to an authentic culture of the anamorph Geotrichum sericeum, and IFO 10827 should
be considered to be conspecific. Thus the two species were distinguishable only by the
cell size and assimilation of D-mannitol and p-sorbitol. In this study, it was shown that
D. ovetensis TFO 1201, corresponding to an authentic culture of the anamorph Geotrichum
sericeum, and D. ambrosiae were conspecific. Therefore, it is suspected that D. am-
brosiae might be a synonym of D. ovefensis, according to the priority of naming.
Nevertheless, since the type strain of D. ovetensis was not tested in thisbstudy, D. ambrosiae
will be temporarily left as is.

Dipodascus spicifer, Geotrichum clavatum, and Dipodascus capitatus

The G+ C contents of DNAs.from D. spicifer IFO 108097, G. clavatum 1FO 108247
and D. capitatus IFO 10819 and IFO 10820 were 32-34 mol% (Table 3). DNA-DNA
hybridization was tested two times at 40 and 47°C with DNA from the four strains and
photobiotin-labelled DNA from D. spicifer IFO 108097, G. clavatum IFO 10824T and D.
capitatus IFO 10819. The results did not vary so much with hybridization temperature;
therefore, the results by 47°C as representative are shown in table 3. D. capitatus IFO
10819 and IFO 10820 were confirmed to be conspecific by their homology level of 94%.
DNA similarity values between D. spicifer IFO 10809T and G. clavatum TIFO 10824 were
unusual: one showed high (92%) and the other showed intermediate (66%) homology.
Kaneko and Banno (6) reported that a hybrid between S. bayanus and S. cerevisiae
constructed by mating showed high DNA similarity to its parents. On the basis of this
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Table 3. Similarity and G+ C content of DNA of D. spicifer, D. capitatus, and
G. clavatum.

Species IFO G+C content (mol%) DNA similarity (%)
108097 108247 10819

D. spicifer 10809" 34 30.6* 100 92 66

G. clavatum 108247 32 31.1% 66 100 42

D. capitatus 10819 34 36.3* 63 59 100

D. capitatus 10820 33 - 58 59 94

S. cerevisiae  10217" - - 13 12 13

*Data from de Hoog et al. (1) using 7w method.

report, it is suggested that G. clavatum might be a hybrid between D. spicifer and another

species.

Therefore, it is supposed that G. clavatum is not an anamorph of D. spicifer.

We are grateful to Dr. Yoshinobu Kaneko (Osaka Univ.) for information about a

hybrid.
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Unique Shape of the Ascospores of
Pichia sporocuriosa

Kozaburo MIKATA

Summary

The surface structure of the ascospores of the ascomycetous yeast Pichia
sporocuriosa IFO 10941 was examined. Under the light microscope, distinct ledges
were not observed on the surface of ascospores. However, by scanning electron
microscopy (SEM), frill-like ledge of S-shape or irregular shape was found turning
two or three times on the spore surface and having two end.

Keywords: Pichia sporocuriosa, surface structure of ascospore, Unique shape of the
ascospore.

Péter et al isolated a new yeast from rambutan (Nephelium lappaceum), and named
it Pichia sporocuriosa (8). By transmission electron microscopy (TEM), the ascospores
were seen to be spheroidal in cross section, rough-walled, and surrounded by several
ledges that were difficult to observe under the light microscope. The ledges were seen to
be randomly located and some of them were uncircumfluent. Ledges numbered at least
three, whereas in hat-shaped or saturn-shaped ascospores, only two ledges should have
been observed by cross section TEM (2, 9). The observation of several ledges suggested
that these ascospores had a unique surface structure. We therefore examined the surface
structure of the ascospores of Pichia sporocuriosa IFO 10941. (NCAIM YO01078).

A mass of cells harvested from a colony on a YM agar slant was transferred to a corn
meal agar slant and incubated for 1 or 2 weeks at 24°C to induce sporulation. Asci
contained one or two spheroidal ascospores. Ascospores were prepared for SEM by the
method of Mikata and Nakase (7).

Under the light microscope, distinct ledges were hardly observed on the ascospores of
Pichia sporocuriosa (Fig 1). By SEM observation, the surface structure displayed frill-
like ledge of S-shape or irregular shape with two or three turns. This ledge did not form
a ring, but had two ends (Fig. 2).

In hat-shaped Pichia membranifaciens having ledge on the lower part of the as-
cospore (6) and saturn-shaped Satunispora aheanii having ledge on the equatorial surface
of the ascospore (5), each ledge formed an unbroken ring. Ascomycetous yeasts known
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Fig. 1. Light micrographs of the ascospores of Pichia sporocuriosa IFO 10941. Scale
bars: 10 zm

to have ledges on ascospores include the genera Hanseniaspora, Pachysolen, Pichia,
Saccharomycopsis, Satrunispora, Stephanoascus, Wicherhamia, and Williopsis, all of
which have unbroken annular ledges.

The ascospores of Pichia sporocuriosa displayed a new type of surface structure. It
should be noted that the genus Pichia includes species with various kinds of ascospore
surfaces. )

Kawakami et al reported that, in P. farinosa, ascospores had thin subequatorial
ledges visible under an electron microscope (3); and in P. fluxuum, in addition to the
roughening, electron microscopy revealed the existence of spores with a thin subequatorial
ring (1, 4). In P. ohmeri, Wickerham and Burton observed an unusual phenomenon:
crosses between différent pairs of haploid strains produced either spheroidal or hat-shaped
spores (10).

Although most ascospores of the genus Pichia are hat-shaped, the above three species
and P. sporocuriosa showed unique surface structures, indicating that this genus is rich in
variety. In partial 18S rDNA sequence, Pichia sporocuriosa showed a close lineage
relation to P. membranifaciens and Candida krusei (8).



Fig. 2.

Unique ascospore of Pichia sporocuriosa

Scanning electron micrographs of the ascospores of Pichia sporocuriosa IFO 10941. Scale
bars: 1 ym
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In the routine identification work on fungi isolated in Japan, and checks of the list
of the fungal taxa preserved in the IFO Culture Collection for published records of their
occurrence in Japan, many taxa have been found to be either new to Japan or obscurely
or insufficiently described. In some cases, the first record of a fungus in Japan gives only
the name of its taxon, without an adequate description of the species concerned. The
object of this series is to provide descriptions of the fungi preserved or newly deposited in
the IFO fungus collection and/or in the IFO herbarium and to contribute to our
knowledge of the fungal flora of Japan.

The author(s) of the descriptions of these fungal taxa are shown in parentheses.

108. Calcarisporiella thermophila (Evans) de Hoog (Figs. 1-2) Hyphomycetes

Stud. Mycol. 7: 68 (1974).
Basinonym: Calcarisporium thermophilum Evans (as “C. thermophile”); Evans, H. C.
Trans. Br. Mycol. Soc. 57: 247 (1971).

Colonies on malt agar, potato sucrose agar, potato carrot agar, oatmeal agar, and
cornmeal agar growing moderately, reaching diameter of 45-50 mm in 4 wk at 28°C, white,
floccose, sporulating abundantly. Reverse uncolored. No exudates and odor. Vegeta-
tive hyphae hyaline, smooth- and thin-walled, septate. Conidiophores erected solitary or
in pairs, arising orthotropically from undifferentiated aerial hyphae, with a transverse
septum at the base and an inflated basal part, 25-50 gm long, 1.5-2.0 xm wide at the
septum, 2.5-3.5 ym wide at the inflated middle part. Conidial formation by sympodial
growth, consisting of 3-5 conidium-bearing denticles, with small geniculate denticulate
rachis. Denticles cylindrical, one to five elongate, 3-6 xm long, 1.0-1.5 xzm width.
Conidia hyaline, smooth- and thin-walled, ovoid to ellipsoidal, base truncate or rounded,
6-9x3-5 ym. Teleomorph unknown.

Growth of this fungus occurs between 20°C and 45°C, with an optimum at 40°C.
Thermotolerant fungus.

Hab.: soil, natural forest park, Ryugo-cho, Ooshima-gun, Kagoshima, 5 March 2000.
(IFO 33169=Tad. Ito H1245-6-3, IFO H-12238).
Distribution: England, Japan

During a survey of the soil-borne fungi in southern Japan, a noteworthy strain
appeared. The fungus is apparently identical with Calcarisporiella thermophila (Evans)
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Figs. 1-2.  Calcarisporiella thermophila. Fig.1. Conidiophore on aerial hyphae. Fig. 2.
Conidia. Bars: Figs. 1-2=5 gm.

de Hoog (de Hoog, 1974). This is only the second finding of this fungus after the ex-type
strain (CBS 279.70=ATCC 22718=1IMI 144750). This species was originally described



Descriptive Catalogue of IFO Fungus Collection XVII. 103

by Evans (Evans, 1971) from coal-spoil tip soil at Keele, Staffordshire, England, March
1968. He described it as a new species Calcarisporium thermophilum Evans (Evans, 1971,
as “C. thermophile”). However, de Hoog established the new genus Calcarisporiella and
moved it to this genus as C. thermophila (de Hoog, 1974), because it differs from
Calcarisporium in its wide, undulating, fragile hyphae, the shape of the conidiogenous
cells, the wide conidium-bearing denticles, and the shape and size of the conidia.
The fresh isolate (Tad. Ito H1245-6-3) of C. thermophila was collected from soil at the
natural forest park, Ryugo-cho, Ooshima-gun, Kagoshima, on 5 March 2000. Cultural
and morphological characteristics of this strain agreed well with the de Hoog’s description
(de Hoog, 1974).

(Tad. Ito, I. Okane, and A. Nakagiri)

109. Cladobotryum verticillatum (Link ex S.F. Gray) Hughes
(Figs. 3-5) Hyphomycetes
Can. J. Bot. 36: 750 (1958). Gams & Hoozemans, Persoonia 6: 95-110 (1970).
Teleomorph: Hypomyces armeniacus Tulasne, Selecta Fungorum Carpologia 1: 1-242
(1861), Paris; Selecta Fungorum Carpologia 3: 1-206 (1865), Paris; Rogerson & Samuels,
Mycologia 86: 839 (1994).
Syn.: Acremonium verticillatum Link, Mag. Ges. Naturf. Fr. Berl. 3: 15 (1809).
Mycogone verticillata (Link ex S.F. Gray) Spreng., Linn. Syst. Ver. 4: 555 (1827).
Verticillium lactarii Peck, Rep. N.Y. St. Mus. Nat. Hist. 35: 140 (1882).

