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TFO Res. Commun. 19,
1-5, 1999 (March)

REPORT OF THE DIRECTOR

Masao TAKEUCHI

Since its establishment in 1944, the Institute for Fermentation, Osaka (IFO) has
strongly endeavored to maintain a culture collection for over 54 years with the continuous-
ly financial support by Takeda Chemical Ind. Ltd. 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 resources materials. Another result is that a Convention on Microorganisms
Diversity was recently concluded internationally and had a great influence on traditional
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. From 1995 the IFO joined with the Japan Health Sciences
Foundation in managing a research resources bank for the Ministry of Health and
Welfare. To reconstruct the IFO data management system, the IFO joined two research
projects of the JST beginning in 1997 and NEDO beginning in 1998 established by the
Science and Technology Agency and the Ministry of International Trade and Industry,
respectively. These three projects contributed to facilitating computerization as well as
improving the financial standing of IFO.

In 1998, the IFO constructed and established a computer networking system using a
client-server to increase the efficiency of data management using Internet, E-mail and
common files on servers. The Home Page of the IFO was set up on the web site (http://
wwwsoc.nacsis.ac.jp/ifo/index.html). The database of biological research resources
materials in the IFO is under constructing now on the Internet server.

In the past two years, the IFO organized the following meeting: The Autumn
symposium of the Japan Tissue Culture Association on November 27, 1997.

Mr. Tadayoshi Ito was awarded a Prominent Study Award for Inhibition of sardine
flesh lipoxygenase by a new antioxidant from Aspergillus terreus in 1997 by the Japanese
Oil Chemistry Society.

The financial situation of IFO has deteriorated since 1991, but as a consequence of
reorganizing the management of IFO, the economic situation was improved in 1995,
Since 1995, the IFO has continuously shown a surplus and will also expect to show some
surplus in 1998.
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Personnel Affairs

At the 107th meeting of the Board of Trustees in June 1995, Dr. Masahiko Fujino of
Takeda Chemical Industries Ltd., was nominated as a member of the Board of Trustees,
while Dr. Ryoji Takenaka of Japanese Health Science Foundation and Dr. Takashi
Nakase of RIKEN were nominated as councilors from June 1998.

In December 1997, Mr. Masayoshi Moriwaki, treasurer of the institute, retired; and
Mr. Ryuji Takamaru, who then joined the IFO as treasurer, retired on January 1, 1999.
The IFO is grateful to these persons for their dedication while working in the institute.

The new treasurer of the institute, Dr. Itaru Suenaga, joined the IFO in December
1998 and was appointed treasurer on January 1, 1999.

Ms. Akiko Kuroda of the Japan Health Sciences Foundation worked in the IFO from
May 1996.

Mr. Kengo Tsuji, Ms. Yayoi Yamaguchi and Ms. Yukie Yamashita worked in the
IFO part time from the summer of 1998. IFO was helped by their skilled services.

Dr. S. A. Alias (University Malaysia) joined to a fungi group for research on marine
microbiology for two weeks.

International Meetings

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

Dr. Masao Takeuchi attended the first International Symposium on Preservation and
Application of Microbial Resources, held in the CCRC of Taiwan in May 1997 and
presented a paper on “Roles of animal cell banks in life sciences”.

Mr. Tomohiko Tamura attended the 10th International Symposium for Biology
Actinomycetes, held in China in May 1997 and presented a paper on ”A new genus of the
order Actinomycetes, Kineopoolyspora gen nov Roles”.

Dr. Akira Nakagiri, attended the ”Asian-Pacific Mycological Conference on Bio-
chemistry and Biotechnology ”, held in Thailand in June 1998, and presented a paper on
“Diversity of halophytophthoras in subtropical mangroves and factors affecting their
distribution”.

Dr. Mariko Takeuchi, attended the ”First International Symposium on Identification
of Microorganisms and their Secondary Metabolites”, held in KCCM of Korea in August
1998, and presented a paper on “Actinobacteria in Mangrove Rhizospheres: Isolation,
Identification and Classification”.

Dr. Izumi Okane attended the Regional Workshop on Endophytic Microbes in
Indonesia in November 1998, and they presented papers on ”Assemblages of endophytic
fungi in leaves of ericaceous plants and their successional change”.
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Collection and Publications

The total number of cultures stored in the IFO culture collection reached 15,784 at the
end of 1997 and 15,943 at the end of 1998. The newly accepted strains during each year
are listed in the present issue of the IFO Research Communications. The total number
of cultures distributed from the IFO culture collection were 8,500 in 1997 and 9,032 in
1998. Of these, 300 and 452 strains were distributed abroad in 1997 and 1998, respective-
ly.

IFO Research Communications No. 18 was published in March 1997, and the IFO
List of Cultures, 5th edition, Animal Cell Lines, was published in March 1998. The
catalogue involves about 200 animal cell lines. Manuscript for the catalogues was prepared
and edited from the database stored in animal cell section of the TFO culture collection
and processed by Drs. Touho Yoshida and Motonobu Satoh. Furthermore, the same full
documents in the catalogue of animal cell lines are shown on the web site for animal cells
in IFO Home Page (http://wwwsoc.nacsis.ac.jp/ifo/index.html)-

Finances
Since the establishment of the IFO culture collection, Takeda Chemical Industries,

Ltd. has promoted IFO activities by providing over 54 years of continuous financial
support. The financial standing of the IFO in previous years (1991 to 1995) was

Table 1. CLOSING ACCOUNTS OF IFO
(100 thousand yen)

YEAR 1995 1996 1997 (%)
INCOME Donations 1,950 1,750 1,750 56
Interest & Dividends 550 570 598 19
Grants & Contracts 170 100 100 3
Cultures 537 550 482 16
Other Services 234 197 175 6
TOTAL 3,441 3,237 3,110 100
EXPENSES Personnel Expenses 2,439 2,110 1,820 72
Supplies 316 214 352 14
Facility Maintenance Expenses 398 375 278 11
Other 267 101 88 3
TOTAL 3,420 2,800 2,538 100
BALANCE 21 437 572
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summarized in the previous director’s report published in 1997. The financial standing
of the IFO in the recent two years is summarized in Table 1, which shows the annual
income and expenses of the IFO for each fiscal year for 1996 and 1997.

Takeda Chemical Industries Ltd. has continued to provide support for 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 distribution fees for cultures. “Other services” includes income from commission of
patent deposits or safety deposits. “Grants and Contracts” refers to a contract with the
Japan Health Sciences Foundation for management of the HSRRB bank. >Supplies”
refers to expenses for purchase of expendable supplies and equipment. “Facility Mainte-
nance Expenses” is composed of expenses related to renting the facilities used by the IFO.

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

IFO’s expenses continued to increase by ¥10—15 million annually from 1991 to
1994. Increasing personnel expenses were the major contributory factor. A deficit
occurred in 1992, reaching ¥43.8 million in 1994, as shown the previous director’s report.
The main decrease in expenses was obtained by reducing personnel expenses, because the
number of employees was decreased to 60% of that in 1994. In fiscal year 1995, the budget
showed a ¥2.1 million surplus as a result of increased income and decreased expenses, and
followed to ¥44 million and ¥57 million in 1996 and 1997, 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, public service, non-profit 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 IFO’s activities we hope that the donor and board members will
show invariable and continuous support in the future. At the same time, we should
notice that we are evaluating 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 persons gave lectures or seminars. The titles of their speeches are shown. These
informative speeches created a great impression on us.

Dr.J-D. Lee, Pusan Univ., Korea, on 7 February 1997.

Dr. K. Kersters, Director, BCCM, University Ghent, Belgium, on 7 April 1997.

Dr. M. Guangzhen, Director, Institute of Microbiology, Chinese Academy of
Sciences, China, on 13 August 1997. “Biotechnology in China”

Dr. J-F. Bernardet, Centre de echerches INRA, France, on October 1997.
”Epidemiology of the salmonid fish pathogen Flavobacterium psychrophilum:
outcome of molecular investigations”

Dr. S.Vikineswary, Univ. Malaya, Malaysia, on 12 November 1997.
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Dr. Y-H. Park, Director, KCTC, Korea, on 13 November 1997

Dr. P. Pitakpaivan, Dept. of Agriculture, Thailand, on 25 November 1997.