Colonies on potato carrot agar with a daily growth rate of 20-23 mm at 25°C,
creeping on agar surface. Pure white, fluffy, 10-15 mm high. Sporulation abundant after
2 wk of incubation. Reverse uncolored. On oatmeal agar 18-21 mm/day growth, pure
white, fluffy, 10-15 mm high. Reverse uncolored. Vegetative hyphae hyaline, smooth-
and thin-walled, partly immersed, 5-7 xm wide. Conidiophores erect on aerial hyphae
or substrate, hyaline, smooth- and thin-walled, verticillately branched, mostly bearing
whorls of 2-4 phialides. Conidiogenous cells monoblastic, orthotropic, tapering into a
narrow neck, with a septum near the base, up to 60 xm long, 5 pm wide at the base, 2 ym
wide at the apex. Conidia holoblastic, pyriform to obconic, non-septate or rarely septate
in old cultures, with minutely truncate base, 14-18X8-11 pm. Chlamydospores
produced mostly in terminal position, immersed, thick-walled, straight to curved, chains
of 3-8 cells, each cell ovoid to ellipsoid, hyaline to pale brown, smooth to minutely
roughed, 70-120 xm long, the widest part 20-22 ym.

At 37°C, growth is nil.

Hab.: decayed mushroom, Okutu-cho, Tomata-gun, Okayama, Japan, 19 Aug., 2000.
(IFO 33178=Tad. Ito H12-81, IFO H-12239).

The connection of the anamorph and teleomorph in this species was not proven until
1994. Rogerson and Samuels (1994) confirmed the connection between C. verticillatum
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Figs. 3-5. Cladobotryum verticillatum. Fig. 3. Conidiophore and conidia on main stalk. Fig. 4.
Chlamydospore. Fig. 5. Conidia. Bars: Figs. 3-4=50 gm, Fig. 5=10 gm.
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and Hypomyces armeniacus Tul. by germinating ascospores of two collections.

The present species is known to be distributed in Europe, North America and
Colombia as a fungicolous Hyphomycetes. According to Gams and Hoozemans (1970),
this species grows on the basidiomata of Agaricales and Russulales, and the teleomorph
is formed only on decaying wood, litter or the ground.

This strain was isolated from a very decayed mushroom, the species of which is
difficult to identify.

(Tad. Ito)

110. Kallichroma tethys (Kohlm. & Kohlm.) Kohlm. & Volkm.-Kohlm.

(Figs. 6-14) (Hypocreales)
Mycol. Res. 97: 759 (1993)
Basionym: Hydronectria tethys Kohlm. & Kohlm., Nova Hedwigia 9: 95 (1965)

Ascomata 250-400 xm high, 280-400 xm in diam, globose to depressed-subglobose,
party immersed, ostiolate, epapillate or inconspicuously papillate, dark orange, gregari-
ous. Peridium 50-60 gm thick, leathery. Ostiolar canal lined with periphyses, 6-8 X
1.5- 2 um, septate, simple, tapering, merging into apical paraphyses 24-26 X 1.5-2 ym.
Asci 70-94 X9-16 um eight-spored, clavate, short pedunculate, unitunicate, thin-walled,
without apical apparatus, developing seccessively at the base of the ascoma venter.
Ascospores 18-24X7-10 xm, uni- or biseriate, obovate to ellipsoidal, one-septate some-
what below the center, slightly constricted at the septum, hyaline, with 10-12 longitudinal
ridges running from one pole to the another.

Colonies of single ascospore isolates growing moderately on cornmeal seawater agar
(cornmeal agar dissolved in 20 ppt salinity artificial seawater, Jamarin S (Jamarin Lab.,
Osaka), 26-31 mm in diam at 25°C in 4 weeks, hyaline, sparse, with less aerial hyphae,
forming ascomata initials on and in agar medium. After 3 months incubation, ascomata
became yellow-orange in color and produced ascospores inside. Thus, this fungus is
homothallic. On other media, such as vegetable juice seawater agar (10% vegetable juice
agar with 10 ppt salinity sea water), colonies attaining 27-28 mm in diam at 25°C in 4
weeks, white, with thick aerial hyphae, forming abundant ascomata initials, but on
cornmeal agar (with fresh water), colonies growing slowly (24-25 mm in diam), forming
ascomatal initials but not maturing after prolonged incubation. Thus, this fungus adapts
to marine conditions in growth and reproduction. Morphology of ascomata produced in
culture is similar to that on natural substrate; ascomata 360-380 xm high, 260-280 4 m in
diam, yellow-oragne, papillate with thick surrounding hyphae (Fig. 13); peridium 30-40
pm thick with surface textura epidermoidea to intricata; papillae 100-120 zm long, 180-
200 gm in diam, composed of densely gathered short hyphae spreading outward, ostiolar
canal 30-40 ygm in diam; periphyses merging into apical paraphyses 20-45 ,mX2-3 ,m;
asci 70-80X 14-18 xm, ascospores 21-23X7-8 ym, with longitudinal ridges. A mass of
ejected ascospores was deposited at the apex of ascoma through the ostiole (Fig. 12). The
ascospores in the spore mass were often separated at the septum into two cells (Fig. 14),
which was not observed in the natural materials.
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Figs. 6-14.

Tad Ito, I OkaNE and A NAKAGIRI

Light and SEM micrographs of Kallichroma tethys. 6. Ascomata. Note an
ostiolar opening (arrowhead). 7. A mass of ascospores discharged and de-
posited on an ascoma. 8. Aaci. 9. Periphyses. 10. ascospores. 11. Ascospores
with longitudinal ridges on the surface. 12. Ascomata produced in culture on
cornmeal seawater agar. Note spore drops (arrowheads) discharged and
deposited on the top of ascomata. 13. Ascoma formed in culture, showing a
papilla (arrowhead) surrounded by densely gathered short hyphae. 13.
Ascospores formed in culture, separating into two cells (arrowheads). Scale
bars: 6-8=50xm; 9, 10, 14=10xm; 11=5yxm; 12=500xm; 13=100xm.
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Hab.: decomposing tree of Pittosporum tobira Ait., submerged in sea water at the intertidal
zone of Kashima Is. (33° 42'N, 135° 21’E), Tanabe, Wakayama Pref., 9 Nov. 1999,
Single ascospore isolate from the material (IFO H-12241) was deposited in IFO culture
collection as IFO 33109 (=AN-1660).

This species has been reported frequently from subtropical and tropical areas around
the world, especially from mangroves as a colonizer of decomposing mangrove wood
(Kohlmeyer and Kohlmeyer, 1979; Kohlmyer and Volkmann-Kohlmeyer, 1993). This is
the first report of this fungus from a temperate coast and also from Japan. The collection
site, Kashima Is., is influenced by the Kuroshio (Japan Current), a warm sea current.
The warm climate (average air temp., 6.2-27.1°C) and the sea current may account for the
distribution of this fungus up to the temperate region.

Collection of the material was done by the courtesy of Mr. Noboru Goto and staffs
of the Board of Education of Tanabe City and supported by the grant from Fujiwara
Natural History Foundation to A. N. through Dr. Keisuke Tubaki (the leader of the
project: Reinvestigation of cryptogamic flora around Kishu-Kumano.)

(A. Nakagiri)
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Descriptive Catalogue of IFO
Bacteria Collection XI

In the identification of newly isolated strains, interesting strains worth adding to the
IFO bacteria collection have been found. The purpose of this catalogue is to provide
descriptions of taxonomical characteristics of these strains. Below, the descriptions are
arranged in alphabetical order of the scientific name of the strains. The authors of the
descriptions are shown in parentheses.

The following two strains were isolated from the grave of Margrave Jo§t Lucembursky,
an important Czech ruler who reigned over Moravia at the turn of the 14t and the 15t
century, by Dr. Ivo Sedlacek and Dr. Zdena Péacova, Czech Collection of Microorganisms,
Mararyk University Brno, Faculty of Science, Brno, Czech Republic. The grave was
opened for the second time in 1999 (for the first time in the 17t century) for the purpose
of archaeological and anthropological research by the Brno City Museum.

91. Arthrobacter sulfureus Stackebrandt et al. 1984

IFO 16294

The strain CCM 4759 (=IFO 16294) was isolated from the tombstone of the grave
of Margrave Jost Lucembursky as a coryneform bacterium.

Cells are Gram-positive, non-motile, non-spore forming, short rods and cocci.
Colonies are yellowish or whitish, smooth convex with a diameter of approx. 1 mm after
48 hr on peptone- yeast medium (IFO medium no. 802). Growth occurs at 4-30°C, and
in 1-10 % (w/v) NaCl. The strain is strictly aerobic and catalase- and oxidase- positive.
By using the API CORYNE system, pyrazinamidase and urease are positive, but nitrate
reductase, N -acetyl-8- glucosaminidase, esculinease (8-glucosidase) and gelatinase are
negative. Using the API 50CH system, most of the substrates are not used as a sole
carbon source.

The cell wall murein type is thought to be A4 from the molar ratio of amino acids
in the cell wall (glutamic acid: glycine : alanine : lysine=1.00:1.15:1.00: 1.0). The G+
C content of DNA is 64.4 mol%. The major cellular fatty acids are iso-C i5:0 and
anteiso-C 1s:0. The predominant menaquinone is MK-9. Mycolic acids are not present.

The 16S ribosomal DNA sequence similarity between IFO 16294 and A. sulfureus
DSM 201677 (X83409) is 99.3%. The level of DNA/DNA relatedness between strain
IFO 16294 and A. sulfureus IFO 126787 is 83-85 %.

On the basis of morphological, physiological and chemotaxonomic characteristics, as
well as DNA-DNA hybridization data, this strain was identified as a strain of Arth-
robacter sulfureus.

(Mariko. Takeuchi and K. Hatano)
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92. Rhodococcus erythropolis (Gray and Thornton 1928) Goodfellow and Alderson
1979

IFO 16296

The strain CCM 4761 (=IFO 16296) was isolated from the femur of remains of Jost

Lucembursky in the grave as irregular rods which show “nocardioform” morphological
features.
Cells are Gram-positive, non-motile rods. Cocci germinate to give filaments which show
elementary branching. The growth cycle is completed by the appearance, through frag-
mentation, of cocci. Colonies are light pink, opaque and convex with slightly irregular
edges on peptone- yeast agar (IFO medium no. 802). Growth occurs at 10-40°C but not
at 45°C. Catalase is positive. By using the API CORYNE system, esculinase and urease
are positive, but nitrate reductase, pyrazinamidase, pyrorydonilalyramidase, alkaliphos-
phatase, g-glucuronidase, G- galactosidase, a-glucosidase, and gelatinase are negative.
Acid is produced from glucose, glycerol, sorbitol, sucrose, and trehalose but not from
glycogen, rhamnose, ribose, or xylose. N- Acetylglucosamine, citrate, fumarate, p-
galactose, gluconate, glycerol, maltose, succinate, L- leucinse and quinate are utilized as a
sole carbon and energy source, but inositol, lactate, malate, mannitol, L-rhamnose, b~
ribose, pL—tartrate, trehalose, proline or L-serine are not. Ethanol, sorbitol, and sucrose
are used weakly.

N-Gilycolated muramic acid moieties of peptidoglycan are present. The cell wall
contains meso-diaminopimelic acid, arabinose and galactose (wall chemotype IV). The
predominant menaquinone is MK-8(H;). Mycolic acids are present. The major fatty
acids of C ys:0, C 16: 1, and 10-methyl C 13:0 (TBSA) are found. The G+ C content of the
DNA is 62.0 mol%.