Dr. R. A. Grzybowski, Director, Inst. Agricultural food biotechnology, Poland,
on 26 November 1997.

Dr. Y-K. Sin, KCTC, Korea, on 4 December 1997.

Dr. M. Tanticharoen, Deputy Director, NCGEB, Thailand, on 10 December
1997.

Dr. Z. Peijin, Chinese Academy Sciences, China, on 19 December 1997.

Dr. J. Swings, Univ. Ghent., Belgium, on 27 April 1998.

Dr. C-Y. Chen, Culture Collection & Research Center, Taiwan, on 31 July 1998.
”Quality control of animal cell lines at CCRC”

Dr. M. C. Aime, Virginia Polytechnic and State Univ. USA, on 6 August 1998.
”Generic concepts in the Crepidotaceae (Imai)”

Dr. L-M.Branchini, University of Campinas, UNICAMP. Brazil, on 3 September
1998.

Dr. S. A. Alias, Univ. Malaysia, Malaysia, on 15 September 1998. "Biodiversity
of tropical marine mangrove fungi in Malaysia”

Dr. J. Kaiser, Max-Plank Institute, Germany, on 21 September 1998. Sulfur
isotopic exchange of thiosulfate”

Dr. N. T. Thanh, Center for Mycological Research, National University of
Hanoi, Vietnum, on 24 September 1998.

Professor emeritus Dr. Saburo Fukui, board member of the institute, passed away on
January 11, 1998. He made great contributions to the development of the Institute for
Fermentation, Osaka. Our heartfelt condolence is extended to the bereaved.
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Establishment and characterization of a
murine astroglial cell line

Motonobu SATOH, Nobuaki YANAI*, Touho YOSHIDA
and Masao TAKEUCHI

Summary

A murine cell line, designated as KT-5, was established from a brain tumor
induced by the interplacental injection of N-nitrosomethyl urea. KT-5 cells grew
in vitro with a doubling time of 17 h. The karyotype of KT-5 cells was pseudotri-
ploid with a modal chromosome number of 61. KT-5 was tumorigenic when
transplanted ether intraperitoneally or subcutaneously into C3H/He mouse. Im-
munocytochemical analysis demonstrated that KT-5 was immunopositive for glial
fibrillary acidic protein (GFAP) and S-100 protein but not for Thy-1, myelin basic
protein, or neurofilament, suggesting that KT-5 cell derives from a murine
astrocyte. Conditioned medium of KT-5 contained neurite-promoting activity for
neurons and growth-promoting activity for KT-5 cells themselves.

Keywords: astrocyte, mouse, cell line

Three classes of glial cells, astrocytes, oligodendrocytes and microglia, are known in
the vertebrate central nervous system (CNS). Each class is characterized and distin-
guished from others by cell morphology and several immunohistochemical markers (4).
Among them, astrocytes are known to play roles in supplying glucose to neurons (11), in
controlling the levels of neurotransmitters and ions in the brain environment through
neuronal-glial signaling (1), and in forming a blood-brain barrier in cooperation with
endothelial cells (8). In addition, astrocytes produce a variety of growth factors and
cytokines including of neurite-promoting factor (15), glial growth factor (5), and neuro-
blast growth inhibitory factor (16), and they are thus suggested to regulate the prolifera-
tion and differentiation of cells in CNS (13).

Until recently, glial cells were more difficult to cultivate than cells originating from
other organs, and therefore few immortalized glial cell lines have been reported. It is
known that the interplacental administration of carcinogens such as N-nitrosomethyl urea

*Institute for Development, Aging and Cancer, Tohoku University
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induces brain tumors in fetuses. A widely used glial cell line, Cg, was established from
brain tumors induced by this method (2). Here we will report the establishment and
characterization of a murine astroglial cell line from a N-nitrosomethyl urea-induced
brain tumor.

Materials and Methods

Media and Reagents Ham’s F12 medium, Dulbecco’s modified Eagle’s medium
(DMEM), and Eagle’s minimal essential medium (MEM) were purchased from Nissui
Seiyaku; HEPES, Giemsa’s solution, and kanamycin sulfate from Wako Junyaku; nerve
growth factor and fibroblast growth factor from Takara Shuzo; dispase I from Sanko
Junyaku, and fetal bovine serum (FBS) from M. A. Bioproducts. Antibodies used were
as follows: rabbit anti-cow glial fibrillary acidic protein (anti-GFAP; Z334, Dakopatts),
mouse monoclonal anti-GFAP (RPN1106, Amersham), rabbit anti-human brain myelin
basic protein (A623, Dakopatts), rabbit anti-S100 protein (AB-1250, Didets), mouse
monoclonal anti-Thy-1.2 (Becton Dickinson), mouse monoclonal anti-160 kD neurofila-
ment polypeptide (RPN1104, Amersham), fluorescein-conjugated goat anti-rabbit IgG
(S955, Miles), fluorescein-conjugated rabbit anti-mouse IgG (Cosmo Bio). All other
reagents were purchased from Sigma.

Cell Cultures A murine brain tumor induced by N-nitrosomethyl urea was trans-
plantable in vivo when injected intraperitoneally into C3H/He mice. The tumor in the
8th passage in vivo was obtained from Department of Neurosurgery, Kyorin University.
The tumor was excised from the host mouse under sterile conditions, and cut into 1 mm?®
pieces. The pieces were treated with 0.2% trypsin in phosphate-buffered saline (PBS) for
30 min at 37 °C, then suspended in Ham’s F12 medium supplemented with 10% FBS and
50 ug/ml kanamycin. The resultant cell suspension was seeded onto plastic culture
dishes (Primaria # 3802, Falcon) and cultured in humidified air/5% CO, at 37 °C. At
subcultivation, the cells were harvested by treatment with 500 units/ml dispase I and
resuspended in a culture medium consisting of Ham’s F12, 10% FBS, and 4 mM HEPES
(pH 7.3). After several passages, seven clones were isolated by cloning. Two mor-
phologically different types of clones were observed. One was fibroblastic, and was later
revealed to be fibroblasts, possibly derived from menings. The other had epithelial to
crescent-shaped morphology with several processes. One of the latter type of clones,
designated KT-5, was investigated. In this study, KT-5 cells were cultivated using Ham’s
F12 as a basal medium. This cell line was also cultivable in such media as MEM,
DMEM, Iscov’s modification of MEM, HBI0!l medium (Irvine Scientific), and GIT
medium (Wako).

Plating efficiency KT-5 cells were seeded onto 35-mm culture dishes at 100 - 680
cells/dish and cultivated for 4 weeks. Afier Giemsa staining, the number of colonies was
counted. The plating efficiency was calculated from the formula: (number of colonies/
number of cells seeded) x 100 (%).

Karyotyping Cells were treated with 0.1 4g/ml colcemid for 2 h, harvested, treated
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with 75 mM KCl, fixed with Carnoi’s fixative, and spread over a slide glass. Chromo-
some specimens were stained with Giemsa’s solution.

Tumorigenicity analysis KT-5 cells were intraperitoneally or subcutaneously inject-
ed into 5-week-old female C3H/Hej mice at 102-10° cells/animal. After 4 weeks, the
mice were examined for tumor formation.

Isoenzyme analysis The electrophoretic migration patterns of isoenzymes were
determined using an isoenzyme profiling kit (Authentikit, Corning).

Immunohistochemistory Cells were fixed with acetic acid : acetone=1 : 9 mixture
at —20 °C, treated serially with acetone and ethanol each for 5 min at —20 °C, and finally
with PBS at room temperature. Fixed cells were incubated in primary antibody solution
(I 22-1:200 dilution in PBS), then in fluorescein-conjugated secondary antibody solu-
tion (1 . 200 dilution in PBS) each for 1 h at room temperature. The fluorescein-labeled
specimens were observed under a fluorescent microscope (Olympus BH2).