The 168 ribosomal DNA sequence similarity between IFO 16296 and R. erythropolis
DSM 430667 is 99.8 %. The level of DNA/DNA relatedness between strain IFO 16296
and R. erythropolis IFO 155677 is 74-98 %.

On the basis of morphological, physiological and chemotaxonomic characteristics, as
well as DNA-DNA hybridization data, this strain was identified as a strain of Rhodococ-
cus erythropolis.

(Mariko. Takeuchi and K. Hatano)
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Descriptive Catalogue of IFO
Actinomycetes Collection V

The purpose of this catalogue is to describe the taxonomic properties of strains that
have been reidentified as different species in routine identification work on the IFO
actinomycetes collection. The authors of the descriptions are shown in parentheses.

21. Streptomyces violaceoruber (Waksman and Curtis 1916) Pridham 1970
Skerman, V.B.D., V. McGowan, and P.H.A. Sneath, Int. J. Syst. Bacteriol., 30: 225-420
(1980)

IFO 3114
Strain IFO 3114 was deposited under the name of Streptomyces coelicolor derived
from CBS as Actinomyces violaceus-ruber. Its phenotypic characteristics closely resem-
ble those of Streptomyces violaceoruber IFO 128267 (T =type strain). Spore chains form
spirals and the spore surface is smooth. Aerial mass is white to brownish gray and
substrate mycelium is pale yellow to reddish brown or purplish red (Cherry in Color
Harmony Manual). Soluble pigments are not produced. Melanin formation is negative
on International Streptomyces Project (ISP) media 1, 6 and 7. Glucose, arabinose,
fructose, inositol, mannitol, rhamnose, xylose and glycerol are utilized for growth, but
raffinose and sucrose are not. The similarity value of gyrB sequences (1227 bp) is 100 %
with Streptomyces violaceoruber TFO 12826". From these results, IFO 3114 is identified
as a strain of Streptomyces violaceoruber.
(K. Hatano and T. Nishii)

IFO 3176
Strain IFO 3176 was deposited under the name of Streptomyces coelicolor, derived
from ATCC as Streptomyces coelicolor ATCC 10147, which was derived from IMRU
(Waksman Institute of Microbiology, Rutgers, the State University of New Jersey) as
Waksman strain 3034. Its phenotypic characteristics closely resemble those of Stre-
ptomyces violaceoruber IFO 12826 (T =type strain). Spore chains form spirals and the
spore surface is smooth. Aerial mass is brownish gray and substrate mycelium is pale
yellow to brown or reddish purple (Rose Wine). Soluble pigment is not produced.
Melanin formation is negative on International Streptomyces Project (ISP) media 1, 6 and
7. Glucose, arabinose, fructose, inositol, mannitol, rhamnose, xylose and glycerol are
utilized for growth, but raffinose and sucrose are not. The similarity value of gyrB
sequences (1227 bp) is 100 % with Streptomyces violaceoruber 1IFO 12826T. From these
results, IFO 3176 is identified as a strain of Streptomyces violaceoruber.
(K. Hatano and T. Nishii)
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IFO 3504
Strain IFO 3504 was deposited under the name of Streptomyces coelicolor isolated by
Ogata (IFO). Its phenotypic characteristics closely resemble those of Streptomyces
violaceoruber IFO 128267 (T=type strain). Spore chains form spirals and the spore
surface is smooth. Aerial mass is brownish gray and substrate mycelium is brown to
purplish red (Light Coral Red). Soluble pigment is not produced. Melanin formation
is negative on International Streptomyces Project (ISP) media 1, 6 and 7. Glucose,
arabinose, fructose, inositol, mannitol, rhamnose, xylose and glycerol are utilized for
growth, but raffinose is doubtfully utilized and sucrose is not. The similarity value of
gyrB sequences (1227 bp) is 100 % with Streptomyces violaceoruber IFO 12826T. From
these results, IFO 3504 is identified as a strain of Streptomyces violaceoruber.
(K. Hatano and T. Nishii)
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Catalogue of Newly Accepted Strains

January 1999 — December 2000

The cultures involved in the following catalogue can be distributed under the
same condition as strains listed on the IFO LIST OF CULTURES

IFONo Name Temp Med
(T=Type strain)
0099 Pichia membranifaciens 24 108
HUT (Naganishi) < GIB.
0137 Pichia membranifaciens » 24 108
Nippon Syurui Co. < HUT (Naganishi) < GIB.
0158 Kodamaea ohmeri 24 108
GRIF < CLMR < GIB (Takahashi, Mycoderma sp. N).
0159 Candida valida 24 108
GRIF < CLMR < GIB (Takahashi, Mycoderma sp. Q).
0188 Pichia membranifaciens 24 108
HUT (Naganishi) < GIB.
0191 Pichia manshurica 24 108

HUT (Naganishi) < CLMR.
Source: Manchurian sorghum spirits

0348 Schizosaccharomyces pombe 28 108
FAT (Sakaguchi).
Source: fermenting molasses

0461 Pichia membranifaciens 24 108
HUT (Naganishi).

0546 Pichia manshurica 24 108
HUT (H. Naganishi, Kahmehefe No.12) < GIB.

0572 Pichia membranifaciens 24 108
FAH (Y. Sasaki) < F. Hemmi.

0812 Pichia membranifaciens 24 108

Kodama Shuzo Co. (Kodama, 10).
Source: pressed juice of sweet potato

0813 Pichia manshurica 24 108
Kodama Shuzo Co. (Kodama, 38).

0814  Pichia manshurica 24 108
Kodama Shuzo Co. (Kodama, 20).

1244 Bulleromyces albus 24 108

FMJ 31-004 (Tsuchiya) < CBS 500.
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IFO No

Name

(T=Type strain)

19437

10237

10398

10399

109317

10932

10933

10935

10936

10937

10938

10940

109417

10942 T

Saccharomyces pastorianus

NCYC 392 <« CBS 1538 « O. Winge.
Candida zeylanoides

ATCC 26318 <« C. Ramirez.

Source: Spanish sausage

Lipomyces kononenkoae subsp. kononenkoae
CBS 8113 <« ].P. van der Walt.

Source: soil

Lipomyces kononenkoae subsp. kononenkoae
CBS 8114 « J.P. van der Walt.

Source: so0il

Candida kofuensis

CBS 8058 «— RIFY 4841 (S. Goto).
Source: berry

Candida kofuensis

JCM 2321 < S. Goto, No. 611.
Saturnispora zaruensis

JCM 10341 < NRRL Y-17640 « CBS 8055 « S. Goto, No. 611.

Metschnikowia sp.

TFO (K. Nishimura, U96-417-5).
Source: flower

Metschnikowia sp.

IFO (K. Nishimura, U96-402-2).
Source: flower

Saccharomyces bayanus

Dept. of Biotechnol., Osaka Univ. (Y. Kaneko, B19-3C, a segregant of hybrid

between B1-5A & B18-24).
Saccharomyces bayanus

Dept. of Biotechnol., Osaka Univ. (Y. Kaneko, B19-3D, a segregant of hybrid

between B1-5A & B18-2A).

Candida novakii

NCAIM Y 00987.

Source: decyaing of wood

Pichia sporocuriosa

NCAIM Y 01078.

Source: fermenting rambutan

Saturnispora ahearnii

JCM 10726 <~ NRRL Y-7555 < D.G. Ahearn.

Temp

28

24

24

24

24

24

24

24

24

28

28

24

24

24

Med

108

108

108

108

108

108

108

108

108

109

109

108

108

108

113
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IFONo Name Temp Med
(T=Type strain)

10943 T  Candida novakii 24 108
NCAIM Y 00986.

Source: decaying wood

10944 Saccharomyces sp. 24 108
Dept. Biotech., Fukuyama Univ. (T. Hisatomi, THE1-16B, a heterothallic
segregant of DL-EH1).

10945 Saccharomyces sp. 24 108
Dept. Biotech., Fukuyama Univ. (T. Hisatomi, THE1-16C, a heterothallic
segregant of DL-EH1).

10946 T Saccharomyces turicensis 24 108
CBS 8665 < M.-T. Wyder, HBU3.

Source: kefyr grain

10947 T  Saccharomyces cariocanus 24 108
G.I. Naumov, N 50816-4B, single spore isolate of UFRJ 50816 < P.B. Morais,
UFRJ 50816.

Source: fruit fly

10948 Saccharomyces cariocanus 24 108
G.I. Naumov, N 50791-2D, single spore isolate of UFRJ 50791 < P.B. Morais,
UFRIJ 50791.

Source: fruit fly

13296 Bacillus vitellinus 30 802
IFO (T. Sakane) «<— RTCI (S. Tanida, Z1159). ’

15965  Cryptosporangium arvum 28 266
IFO (T. Tamura) < Yamanashi Univ. (M. Hayakawa, YU 629-1).

Source: soil

15966 ™  Cryptosporangium japonicum 28 266
IFO (T. Tamura) < Yamanashi Univ. (M. Hayakawa, YU 636-3).

Source: soil

16267  Acrocarpospora pleiomorpha 28 245
IFO (T. Tamura) <— Tanabe Seiyaku Co., Ltd. (S. Suzuki, R-31).

Source: soil

16274 Detolaashinbacter sp. 30 802
Yokohama Plant Protection Service (T. Tsukamoto, CM-01).

Source: cultivated mushroom
16275 Detolaashinbacter sp. 30 802

Yokohama Plant Protection Service (T. Tsukamoto, CM-02).
Source: cultivated mushroom
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IFO No

Name

(T=Type strain)

16276
16277
16278
16279
16280
16281
16282
16283
16294
16295
16296
16317T’

163187

Detolaashinbacter sp.

Temp

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-03).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-05).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-10).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-14).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-15).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-16).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-20).

Source: cultivated mushroom
Detolaashinbacter sp.

30

Yokohama Plant Protection Service (T. Tsukamoto, CM-21).

Source: cultivated mushroom

Arthrobacter sulfureus

CCM 4759 (Z. Pacova).

Source: tombstone

Rhodococcus sp.

CCM 4760 (Z. Pacova).

Source: femur in the grave

Rhodococcus erythropolis

CCM 4761 (Z. Pacova).