FACS analysis Cell suspension (2 x 10° cells/ml) was mixed with fluorescein-
conjugated anti-Thy-1 monoclonal antibody (1 : 100 dilution), incubated for 30 min at
4 °C, washed with PBS containing 0.1% sodium azide, and applied to FACS IV (Becton
Dickinson) for analysis of Thy-1 expression.

Preparation of conditioned Media Confluent cultures of KT-5 were washed three
times with PBS and once with MEM, and further cultivated in serum-free MEM (200-300
ml/850-cm? roler bottle) for 3 days. The conditioned culture medium was centrifuged at
2,500 x g, 4 °C for 20 min, and the supernatant was filtered through 0.45-ym pore and then
0.22-ym pore Millipore filters. The resultant medium (fraction 1) was further separated
by ultrafiltration through Amicon YM10 membrane into a 50 x concentrated fraction with
molecular weight > 10 kDa (fraction 2) and a pass-through fraction (fraction 3).

Primary culture of chick forebrain neurons The forebrains of 8-day chick embryos
were excised and treated with 0.25% trypsin and 80 xg/ml DNase in PBS for 20-25 min
at 37 °C. After terminating the trypsin reaction by addition of FBS, the solution was
pipetted off and allowed to stand for 1 min in a centrifugation tube. Large fragments at
the bottom of tube were discarded, and the dissociated cells suspended in the supernatant
were collected by brief centrifugation. The cells were resuspended in MEM containing
10% FBS and cultivated in a plastic culture flask. After 2 h, most non-neuronal cells
attached to the culture flask, while neurons did not. The non-adherent cells, mostly
neurons, were collected by centrifugation, resuspended in MEM supplemented with 2.5%
FBS, filtrered through sterile lens paper, and seeded onto poly-L-ornithine-coated plastic
dishes at a density to 1-2 x 10* cells/cm?.  On the next day, cultures were fed with fresh
medium and the fractionated KT-5 conditioned medium was added. The neurons were
further cultivated for 2-5 days with daily medium change, and the length of neurites was
measured on the photographs of cultures.

Results and Discussion

Characteristics of KT-5 in culture
Figure 1 shows the growth curve of KT-5 cells. The mean doubling time of this cell
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line was about 17 h. The saturation density was 2.1 x 10* cells/cm? The plating
efficiency was 3.5%. This cell line displayed serum-dependent growth with linear
increase of cell numbers in response to serum concentration up to 20% (Fig. 2). The
morphology of KT-5 cells was epithelial to crescent-like (Fig. 3). Cell processes were
often seen at the edges of cells. Some cells extended long processes of 10-20 g m in length.

Karyotype of KT-5

The chromosome distribution of KT-5 is shown in Fig. 4a. The range of chromo-
some numbers was wide, from 48 to 104. Most cells had 58-71 chromosomes, indicating
KT-5 is pseudotriploid. The majority of chromosomes displayed telocentric type, but

>

number of cells
N w E =S [4,] [«;] -~

=3

52 54 56 58 60 62 64 66 68 70
number of chromosomes

o

Fig. 4. Chromosome analysis. (A).
Histogram of number of chro-
mosomes for 50 cells. (B). A
Giemsa-stained specimen
of chromosome. Arrow, meta-
centric chromosome.
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Table 1. Tumorigenicity of KT-5 cells

Exp. No. Injected specimens Route No. ofmice No. of tumor-

Source Quantity/mouse injected  bearing mice (%)
I KT-5 5x 10° cells ip 5 4 (80)
Fragment 8 mm’ ip 5 5(100)
I KT-5 10° cells 5.C 6 6 (100)
KT-5 10* cells s.C 6 1 (17)
KT-5 10% cells s.C 5 1 (20)
KT-5 102 cells s.C 5 0 (0)

Mice were injected intraperitoneally (i.p.) of subcutaneously (s.c.) with cultured KT-5 cells, or
tumor fragments stored frozen. After 5 weeks the mice were examined for tumor development.

some cells contained metacentric-submetacentric chromosomes (Fig 4b).