Source: femur in the grave

Verrucosispora gifhornensis

DSM 44337 < R.M. Kroppensstedt, HR1-2.
Source: peat bog

Kocuria palustris

DSM 11925 < R.M. Kroppenstedt, TAGA 27.
Source: rhizoplane of the narrow-leaves cattail

30

30

30

30

30

Med

802
802
802
802
802
802
802
802
802
802
802
227

802

115
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IFONo Name Temp Med
(T=Type strain)
16319  Kocuria rhizophila 30 802

DSM 11926 < R.M. Kroppensteedt, TAGA 68.
Source: rhizoplane of the narrow-leaved cattail

16320™  Gordonia polyisoprenivorans 30 802
DSM 44302.
Source: fouling tyre water

163227  Streptomyces thermoalcalitolerans 45 227

DSM 41741 < M. Goodfellow, TA56.
Source: soil

16323 T Streptomyces thermocarboxydus 45 227
DSM 44293 <« S.B. Kim (M. Goofellow), AT37.
Source: allotment garden soil

16324 T  Streptomyces thermocarboxydovorans 45 227
DSM 44296 <« S.B. Kim (M. Goodfellow), ATS2.
Source: allotment garden soil

16347 Serratia marcescens 30 802
Res. Lab. Appl. Biochem., Tanabe Seiyaku Co. Ltd. (H. Matsumae) < Dept.
Bacteriol., Fac. Med., ShinSnshu Univ. (H. Matsumoto, Sr41).
Source: sewage

16353 Streptomyces sp. 28 228
JCM 8963 « M. Hamada, MA 267-Al.
Source: soil

16357 Clostridium sporogenes 37 802
JCM 7850 < IAM 19235 < S. Sugama < ATU < National Cancer's
Association, Washington.

16364  Microbacterium sp. 24 802
VKM Ac-1389.
Source: steam gall induced by Anguina agropyri

16365 Microbacterium sp. 24 802
VKM Ac-1391.
Source: seed gall induced by Anguina agrostis

16366 Microbacterium sp. 24 802
VKM Ac-1781.
Source: seed gall induced by Anguina agrostis

16367 Microbacterium sp. 24 802
VKM Ac-1782 < T.G. Dobrovolskaya, strain 3Gla.
Source: root gall induced by Sabanguina radicicola
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IFONo Name Temp Med
(T=Type strain)

16368  Microbacterium sp. 24 802
VKM Ac-1807.
Source: leaf gall induced by Anguina graminis

16369  Microbacterium sp. 24 802
VKM Ac-1808.
Source: leaf gall induced by Anguina graminis

16370 Microbacterium sp. 24 802
VKM Ac-2011.
Source: permafrost (depth 23m, 1.8-3.0 million years ago)

16371 Microbacterium sp. 24 802
VKM Ac-2012.
Source: permafrost (depth 23m, 1.8-3.0 million years ago)

16372 Microbacterium sp. 24 802
VKM Ac-2013.
Source: permafrost (depth 23m, 1.8-3.0 million years ago)

16373 Microbacterium sp. 24 802
VKM Ac-2014.
Source: permafrost (depth 48.8 m, 1.8-3.0 million years ago)

16374 Microbacterium sp. 24 802
VKM Ac-2015.
Source: permafrost (depth 32.2 m, 1.8-3.0 million years ago)

16375 Microbacterium sp. 24 802
VKM Ac-2016.
Source: permafrost (depth 23m, 1.8-3.0 million years ago)

16376 Microbacterium sp. 24 802
VKM Ac-2047.
Source: phylloplane

16377 Microbacterium sp. 24 802
VKM Ac-2048.
Source: phyllosphere

16378 Microbacterium sp. 24 802
VKM Ac-2049.
Source: phyllosphere

16379 Microbacterium sp. 24 802
VKM Ac-2050.
Source: rhizosphere of Carex pachysylis
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IFONo Name Temp Med
(T=Type strain)

16380  Microbacterium sp. 24 802
VKM Ac-2051 < INMI VKM B-1201 < IBPM B-159 < V.L.Belikova,
strain 19-2.
Source: thizosphere of Poa bulbosa

16381 Microbacterium sp. 24 802
VKM Ac-2053.
Source: phylloplane of Mentha sp.

16384 Curtobacterium sp. 24 802
VKM Ac-1376.
Source: root gall induced by Subanguina radicicola

16385 Curtobacterium sp. 24 802
VKM Ac-1386.
Source: seed gall induced by Anguina agrostis

16386 Curtobacterium sp. 24 802
VKM Ac-1387.
Source: leaf gall induced by Mesoanguina picridis

16387  Curtobacterium sp. 24 802
VKM Ac-1393.
Source: steam gall induced by Heteroanguina graminophila

16388 Curtobacterium sp. 24 802
VKM Ac-1395.
Source: leaf gall induced by Anguina graminis

16389 Curtobacterium sp. 24 802
VKM Ac-1397.
Source: leaf gall induced by Anguina graminis

16390 Curtobacterium sp. 24 802
VKM Ac-1399.
Source: leaf gall induced by Anguina graminis

16391 Curtobacterium sp. 24 802
VKM Ac-17%4.
Source: seed gall induced by Anguina agrostis .

16392 Curtobacterium sp. 24 802
VKM Ac-1795.
Source: seed gall induced by Anguina agrostis

16393 Curtobacterium sp. 24 802
VKM Ac-1796.
Source: leaf gall induced by Mesoanguina picridis
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IFO No

16394

16395

16396

16397

16398

16399

16400

16401

16402

16403

16404

16405

16406

Name Temp
(T=Type strain)

Curtobacterium sp.

VKM Ac-1806.

Source: leaf gall induced by Anguina graminis
Curtobacterium sp.

VKM Ac-1809.

Source: leaf gall induced by Anguina graminis
Curtobacterium sp.

VKM Ac-1811. :

Source: steam gall induced by Heteroanguina graminophila
Curtobacterium sp.

VKM Ac-1840.

Source: seed gall induced by Anguina agrostis
Curtobacterium sp.

VKM Ac-2052.

Source: leaf gall induced by Heteoanguina graminophila
Curtobacterium sp.

VKM Ac-2054.

Source: steam gall induced by Heteroanguina graminophila
Curtobacterium sp.

VKM Ac-2055.

Source: seed

Curtobacterium sp.

VKM Ac-2056.

Source: seed

Curtobacterium sp.

VKM Ac-2057.

Source: phyllosphere

Curtobacterium sp.

VKM Ac-2058.

Source: phyllosphere

Curtobacterium sp.

VKM Ac-2059.

Source: seed

Curtobacterium sp.

VKM Ac-2060.

Source: seed

Curtobacterium sp.

VKM Ac-2061.

Source: seed

24

24

24

24

24

24

24

24

24

24

24

24

24

Med

802

802

802

802

802

302

802

802

802

802

302

802

802

119
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IFO No Name Temp Med
(T=Type strain)
16407 Curtobacterium sp. 24 802
VKM Ac-2062.
Source: seed
16408 T  Actinoplanes capillaceus 28 227

Kitasato Inst. (S. Omura, K95-5561).
Source: soil

16411 T  Clostridium sporogenes 37 802
ATCC 7955 « NCA 3679 (putrefactive anaerobe).

16412 "  Bacillus subtilis subsp. subtilis 30 357
JCM 1465 «— IAM 12118 « ATCC 6051 < H.C. John (strain Marburg).

16414  Microbacterium kitamiense 25 802

JCM 10270 <« H. Matsuyama Kitami C-2.
Source: waste water of a sugar-beet factory

16415  Sphingomonas herbicidovorans 30 802
DSMZ 11019 <« H.PE. Kohler < F. Streichsbier, TU Vienna, MH.
Source: soil

16416 T Microbispora corallina 28 231
JCM 10267 « V. Kitpreechavanich, DF-32.
Source: soil

16432T  Beutenbergia cavernae 30 230
DSM 12333 <« I Groth, Hans-Knoll Inst., Jena, HKI 0122.
Source: soil

16433 T  Gordonia alkanivorans 30 230
DSM 44369 «— C. Kummer, Hans-Knoll Inst., Jena. HKI 0136.
Source: tar and phenol contaminated soil

16434 T  Ornithinicoccus hortensis 30 230
DSM 12335 « I Groth, Hans-Knoll Inst., Jena, HKI 0125.
Source: garden soil

16435T  Rhodobacter capsulatus 28 360
JAM 14232 « Y. Hoshino «— ATCC 11166 < C.B. van Niel, ATH 2.3.1.

16436 T Rhodobacter azotoformans 28 360
IAM 14814 <« JCM 9340 <« A. Hiraishi, KA2S.

16437T  Rhodobacter blasticus 30 360

DSM 2131 « C.S. Dow.
Source: eutrophic pond
16444 T  Bacillus lentus 30 802
R & D Dept., Higeta Shoyu Co., Ltd. (O. Shida, HSCC 187) « JCM 2511 «
CCM 2214 « NCIB 8773 « NCTC <« T. Gibson, 165.
Source: soil
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IFO No

Name Temp Med

(T=Type strain)

16446 T

16449

16458 T

164627

16470 T

164717

16472

16473

16482

16486 "

32594

32595

32596

32625

Streptomyces malaysiensis 28 231
DSM 41697 < M. Goodfelow, ATB-11 < A. Al-Tai, Univ. Malaya.
Source: soil

Bacillus subtilis subsp. subtilis 30 802
Shizuoka Univ. (Y. Tahara) < Kikkoman Co.

Source: natto

Rhodobacter veldkampii 25 802
DSM 11550 <= ATCC <« IF. Imhoff, 51 < T.A. Hansen, CIP 103912.
Source: freshwater pond

Nonomuraea longicatena 28 266
NRRL 15532 < Kyowa Hakko Co., Ltd., K-252, soil.

Source: soil

Acetobacter tropicalis 30 804
NRIC 0312.

Source: coconut juice

Acetobacter indonesiensis 30 804
NRIC 0313.

Source: rotten zirzak (fruit)

Acetobacter aceti 30 804
NRIC 0471 < IFO 14818.

Acetobacter aceti 30 804
NRIC 0470 < IFO 14818.

Flexibacter tractuosus 25 335

NCIMB 12854 < R.A. Lewin, EE-13 < W. Gunkel.

Source: red-brown mud

Flexibacter roseolus 25 341
NCIMB 1433 < R.A. Lewin.

Source: hot spring

Thielavia aurantiaca 24 2
IFO (T. Ito, T. Ito H2-2-5-13).

Source: field soil

Thielavia aurantiaca 24 2
IFO (T. Ito, T. Ito H2-4-10-21).

Source: field soil

Thielavia aurantiaca 24 2
IFO (T. Ito, T. Ito H2-5-10-18).