Tumorigenicity of KT-5

Table 1 shows the tumorigenicity analysis of KT-5 cells. The tumorigenicity was
80% when 6 x 10° cells were intraperitoneally injected to C3H mouse, and 100% in the case
of subcutaneous transplantation of 10° cells. When an 8 mm? piece of original tumor was
intraperitoneally transplanted, all mice developed tumors. These results show that KT-5
is tumorigenic and confirm that its origin is C3H mouse.

Authentication of cell type

Isoenzyme analysis (6) confirmed that KT-5 is a mouse-derived cell line. Tests for
mycoplasmas, bacteria, and fungi (6) were negative. The cell types constituting CNS can
be distinguished by several brain-specific antigens. For instance, astrocytes contain an
intermediate filament protein, GFAP, and S-100 protein (7). Neurons have another
intermediate filament called neurofilament (14). Oligodendrocytes are characterized by a
cell-surface antigen, myelin basic protein (4). Thy-1 is a marker of fibroblasts (12) that
exist in meninges of the brain. To identify the type of KT-5 cells, they were immuno-
stained for these antigens. KT-5 was immunopositive for GFAP and S-100 protein (Fig.
5), while other markers were negative. GFAP was also detected as a 45-kDa band in
Western blotting analysis (not shown). These results demonstrate that KT-5 derives from
murine astrocyte.

Biological activity of KT-5 conditioned medium

Astrocytes are a primary component of brain mesenchyme and play a role in the
differentiation, growth, and survival of neurons (9). These functions are thought to be
mediated in part by soluble factors (9). To date many growth factors and cytokines have
been reported that are produced from astrocytes (13). As a preliminary study, we tested
the biological activities of KT-5-conditioned medium (fraction 1-3) on the neurite-
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Fig. 5. Immunofluorescence micrographs of  Fig. 6. Effect of fraction 2 on the proliferation

KT-5 cells. Indirect immunofluores- of KT-5 cells. Cells were seeded onto
cence for GFAP (A) and S-100 pro- 35-mm plastic dish at 2 x 105 cells/
tein (B). dish and cultivated in Ham’s F12 sup-

plemented with 0.5% FBS (@), 5%
fraction 2 plus 0.5% FBS (O), or 10%
FBS (H). Cell number was determined
every second day.

outgrowth of chick forebrain neurons. The neurite length measured at day 4 in vitro is
shown in Table 2. Neurite-promoting activity was found in a concentrate fraction with
molecular weight> 10 kDa (fraction 2) but not in the pass-through fraction (fraction 3).
Astrocytes are known to produce growth factors that affect their own growth (5, 10). To
examine whether KT-5 produces such an autocrine factor, fraction 2 was added to KT-5
cultures (Fig. 6). The proliferation of KT-5 cells was promoted by fraction 2. In
addition, KT-5-conditioned medium promotes the proliferation of glial cells prepared
from embryonic chick brain (not shown). These findings suggest KT-5 produces
biologically active factors that affect the differentiation and growth of neural cells.

In conclusion, we have described a murine cell line from N -nitrosomethyl urea-
induced brain tumor. This cell line possesses astrocytic markers together with biological
activities similar to those of astrocytes. Therefore, KT-5 will be a useful tool to examine
astrocyte functions. KT-5 is deposited at the Institute for Fermentation, Osaka.
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Table 2.  Effect of KT-5-conditioned medium on neurite
outgrowth of chick forebrain neurons

Fraction No.of  Total length Mean
cells of
examined neurites (cm) (cm/cell)

Fr. 1 19 35.0 1.8

25 53.0 2.1

Fr.2 21 69.5 3.3

45 148.6 3.3

Fr.3 11 11.2 1.0

11 15.5 1.4

none 24 34.0 1.4

42 65.2 1.5

Number of cells and total length of neurites were measured
from photograhs (x 400) of chick forebrain neuronal cultures.
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A group | intron in the nuclear 18S rRNA gene
of the yeast-like fungus, Arxula terrestris

Kumiko UepaA and Kozaburo MIKATA

Summary

Group I intron was detected in the 18S rRNA gene (18S tDNA) of a yeast-like
fungus, Arxula terrestris. It was identified as an insertion of 352 nucleotides
(AT1199) at position 1199 of the 18S rDNA. The predicted secondary structure of
AT1199 has a simple P5 stem and a large P9 region; therefore, it dose not resemble
those of any subgroups listed by Michel and Westhof in 1990 (J. Mol. Biol. 216:
585-610). The results of BLAST search showed that AT1199 was similar to only
three group 1 introns, found in 18S rDNA of Cryphonectria parasitica,
Cryphonectria parasitica, and Nadosoniella nigera.