Source: field soil

Discostroma corticola 24 1
IM1079706 (W.G. Bramley).
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IFO No Name Temp Med
(T=Type strain)
32626 Discostroma tostum 24 1
IMI 188376 (T.G. Mitchell).
32705 Discostroma tricellulare 24 8

IFO (1. Okane; IOC-203).
Source: healthy leaf of Satsuki

32706 Discostroma tricellulare 24 8
IFO (1. Okane; IOC-807).
Source: healthy leaf of Mochitsutsuji

32707 Discostroma tricellulare 24 8
IFO (1. Okane; IOC-892).
Source: healthy leaf of Kirishimatsutsuji

33057 Acremonium borodinense 24 8
IFO (T. Ito, T. Ito H8-16-2).
Source: soil

33058 Acremonium cavaraeanum 24 8
IFO (T. Ito) < Takeda Chem. Ind., Ltd. (T. Kusaka, 2-2).
Source: wall of wooden house

33082 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) < NISL 1478A.
Source: seed koji of soy sauce

33083 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) «— NISL 1478B.
Source: seed koji of soy sauce

33084 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) < NISL 1905A.
Source: seed koji of soy sauce

33085 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) < NISL 1909.
Source: seed koji of soy sauce

33086 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) < NISL 1920A.
Source: seed koji of soy sauce

33087 Aspergillus sojae : 30 1
Kikkoman Co. (Y. Hanya) < NISL 1939A.
Source: seed koji of soy sauce

33088 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) < NISL 1939B.
Source: seed koji of soy sauce
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IFO No

Name Temp

(T=Type strain)

33089
33990
33091
33092

33093

33094

33095

33096
33097
33098
33099

33100

Geosmithia virida 24
ATCC 56972 < FRR 1863 (A.D. Hocking, Australia).

Source: creek bank soil

Paecilomyces pascus 24
ATCC 56973 < FRR 1925 (G.C.M. Latch, New Zealand).
Source: pasture grass

Penicillium oblatum 24
ATCC 56979 < FRR 2234 (A.D. Hocking, Australia).

Source: spoiled baby food

Penicillium sabulosum 24
ATCC 56984 <« FRR 2743 (A.D. Hocking, Australia).

Source: pasteurized fruit juice

Nigrospora sacchari 24

Med

Life Web, Graduate School of Human and Environmental Studies, Kyoto

University (M. Okada, 98170804).
Source: living leaf of reed
Nigrospora sphaerica 24

Life Web, Graduate School of Human and Environmental Studies, Kyoto

University (M. Okada, 98320101).
Source: living leaf of reed
Phaeosphaeria nigrans 24

Life Web, Graduate School of Human and Environmental Studies, Kyoto

University (M. Okada, 9612A0603).

Source: living leaf of reed

Rosellinia sp. 24
Meiji Seika Kaisha Ltd. (S. Miyadoh, PF1022).

Source: leaf

Phycomyces blakesleeanus 24

Institute of Genetic Ecology, Tohoku University (A. Miyazaki, IGE 1101) «

Caltech < NRRL 1555.

Crocicreas epifagicola 20
CUP 63663 (R.P. Korf).

Source: old stems

Clonostachys rosea 24
Tanabe Seiyaku Co. (T. Okuda, TC 1294).

Source: soil

Clonostachys rosea 24
Tanabe Seiyaku Co. (T. Okuda, TC 1297). .
Source: living plant leaf

1
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IFO No

Name

(T=Type strain)

33101

33102

33103

33104

33105

33106

33109

33112

33113

33114

33115

33116

33117

Clonostachys compactiuscula

IFO Res. Commun.

Tanabe Seiyaku Co. (T. Okuda, TC 1292).

Source: bark
Gliocladium catenulatum

Tanabe Seiyaku Co. (T. Okuda, TC 1280).

Source: soil
Gliocladium sp.

Tanabe Seiyaku Co. (T. Okuda, TC 1052 (F2665)).

Source: leaf
Gliocladium sp.

Tanabe Seiyaku Co. (T. Okuda, TC 1282).

Source: fruit body
Mariannaea elegans var. punicea

Tanabe Seiyaku Co. (T. Okuda, TC 1322).

Source: soil
Mariannaea camptospora

Tanabe Seiyaku Co. (T. Okuda, TC 1287).

Source: soil

Kallichroma tethys

IFO (A. Nakagiri, AN-1660).

Source: decomposing wood in seawater
Penicillium digitatum

Lab. Plant Pathol., Dept. Agric. Environ
Source: domestic satsuma mandarin
Penicillium digitatum

Lab. Plant Pathol., Dept. Agric. Environ
Source: imported orange

Penicillium digitatum

Lab. Plant Pathol., Dept. Agric. Environ
Source: domestic satsuma mandarin
Penicillium digitatum

Lab. Plant Pathol., Dept. Agric. Environ
Source: imported lemon

Penicillium digitatum

Lab. Plant Pathol., Dept. Agric. Environ
Source: imported lemon

Penicillium digitatum

Lab. Plant Pathol., Dept. Agric. Environ
Source: imported lemon

Temp Med
24 1
24 1
24 1
24 1
24 1
24 1
24 15
24 1

. Biol., The Univ. Tokyo (T. Hibi; PD5).

24 1
. Biol., The Univ. Tokyo (T. Hibi; DF1).

24 1
. Biol., The Univ. Tokyo (T. Hibi; Ul).

24 1
. Biol., The Univ. Tokyo (T. Hibi; LC2).

24 1
. Biol., The Univ. Tokyo (T. Hibi; M1).

24 1
. Biol., The Univ. Tokyo (T. Hibi; I1).
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IFO Ne Name Temp Med
(T=Type strain)
33118 Penicillium digitatum 24 1
Lab. Plant Pathol., Dept. Agric. Environ. Biol., The Univ. Tokyo (T. Hibi; LC2M).
33126 Pythium porphyrae 24 15
CBS 369.79 <« IFO 30347 < Coll. Univ. Osaka Pref. (M. Takahashi; UOP
166).
Source: diseased thallus of cultivated Susabinori
33128 Halophytophthora vesicula 24 15
Marine Inst., Univ. Georgia (S. Newell, SAP 127).
Source: submerged (seawater) decyaing leaves
33130 Colletotrichum orbiculare 24 1
Miyagi Pref. Hort. Exp. Stn. (H. Kanno, MCK-1).
Source: netted melon
33131 Morchella esculenta 24 1
Fac. Agr., Shinshu Univ. (A. Yamada, 102).
33132 Morchella esculenta 24 1
Fac. Agr., Shinshu Univ. (A. Yamada, 551).
33133 Lyophyllum shimeji 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 608).
33134 Lyophyllum decastes 24 1
Fac. Agr., Shinshu Univ. (A. Yamada, 506).
33135  Lyophyllum semitale 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 586).
33136 Tricholoma matsutake 20 7
Fac. Agr., Shinshu Univ. (A. Yamada, Y-1).
33137  Tricholoma matsutake 20 7
Fac. Agr., Shinshu Univ. (A. Yamada, F).
33138 Tricholoma bakamatsutake 20 7
Fac. Agr., Shinshu Univ. (A. Yamada, B-1).
33139 Tricholoma ustale 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 610).
33140 Tricholoma ustale 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 611).
33141 Tricholoma ustale 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 612).
33142 Tricholoma flavovirens 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 613). ‘
33143 Tricholoma flavovirens 24 7

Fac. Agr., Shinshu Univ. (A

. Yamada, 614).
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IFO No Name Temp Med
(T=Type strain)
33144 Tricholoma portentosum 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 615).
33145 Tricholoma saponaceum 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 616).
33146 Leucopaxillus giganteus 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 571)
33147 Suillus granulatus 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 108).
33148 Suillus granulatus 24 7
Fac. Agr.,, Shinshu Univ. (A. Yamada, 577),
33149 Suillus luteus 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 524).
33150 Suillus bovinus 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 606).
33151 Rhizopogon rubescens 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 517).
33152 Rhizopogon rubescens 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 630).
33153 Rhizopogon rubescens 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 632).
33154 Lactarius hatsudake 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 584).
33155 Lactarius hatsudake 24 1
Fac. Agr., Shinshu Univ. (A. Yamada, 124).
33156 Lactarius akahatsu ' 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 561).
33157 Lactarius akahatsu 24 7
Fac. Agr., Shinshu Univ. (A. Yamada, 583).
33163 Lysurus mokusin 25 1
IFO (T. Ito, Kumada, ground).
Source: ground
33164 Halophytophthora vesicula 24 15

Marine Inst., Univ. Georgia (S. Y. Newell, SAP 86).
Source: submerged decyaing leaves of black mangrove
33165 Halophytophthora vesicula 24 15
Marine Inst., Univ. Georgia (S. Y. Newell, SAP 100).
Source: submerged decyaing leaves of black mangrove
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Name

(T=Type strain)

33166

33169

33176

33177

33178

33180

33181

33182

33183

33184

33185

33186

33187

Halophytophthora vesicula

Marine Inst., Univ. Georgia (S. Y. Newell, SAP 114).
Source: submerged decyaing leaves of black mangrove
Calcarisporiella thermophila

IFO (T. Ito, H1245-6-3).

Source: soil

Mycogone cervina

IFO (Tad. Ito, Tad. Ito H11-21).

Source: fruit body

Mycogone cervina

IFO (Tad. Ito, Tad. Ito H12-78).

Source: fruit body

Cladobotryum verticillatum

IFO (Tad. Ito, Tad. Ito H12-81).

Source: decayed mushroom

Phytophthora cinnamomi

Kochi Pref. Pl. Prot. Of. (T. Kobayashi, Hp. Phy2SH).
Source: root of tutsan

Phytophthora cinnamomi

Kochi Pref. Pl. Prot. Of. (T. Kobayashi, Hp. Phy4SH).
Source: root of tutsan

Phytophthora cinnamomi

Kochi Pref. P1. Prot. Of. (T. Kobayashi, Hp. Phy5-2SH).

Source: root of tutsan
Phytophthora cinnamomi

Kochi Pref. Pl. Prot. Of. (T. Kobayashi, Hp. Phy6SH).
Source: root of tutsan
Tremellochaete japonica

IFO (A. Nakagiri, Tj-8).

Source: dead branch of mangrove
Tremellochaete japonica

IFO (A. Nakagiri, Tj-2).

Source: dead branch of mangrove
Tremellochaete japonica

IFO (A. Nakagiri, Tj-4).

Source: dead branch of mangrove
Tremellochaete japonica

IFO (A. Nakagiri, Tj-1).

Source: dead branch of mangrove

Temp

24

37

24

24

24

24

24

24

24

24

24

24

24

Med

15
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IFO No Name Temp Med
(T=Type strain)
33188 Tremellochaete japonica 24 1

IFO (A. Nakagiri, Tj-6).
Source: dead branch of mangrove

33189 Tremellochaete japonica 24 1
IFO (A. Nakagiri, Tjmass-2).
Source: dead branch of mangrove

33190 Phytophthora nicotianae 24 1
Kochi Pref. Pl. Prot. Of. (T. Kobayashi, C.C. Phy 1-1SZ).
Source: leaf of Chinese chive

33191 Phytophthora nicotianae 24 1
Kochi Pref. Pl. Prot. Of. (T. Kobayashi, W.0.Phy 1-1SZ).
Source: leaf of Welsh onion

33192 Phytophthora nicotianae 24 1
Kochi Pref. Pl. Prot. Of. (T. Kobayashi, G. Phy 1-1SZ).
Source: bulb

33193 Phytophthora nicotianae 24 1
Kochi Pref. Pl. Prot. Of. (T. Kobayashi, L. Phy 1SZ).
Source: stem of lily

50513 MTA 37
natural killer (NK)-like T cell leukemia/lymphoma

50514  ISO-HAS 37
hemangiosarcoma arizing on scalp, metastasis to auricle

50515 ISOS-1 37
poorly differentiated angiosarcoma at skin

50516 TMDS 37
acute lymphoblastic leukemia

50518 KAI3 37
severe chronic active Epstein-Barr virus infection , hypersensitivity to mosquito
bite

50519 Al 37
Dept. Neurochem., Natl. Inst. Neurosci. (K. Ohsawa).

50520 MGS 37
Dept. Neurochem., Natl. Inst. Neurosci. (K. Ohsawa).

50524 NCB 37
chronic myelogenous lenkemia, blast crisis

50525 NCO02 ' 37

chronic myelogenous leukemia, blast crisis
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List of Excluded Strains

January 1999 - December 2000

IFO No. NAME OF SPEICES

5822 Phycomyces blakesleeanus

5871 Phycomyces blakesleeanus

6927 Tricholoma matsutake
14292 Clostridium sporogenes
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List of Media Newly Registered

353 SSW Medium

Sodium malete
Sodium succinate
KH,PO,4
K>;HPO,
(NH,)2504
MgS0O,4-TH;0
NaCl
CaCl,-2H,0
Nazszog * 5H20
MgCl,-6H,0
Yeast extract
Vitamin mixture*
Trace element solution**
Distilled water

*  Vitamin mixture
Thiamine-HC1
Niacine
p-Aminobenzoic acid
Pyridoxal-HC1
Biotin
Vitamin B,

Distilled water

** Trace element solution
EDTA-2Na
F()Cla . 6H20
ZnClz
MnClz * 2H20
H3BO;

COC12 - 6H20
N32M04 * 2H20
CuCL2H,0
NiCl,+6H,0
Na;SeO;
Distilled water

354 (for IFO 3836)

Polypepton*
Yeast extract
MgS04-7H,0
Soil extract**
Distilled water

*  Wako Pure Chemicals Ind. Ltd., Osaka,

1 g
1 g
02 g
0.9 g
1 g
0.2 g
20 g
005 g
0.1 g
2 g
0.1 g
1 ml

1 ml

1 L
pH7.2

50 mg
50 mg
30 mg
10 mg
5 mg
5 mg
100 ml
1 g
2 g
0.1 g
0.1 g
0.1 g
0.1 g
20 mg
10 mg
10 mg
5 mg
1L
10 g
2 g
1 g
100 ml
900 ml
pH7.2

Japan.

** 500 g of soil in 500 ml of water was
autoclaved at 121°C for 30 min and filtered.

355 (for IFO 15890)

R-CW Agar
Peptone
Tryptone

Yeast extract
KH,PO4
CH3COONa-3H,0
(NHg)2* HC6HsO4
MgSO4 '7H20
MDSO4 'l'leO
Tween 80
Cheese whey*

*  Add HCl to warmed milk, and coagulate.
After coagulation, centrifuge and use the

supernatant.

356 (for IFO 14606, 14607)

Polypepton*

Yeast extract

MgSO4 * '7H20
N-Acetyl-D-glucosamine
Distilled water

Agar

* Wako Pure Chemicals Ind. Ltd., Osaka,

Japan.
357 (for IFO 14412, 14413)

Polypepton*
Yeast extract
MgS0O4-TH;0O
D-Alanine
Distilled water
Agar

*  Wako Pure Chemicals Ind.

Japan.

5 g
5 g
5 g
5 g
5 g
2 g
0.5 g
0.5 g
1 ml
1 L
pH 6.0

10 g
2 g
1 g
50 mg
1 L
15 g
pH 7.0

10 g
2 g
1 g
50 mg
i L
15 g
pH7.0

Ltd., Osaka,
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358 (for IFO 14414)

Polypepton*
Yeast extract
MgSO4 * 7H20
Thymine
Distilled water
Agar

10
2

1
100
1
15

(=X -] t“o%oaoam:

pHT.

* Wako Pure Chemicals Ind. Ltd., Osaka,

Japan.

359 (for IFO 14419)

Polypepton*
Yeast extract
MgS 04 - 7H20
Cytidine
Distilled water
Agar

*Wako Pure Chemicals Ind. Ltd., Osaka,

Japan.

360 SA Medium

Sodium acetate
Sodium succinate
KH,PO,
K>HPO,
(NH4)2804
MgS0,4-7H;0
NaCl

CaClz M 2H20
NayS,03-5H,0
Yeast extract
Vitamin mixture*
Trace element solution**
Distilled water
Agar

*  Vitamin mixture
Thiamine-HCl
Niacine
p-Aminobenzoic acid
Pyridoxal-HC1
Biotin
Vitamin B;,

Distilled water

** Trace element solution

EDTA-2Na

10 g
2 g

1 g
50 mg
1 L
15 g
pH7.0

1 g

1 g
0.5 g
0.6 g

1 g
0.2 g
0.2 g
005 g
0.1 g
0.1 g

1 mi

1 ml

1 L
15 g
pH6.7

500 mg
500 mg
300 mg
100 mg
50 mg
50 mg
1 L

131

FeClg " 6H20 2 g
ZnCl, 0.1 g
MnCl,-2H;0 0.1 g
H3B03 0.1 g
CoCly-6H,0 0.1 g
Na;MoO,-2H,0 20 mg
CuCl*2H,0 10 mg
NiCl,-6H;0 10 mg
Na;SeOs 5 mg
Distilled water 1 L
361 Rhodobacter veldkampii Medium
Sodium acetate 1 g
Sodium succinate 1 g
KH2PO4 0.5 g
K2HP04 0.6 g
(NH4)2S804 1 g
MgS0O,4-TH,0 0.2 g
NaCl 0.2 g
CaCl,-2H,;0 005 g
Na28203 . 5H20 0.1 24
Yeast extract 0.1 g
Vitamin mixture* 1 ml
Trace element solution** 1 m]
Sulfide solution*** 50 ml
Distilled water 1 L
pH6.7
Sterilize Vitamin mixture and Sulfide
solution separately, and add after
autoclaving.
*  Vitamin mixture
Thiamine-HCl 50 mg
Niacine 50 mg
p-Aminobenzoic acid 30 mg
Pyridoxal-HCl 10 mg
Biotin 5 mg
Vitamin B, 5 mg
Distilled water 100 ml
** Trace element solution
EDTA-2Na* 1 g
FeCl;-6H,O 2 g
ZnCl, 0.1 g
MnCl,-2H,0 0.1 g
H3B03 0.1 g
CoCL-6H0 0.1 g
Na,Mo0O4-2H,0 20 mg
CuCl;-2H,0 10 mg
N iClz . 6H20 10 mg
N: aZSe03 5 mg
Distilled water 1 L

*+* Sulfide solution
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Na,S 3 g Japan.
Distilled water 200 ml
Autoclave with a magnetic-stirrer rod in the 365
flask. Partially neutralize the sterilized sulfide
solution by adding, on a magnetic stirrer, drop Polypepton* 5 g
by drop, sterile 2 M H,SOq. Yeast extract 5 g
Glucose 5 g
362 (for IFO 12172) MgS04-TH,0 1 g
Distilled water 1 L
Polypepton* 5 g pHS5.5
Yeast extract 5 g
Glucose 5 g *  Wako Pure Chemicals Ind. Ltd., Osaka,
MgS04-TH,0 1 g Japan.
NaCl 80 g
Distilled water 1 L 366 For Lactic Acid Bacterium
pHY9.5
Peptone 10 g
* 'Wako Pure Chemicals Ind. Ltd., Osaka, Meat extract 10 g
Japan. Yeast extract 5 g
Glucose 20 g
363 (for IFO 3896) Tween 80 1 g
KzI‘IPO4 2 g
Peptone 10 g Sodium acetate 5 g
Meat extract 10 g Diammonium citrate 2 g
Yeast extract 5 g MgSO4-7H0 0.2 g
Glucose 20 g MnSQO4-nH,0 0.05 g
Tween 80 1 g Distilled water 1 L
K;HPO4 2 g Agar 15 g
Sodium acetate 5 g pHS5.5
Diammonium citrate 2 g
MgS04-TH;0O 0.2 g 367 mjYPGS Medium
MnSO4-nH,0 005 g
Mevalonic acid 50 mg NaCl 3 g
Distilled water 1 L K;HPO4 14 mg
pHS5.5 CaCl,-2H,0 14 mg
or NH4Cl1 125 mg
SI medium dehydrated* 50 g NaNO; 125 mg
Distilled water 1 L MgSO,-TH,O 034 g
pHS5.5 MgCl,-6H,0 41.8 mg
KCl 33 mg
*  Nippon Jozo Kyokai, 6-30, Takinogawa 2 NiCl,-6H,O 0.05 mg
chome, Kita-ku, Tokyo 114. Na,SeOs*5H,0 0.05 mg
Fe(II)-citrate 5 mg
364 Trace mineral solution* 1 ml
Na28203 . 5H20 2 g
Polypepton* 5 g Na,Si03*9H0 1 g
Yeast extract 5 g Yeast extract (Difco) 1 g
Glucose 5 g Peptone (BBL) 1 g
MgSO4-TH,0 1 g Glucose 0.2 g
Distilled water 1 L Sodium succinate 0.2 g
Agar 15 g Distilled water 1 L
pH8.0 Adjust pH 7.5-8.0 with H;SO4

*  Wako Pure Chemicals Ind. Ltd., Osaka, * Trace mineral solution
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Nitlirotriacetic acid 1.5 g
MnSO,-2H,0 0.5 g
CoS04-THO 0.5 g
ZnS04-7H,0 0.18 g
CuS04-5H,;0 0.01 mg
KAI(SO4)2-12H,0 002 g
H3B03 0.01 g
Na;Mo0,-2H,0 0.01 mg
Distilled water 1 L
702 (for rehydration of dried culture)
Polypepton* 10 g
Yeast extract 2 g
MgS0,-7H,0 1 g
Distilled water 1 L
pH7.0
* Wako Pure Chemicals Ind. Ltd., Osaka,
Japan.
807 Thioglycolate Medium*
Polypepton** 15 g
Yeast extract 5 g
Glucose 5 g
NaCl 2.5 g
L-Cystine . 0.5 g
Sodium thioglycolate 0.5 g
Resazurin 1 mg
Distilled water 1 L
Agar 15 g
pH7.0-7.2

* Thioglycollate Medium I <Daigo> for JP
genera] test, Wako Pure Chemicals Ind. Ltd.,
Osaka, Japan.

*k Wako Pure Chemicals Ind. Ltd., Osaka,
Japan.
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Presentation of Papers at Scientific
Meetings, 1999-2000

Nishi-Nippon Division of The Mycological Society of Japan, 6th Mycology Course
(January, 1999, Kyoto)

K. Mikata

The latest taxonomy of the ascomycetous yeasts

The Committee of Information, The Japan Health Science Foundation (March, 1999,
Osaka)

Masao Takeuchi

Biological Research Resources in Japan

Japan Society for Bioscience, Biotechnology and Agrochemistry (March, 1999,
Fukuoka)

T. Tamura, S. Suzuki? and K. Hatano

New actinomycetes belonging to the family Streptosporangiaceae

1) Tanabe Seiyaku Co., Ltd.