Keywords: Arxula terrestris, 18S TRNA gene, group I intron.

Group I introns are characterized by conserved internal sequence elements and a
potential RNA secondary structure (2, 16). They have been found in the nuclei of
eukaryotes (3, 21), mitochondria (14), chloroplasts (8, 18), eukaryotic viruses (24),
cyanobacteria (13, 23), eubacteria (17), and bacteriophages (20). In the nuclear genome
of the yeast-like fungus, Arxula adeninivorans, group 1 introns have been reported in 258
ribosomal DNA (rDNA) sequences (19).

In the present paper, we describe the cloning of the 18S rDNA from Arxula terrestris
and its characterization, including identification of a group I intron. The structure and
properties of this intron resemble those found in Cryphonectria parasitica and
Cryphonectria radicalis.

Materials and methods

Strains. A. terrestris IFO 10828 and IFO 10859, and A. adeninivorans 1FO 10857
and IFO 10858 were used as sources for the amplified 18S rDNA.

DNA and RNA preparation. The isolation procedures of DNA and RNA were as
described by Holm et al.(12) and Yamada and Kawasaki (25).

Reverse transcriptase reaction and PCR. The reverse transcriptase reaction mixture
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(20 g1) consisted of 1-5 xg RNA, 10 pmol primer 18-R (5-GATCCTTCCGCAGGTT-
CACC-3%), 50 mM Tris-HCI (pH 8.3), 75 mM KCI, 3 mM MgCl,, 10 mM DTT, 0.5 mM
dNTP (each) and reverse transcriptase. Samples were incubated at 37 °C for 1 h to
produce the cDNA and at 90 °C for 10 min to denature enzyme. PCR was performed for
30 cycles of denaturation at 94 °C for 0.5 min, annealing at 55 °C for 0.5 min, and extension
at 72 °C for 2.5 min with TaKaRa Tag™ DNA polymerase (Takara Shuzo Co. Ltd.) using
the primer pair 18-F (5-ATCTGGTTGATCCTGCCAGT-3’) and 18-R.

Direct cycle sequencing. DNA sequences were determined using a Thermo
Sequenase™ fluorescent-labeled cycle sequencing kit with 7-deaza-dGTP (Amersham
Pharmacia Biotech) following the supplier’s protocol. Diluted PCR products were used
as a template for sequencing, and 5 FITC-labeled primers were 400F (5°-
TCCGGAGAGGGAGCCTGAGAAACG-3), 550F (5-GCAGCCGCGGTAATTC-
CAGC-3), 950F (5-TCAAGAACGAAAGTTAGGGG-3’), 1200F (5-AAAG-
GAATTGACGGAAGGGC-3’), 1300F (5-TTGGTGGAGTGATTTGTCTG-3’),
1500F (5-GATGCCCTTAGACGTTCTGG-3), and 18-F for the sense strand, and
400R (5-TTCTCAGGCTCCCTCTCCGG-3%), 550R (¥-GAATTACCGCGGCTGCT-
GGC-37), 950R (5’-TCCCCTAACTTTCGTTCTTG-3"), 1200R (5-
GGTGCCCTTCCGTCAATTCC-3’), 1300R (5~ AGACAAATCACTCCACCAAC-
3’), 1500R (5-CCAGAACGTCTAAGGGCATCACAG-3’), and 18-R for the reverse
strand.

Alignment, secondary structure modeling, and similarity searches. Intron secondary
structure was drawn following the model of Cech et al. (4). GENETYX-MAC var. 8
(Software Development Co. Ltd. Japan) was used to help predict stem structures in the less
conserved portions of the model. A BLAST search (1) was conducted using DDBJ,
GenBank, and EMBL databases.

Results

Detection of group I intron within 185 rDNA.