Y. Nakagawa, K. Kuroshima®, T. Sakane? and K. Hatano
Phylogenetic positions of the three strains isolated from silkworm larvae
1) Takeda Chem. Ind.

K. Ueda-Nishimura and K. Mikata _ _
A new species of ascomycetous yeast from leaves of mangrove Kandelia candel

Mycological Society of Japan (May, 1999, Hirosaki)
Tad. Ito, I. Okane, A. Nakagiri and W. Gams?
Three species of the genus Acremonium of Deuteromycotina
1) CBS, The Netherlands

I. Okane, A. Nakagiri and Tad. Ito
Secondary conidium-like structures of Monochaetia

A. Nakagiri, I. Okane and Tad. Ito
Diversity and ecology of halophytophthoras (Oomycetes) inhabiting mangrove
brackish water

Japan Society for Culture Collection (June, 1999, Chiba)
A. Nakagiri
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Exchange of cultures between culture collections

K. Mikata, K. Ueda-Nishimura, S. Goto?, C. P. Kurtzman?, M. Suzuki®, D.
Yarrow® and T. Nakase®

The new species Candida kofuensis sp. nov., isolated from wild grapes

1) Tokyo Univ. of Agric.

2) NRRL, USA

3) Japan Collection of Microorganisms, RIKEN

4) CBS, The Netherlands

The Annual Meeting of the Society for Actinomycetes Japaﬁ (June, 1999, Kitamoto)
T. Tamura and K. Hatano
The phylogenetic structure of the genus Actinoplanes on the basis of 16S IRNA

The 7th International Marine and Freshwater Mycology Symposium (July, 1999, Hong
Kong)

A. Nakagiri

Ecology and diversity of halophytophthoras

Tad. Ito and A. Nakagiri
Mycoflora of the rhizospheres of Japanese mangrove trees

D. Honda»®, T. Yokochi®, T. Nakahara?, S. Raghukumar®, A. Nakagiri, K.
Schaumann® and T. Higashihara?

18S rDNA phylogeny of labyrinthulids and thraustochytrids with molecular floris-
tic investigation

1) Marine Biotech. Inst.

2) Natl. Inst. Biosci. Human-Tech.

3) Natl. Inst. Ocean., India

4) Alfred-Wegener-Inst. fur Polar-Meeresforsch., Germany

9th International Congress of Bacteriology and Applied Microbiology (August, 1999,
Sydney) _ ,
Mariko Takeuchi, A. HiraishiV, K. Hamana? and K. Hatano
Proposal of the genus Sphingomonc_zs» sensu stricto and three new genera based on
the analysis of 16S ribosomal RNA sequence and polyamine profile
1) Toyohashi Univ. of Technol.
2) Sch. of Health Sci., Gunma Univ.

1st International Confel"ence' on Biology of Actinomycetes under Extreme Environ-
ments (August, 1999, Kunming, China)

T. Tamura

Establishment of taxonomic status of the strains belonging to invalidated genera of
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the order Actinomycetales

The Society for Bioscience and Bioengineering, Japan (September, 1999, Osaka)

A. Nakagiri
Diversity of mangrove inhabiting fungi and their application

Y. Nagatsuka?, H. Kawasaki?, L. Savitree?, K. Mikata and T. SekiV
Citeromyces siamensis sp. nov., a new species of halotolerant yeasts isolated in
Thailand

1) IC Biotech, Osaka Univ.

2) Kasetsart Univ., Thailand

Annual Meeting on Microbial Taxonomy (October, 1999, Osaka)

Y. Nagatsuka?, H. Kawasaki?, L. Savitree?, K. Mikata and T. Seki¥
Citeromyces siamensis sp. nov., a new species of halotolerant yeasts isolated in
Thailand

1) IC Biotech, Osaka Univ.

2) Kasetsart Univ., Thailand

A. Nakagiri
Studies on the diversity and collection of micro-organisms inhabiting mangroves

D. Honda'?, T. Yokochi®, T. Nakahara?, S. Raghukumar®, A. Nakagiri, K.
Schaumann® and T. Higashihara?®

Molecular phylogeny of labyrinthulids and thraustochytrids based on the sequenc-
ing of 18S ribosomal RNA gene

1) Marine Biotech. Inst.

2) Natl. Inst. Biosci. Human-Tech.

3) Natl. Inst. Ocean., India

4) Alfred-Wegener-Inst. fur Polar-Meeresforsch., Germany

Mariko Takeuchi, Y. Hamana? and A. Hiraishi®

Proposal of the genus Sphingomonas sensu stricto and three new genera on the
basis of phylogenetic and chemotaxonomic analyses ‘

1) Sch. of Health Sci., Gunma Univ.

2) Toyohashi Univ. of Technol.

11th International Symposium on the Biology of Actinomycetes (October, 1999, Crete,
Greece)

T. Tamura and K. Hatano
The phylogenetic structure of the genus Actinoplanes

K. Hatano, T. Nishii and H. Kasai?
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Proposal of a new criterion for identification and classification of Streptomyce
species: gyrB sequence
1) Marine Biolotech. Inst.

Riken Symposium (November, 1999, Wako)
A. Nakagiri
Autecology of Halophytophthora species inhabiting mangrove brackish water

Japan Science and Technology Corporation (JST) Symposium (December, 1999, Tokyo)
Masao Takeuchi and K. Hatano
A database for the classification and identification of Streptomyces strain

Japan Society for Bioscience, Biotechnology and Agrochemistry (April, 2000, Tokyo)
M. Suzuki?, Y. Nakagawa, S. Yamamoto? and S. Harayama?
Phylogenetic analysis of marine Cyfophaga-like bacteria based on the gyrB
sequence: Proposal of new genus Haerentibaculum
1) Marine Biotech. Inst.
2) Kyowa Hakko Kogyo

Mycological Society of Japan (May, 2000, Nara)
Tad. Ito, A. Nakagiri, M. Tantichaoren” and L. Manoch?
Mycobiota of the mangrove forest soil in Thailand
1) National Center for Genetic Engineering and Biotechnology (BIOTEC),
Thailand
2) Kasetsart Univ., Thailand

I. Okane, A. Nakagiri and Tad. Ito
Identity of Guignardia sp. inhabiting ericaceous plants

A. Nakagiri, Tad. Ito, Leka Manoch? and Morakot Tanticharoen?

A new species of Halophytophthora (Oomycota) from intertidal fallen leaves in
mangroves of Iriomote Is. and Thailand

1) Kasetsart Univ., Thailand

2) National Center for Genetic Engineering and Biotechnology (BIOTEC),
Thailand ‘

T. Oda®, C. TanakaV, P. Liu?, A. Nakagiri and M. Tsuda®
Molecular phylogeny of Termitomyces species

1) Grad. Sch. Agric., Kyoto Uniyv.

1) Kunming Inst. Bot., Academia Sinica

Japan Society for Culture Collection (June, 2000, Sendai)
K. Ueda-Nishimura and K. Mikata
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A new genus of Saccharomyces complex, Tetrapisispora

Symposium on labyrinthulids and related eukaryotic micro-organisms (June, 2000,
Kobe)
A. Nakagiri
Methods for culture and preservation of labyrinthulids and taxonomy and ecology
of marine fungi

The 9th International Congress for Culture Collection (July, 2000, Brisbane)
A. Nakagiri, Tad. Ito, L. Manoch? and M. Tanticharoen?
Comparative biodiversity of fungi inhabiting tropical (Thailand) and subtropical
(Japan) mangroves
1) Kasetsart Univ., Thailand _
2) National Center for Genetic Engineéring and Biotechnology (BIOTEC),
Thailand

K. Hatano and T. Nishii
Classification and quality control of Streptomyces species by gyrB-based
phylogenetic analysis

Kikuko Takeuchi?, T. Yoshida and Masao Takeuchi

In vitro proplatelet formation of megakaryocytes generated from human cord blood
CD(+)34 cells

1) Osaka Pref. Coll. of Health Sci.

T. Sakane?, Y. Nakagawa and K. Hatano

L-drying method for preservation of bacteria in Institute for Fermentation, Osaka
(IFO)

1) Takeda Chem. Ind.

Asian Mycological Congress 2000 (July, 2000, Hong Kong)
I. Okane, A. Nakagiri and Tad. Ito
Identity of two major endophytic ascomycetes of ericaceous plants

10th International Symposium on Yeasts, The Rising Power of Yeasts in Science and
Industory (August, 2000, Arnhem) ‘

' T. Hisatomi?, T. KodamaV, K. Takahashi?, M. Tsuboi?, K. Ueda-Nishimura and

K. Mikata

Construction of host-vector systems and characterization of chromosome organiza-

tion in a new species ”Saccharomycés naganishii”

1) Dept. Biotechnol., Fac. Engineering, Fukuyama Univ.

M. T. Smith?, A.W.A.M. de Cock?, Y. van de Peer?, K. Ueda-Nishimura and G.
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S. de HoogV

Phylogeny and biodiversity in Geotrichum Link: Fries
1) CBS, The Netherlands

2) Univ. of Konstanz, Germany

The 20th Annual Meeting on Microbial Systematics -Microbial Systematics, Today
and Tomorrow- (October, 2000, Tokyo)
K. Hatano v
Classification of Streptomyces species based on gyrB sequences —Comparative
studies of phylogenetic classification based on gyrB sequences and phenotypes in
the genus Streptomyces-

Nishi-Nippon Division of The Mycological Society of Japan (November, 2000, Tsu)
Tad. Ito
Long-term preservation of basidiomycetous cultures
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Scientific Papers, 1999-2000

The phylogeny of species of the ascogenous teleomorphic yeast genera
Ambrosiozyma, Hormoascus, Hyphopichia, Arthroascus, and Botryoascus based on
the partial sequences of 18S and 26S ribosomal RNAs

Y. Yamada?, T. Higashi? and K. Mikata

Bull. Fac. Agric. Shizuoka Univ. 48: 1-13 (1998)

1) Dept. of Appl. Biol. Chem., Fac. of Agric., Shizuoka Univ.

Replacement of ATCC 21273, The current type strain of Streptomyces rameus
Shibata 1959, with IFO 3782: Request for an opinion

K. Hatano

Int. J. Syst. Bacteriol. 49: 931-932 (1999)

Molecular phylogeny of labyrinthurids and thraustochytrids based on the sequencing of
18S ribosomal RNA gene

D. Honda»®, T. Yokochi?, T. Nakahara®, S. Raghukumar®, A. Nakagiri, K.

Schaumann® and T. Higashihara?

J. Eukaryot. Microbiol. 46: 637-646 (1999)

1) Marine Biotech. Inst.

2) Natl. Inst. Biosci., Human-Tech., Thailand

3) Natl. Inst. Ocean., India

4) Alfred-Wegener-Inst. fur Polar-Meeresforsch., Germany

A simple and rapid reverse transcriptase assay for the detection of retroviruses in cell
cultures

H. Kuno, H. Ikeda? Masao Takeuchi and T. Yoshida

Cytotechnology 29: 221-227 (1999)

1) Health Science Research Resources Bank

The latest taxonomy of the ascomycetous yeasts
K. Mikata
Nishi-Nippon Division of The Mycological Society of Japan 9: 11-14 (1999)
[in Japanese]

Reidentification of yeast strains deposited as Candida agrestis, with a description of
Candida kofuensis sp. nov.
K. Mikata, K. Ueda-Nishimura, S. GotoV, C.P. Kurtzman?®, M. Suzuki®, D.
Yarrow® and T. Nakase®
Microbiol. and Cult. Coll. 15: 49-57 (1999)
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1) Tokyo Univ. of Agric.
2) NRRL, USA

3) JCM

4) CBS, The Netherlands

Technical Note: Detection of bovine viral diarrhea virus (BVDYV) contaminated in cell
culture by RT-PCR
H. Mizusawa?, H. TanabeV, T. Masui?, Y. Takada, M. Kurematsu?, D.
Minegishi?, T. Yoshida, M. Satoh, Masao Takeuchi, T. Abe® and R. Harasawa®
Tissue Cult. Res. Commun. 18: 131-138 (1999)
1) Natl. Inst. of Health Sci.
2) Health Science Research Resources Bank
3) Mitsubishi Kasei
4) Fac. of Med., Univ. of Tokyo [in Japanese]

Effect of opioids on neuronal survival in culture of embryonic chick dorsal root
ganglion neurons
M. Sakaguchi®, T. Fujimori?, T. Satoh?, M. Satoh, Masao Takeuchi and E.
Matsumura®
Neurosci. Lett. 261: 17-20 (1999)
1) Lab. of Cell Biol., Osaka Univ. of Pharm. Sci.

Phylogenetic analysis of the genus Marinilabilia and related bacteria based on the
amino acid sequences of gyrB and emended description of Marinilabilia salmonicolor
with Marinilabilia agarovorans as its subjective synonym

M. Suzuki?, Y. Nakagawa, S. Harayama® and S. Yamamoto®

Int. J. Syst. Bacteriol. 49: 1551-1557, (1999)

1) Marine Biotech. Inst.

Corynebacterium terpenotabidum sp. nov., a bacterium capable of degrading squalene
Mariko Takeuchi, T. Sakane?, T. Nihira?, Y. Yamada?® and K. Imai®
Int. J. Syst. Bacteriol. 49: 223-229 (1999)
1) Takeda Chem. Ind.
2) Osaka Univ.
3) Research Development Corporation of Japan

A New Species of the Genus Sporichthya, Sporichthya brevicatena sp. nov.
T. Tamura, M. Hayakawa® and K. Hatano
Int. J. Syst. Bacteriol. 49: 1779-1784 (1999)
1) Yamanashi Uniyv.

Two distinct mechanisms cause heterogeneity of 16S rRNA
K. Ueda, T. Seki?, T. Kudo?, T. Yoshida® and M. Kataoka®
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J. Bacteriol. 181: 78-82 (1999)

1) I.C. Biotech, Osaka Univ.

2) Jpn. Coll. of Microorg.

3) Mitsubishi-kasei Inst. of Life Sci.

A new yeast genus, Tefrapisispora gen. nov.. Tetrapisispora iriomotensis sp. nov.,
Tetrapisispora nanseiensis sp. nov. and Tetrapisispora arboricola sp. nov., from the
Nansei Islands, and reclassification of Kluyveromyces phaffii (van der Walt) van der
Walt as Tefrapisispora phaffii comb. nov.

K. Ueda-Nishimura and K. Mikata

Int. J. Syst. Bacteriol. 49: 1915-1924 (1999)

The phylogeny of the cactophilic yeasts based on the 18S ribosomal RNA gene
sequences: the proposals of Phaffomyces antillensis and Starmera carbaea, new
combinations

Y. Yamada®, H. Kawasaki?, Y. Nagatsuka?®, K. Mikata and T. Seki?

Biosci. Biotechnol. Biochem. 63: 827-832. (1999)

1) Dept. of Appl. Biol. Chem., Fac. of Agric., Shizuoka Univ.

2) IC Biotech, Osaka Univ.

A method for detection of retrovirus in cultured cells: detection of reverse tran-
scriptase activity

T. Yoshida, H. Kuno?, H. Ikeda® and Masao Takeuchi

Tissue Cult. Res. Commun. 18: 317-321 (1999)

1) Takeda Chem. Ind.

2) Health Science Research Resources Bank [in Japanese]

Two species of Acremonium section Acremonium: A. borodinense sp. nov. and
A. cavaraeanum rediscovered |

Tad. Ito, 1. Okane, _A..Nakagiri and W. GamsV

Mycol. Res. 104 : 77-80 (2000)

1) Centraalbureau voor Schimmelcultures, The Netherlands

Intrageneric relationships among Micromonospora species deduced from gyrB -based
phylogeny and DNA relatedness ' '

H. Kasai?, T. Tamura and S. Harashima?®

Int. J. Syst. Evol. Microbiol. 50: 127-134 (2000)

1) Marine Biotech. Inst., Kashima Lab.

Ubiquinone systems in fungi. V. Distribution and taxonomic implications of ubi-
quinones in Eurotiales, Onygenales and the related plectomycete genera, except for
Aspergillus, Paecilomyces, Penicillium , and their related teleomorphs

H. Kuraishi?, M. Itoh?, Y. Katayama?®, Tad. Ito, A. Hasegawa® and J. Sugiyama®
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Antonie van Leeuwenhoek 77: 179-186 (2000)

1) Japan food Res. Lab.

2) Tokyo Univ. of Agric. and Technol.

3) Sch. of Veter. Med., Nihon Univ.

4) The Univ. museum, The Univ. of Tokyo and NCIMB Japan

Reclassification of Pichia membml_lifaciens sensu Kurtzman
K. Mikata and K. Ueda-Nishimura
Antonie van Leeuwenhoek 77: 159-171 (2000)

Ecology and biodiversity of Halophytophtora species
A. Nakagiri .
Fungal Diversity 5: 153-164 (2000)

Ecology of marine fungi
A. Nakagiri
Kéiyo, Special Issue (Marine micro-organisms) 23: 127-131 (2000)
[in Japanese]

Long term maintenance of cultures
A. Nakagiri and E.B. Gareth Jones?
In: Marine Mycology -A Practical Approach- (ed. by K.D. Hyde and S.B.
Poinﬁng) Fungal Diversity Series 1, pp. 62-68. Fungal Diversity Press, Hong
Kong. (2000) _
1) National Centre for Genetic Engineering and Biotechnology (BIOTEC),
Thailand

Activin promotes astrocytic differentiation of a multipotent neural stem cell line and
an astrocyte progenitor cell line from murine central nervous system

M. Satoh, H. Suginb” and T. Yoshida

Neurosci. Lett. 284: 143-146 (2000)

1) Inst. for Enzyme Res., Univ. of Tokushima

Expression of neural propei‘ties in olfactory cytokeratin-positive basal cell line
M. Satoh and T. Yoshida v
Develop. Brain Res. 121: 219-222 (2000)

Actinoalloteichus cyanogriseus gen. nov., sp. nov.
T. Tamura, Z. H. LiuV, Y. M. Zhang" and K. Hatano
Int. J. Syst. Evol. Microbiol. 50: 1435-1440 (2000)
1) Inst. for Microbiol., Chinese Acad. of Sci.

Acrocarpospora gen. nov., a new genus of the order Actinomycetales
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T. Tamura, S. Suzuki? and K. Hatano

Int. J. Syst. Evol. Microbiol. 50: 1163-1171 (2000)
1) Tanabe Seiyaku Co., Ltd.

Two distinct 18S rRNA secondary structures in Dipodascus (Hemiascomycetes)
K. Ueda-Nishimura and K. Mikata

Microbiology 146: 1045-1051 (2000)

Gordonia nitida sp. nov., a bacterium that degrades 3-ethylpyridine and 3-methylpyr-
idine
J.H. YooV, J. J. Lee", S. S. Kang?, Mariko Takeuchi, Y. K. Shin?, S. T. Lee?, K.
H. Kang? and Y. H. ParkV

Int. J. Syst. Evol. Microbiol. 50: 1203-1210 (2000)
1) Korea Res. Inst. of Biosci. and Biotech. (KRIBB)
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Miscellaneous Scientific
Papers, 1999-2000

A. Nakagiri, 1999. Methods for observation and record of fungal morphology in labora-
tory: Methods for scanning electron microscopy. Nihon Kingakukai Kaiho 40: 61-64.
lin Japanese]

A. Nakagiri. 1999. Symposium ”Diversified life of fungi with interrelationships between
fungus-animal-plant™: a comment for the opening address. Nihon Kingakukai Kaiho 40:
23-24. : [in Japanese]

A, Nakagiri (ed.), Y. Nakagawa, 1. Okane, T. Tamura, K. Ueda-Nishimura. 2000. Studies
of microbial flora in mangrove ecosystem and collection of their cultures. Report of
research project, Grant-in-Aid for scientific research (No. 08660405) (1998).

[in Japanese]

K. Hatano. 2000. Actinomycetes. In: Microbial Systematics in Japan: Progress in last two
decades. (ed. by K. Komagata et al.), pp. 90-98. Society for Microbial Systematics,
Tokyo. [in Japanese]

Y. Nakagawa. 2000. Gram-Negative Bacteria. In: Microbial Systematics in Japan: Prog-
ress in last two decades. (ed. by K. Komagata et al.), pp. 68-80. Society for Microbial
Systematics, Tokyo. [in Japanese]

A. Nakagiri. 2000. Ecology and diversity of fungi. Seibutsu-kogaku Kaishi 78: 505-507.
[in Japanese]
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Information

Information on the cultures maintained in the IFO collection is available in two

forms.
One is the List of Cultures (11th edition, 2000), in which a total of 11,688 strains of
bacteria including actinomycetes, yeast, filamentous fungi, and bacteriophages are listed.
This publication also includes the IFO strain database on a CD-ROM operating on a
standard browser, IE 4.0 or NN 6.0. The price is ¥ 5,000 (plus tax in Japan) excluding
postage. For overseas delivery, additional shipping and handling charges are requested.
It is available through the Academic Society Japan, 16-19, Honkomagome 5-chome,
Bunkyo- ku, Tokyo 113-8622.

The second source of information is the IFO home page (http://www.ifo.or.jp),
which gives access to the IFO biological resources database, the order sheet, and informa-
tion on publications, services etc. This on-line system allows the user to search for
scientific names, IFO numbers, other culture collection designations, strain data, and
medium data of microorganisms, and to order cultures and deposit strains.
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