The 18S rDNAs from PCR product of A. terrestris IFO 10828 and IFO 10859 were
longer than the 1800 nucleotides predicted from A. adeninivorans 1FO 10857 and IFO
10858 (Fig. 1). On the other hand, the cDNAs from 18S rRNA of A. terrestris strains
were equal to 18S rDNAs from A. adeninivorans. These findings indicate the existence
of an intron within the 18S rDNA of A. terrestris, which would be removed during
maturation of rRNA transcripts.

Sequencing of group I intron in 185 rDNA.

Sequences of 18S tDNA from A. ferrestris IFO 10828 and IFO 10859 were determined
and found to be identical. They are deposited in DDBJ with accession number
ABO000663. On sequencing of the cDNA from the 18S rRNA of A. terrestris and
comparison their sequences, an insertion of 352 nucleotides was identified at position 1199
(numbering according to Gargas et al. (9)) of the 18S rDNA. The intron (AT1199) was
identified as belonging to group I based upon the conserved splice-site nucleotides, U at
the 3’ end of the 5 exon and G at the 3’ end of the intron (Fig. 2).
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M12 3456 M kbp

Fig. 1. Detection of splicing group I intron. PCR products from 18S
rDNA of Arxula terrestris IFO 10828 (lane 1) and IFO 10859
(lane 2), cDNA from 18S rRNA of A. ferrestris IFO 10828
(lane 3) and IFO 10859 (lane 4), and PCR products from 18S
rDNA of Arxula adeninivorans IFO 10857 (lane 5) and IFO
10858 (lane 6). Lane M, A-HindIIl molecular size markers.

Table . Comparison of conserved elements of Group I introns from A. terrestris (ATI1199),
Cryphonectria parasitica (A), Cryphonectria radicalis (B), and Nadsoniella nigera (C),
which were found by BLAST search, and Cladonia merochlorophaea (D).

Intron Position  Size P Q R S

AT1199 1199 352 GGUACAGGGAAC GAUC-CUGUGG UCGCAACGCACGCU AAGGUACGUGCU
A, B 1199 547 GGUACAGGGGAC AAUC-CUGUGG UCGCAACGCGCGCU AAGGUACGUGCU
C 1210 428 GGUACAGGAGAC GAUC-CUGUGG UCGCAACGCGCGCA AAGGUACGUGCU

D 1199 228 GGUACAGAGGAT GAUU-CUGUGG UCUCAACGCAUGCA CAGGUACAUGCU

Nucleotides involved in the P4 and P7 pairing are underlined. Nucleotides differing from
those of AT1199 are shaded. Position and size indicate the location of the intron in 18S
rDNA and its base number, respectively.

Predicted secondary structure of group I intron.

The P, Q, R, and S conserved regions are shown with related sequences found by
BLAST search in Table 1. The entire group I intron sequences of Cryphonectria
parasitica (5) and Cryphonectria radicalis (6) were completely identical. The Q and S
regions of AT1199 are identical to those of the black yeast Nadosoniella nigera group I
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intron at position 1210 of 185 rDNA (11), and the remaining parts of the intron are not
similar.

The catalytic core sequences corresponding to P, Q, R, and S interact to form stems
P4 and P7, which are parts of the conserved secondary structure core (3). The internal
guide sequence (IGS) located just downstream of the 5 splice site and the upstream part
of the 5° splice site interact to form stem Pl. Using these sequences and structures as
guides, the remaining parts of the sequence could be folded to fit the secondary structure
model of Cech et al. (4) for group I introns. The complex P9 was predicted by use of the
RNA secondary-structure prediction program in GENETYX software. The predicted
secondary structure (Fig. 2) has a simple PS5 stem and large P9 complex. BLAST search
showed that the sequences of P, Q, R, and S (Table 1) were not similar to those of any
subgroups listed by Michel and Westhof (15).

Discussion

PCR products of multi-copy 18S rDNA were detected as single band on agarose gel
electrophoresis (Fig. 1), and the 18S rDNA sequence determined by the direct method was
unique. These findings suggest that the group I intron AT1199 is distributed in all of the
18S rDNAs in the genome of A. ferrestris strain. In general, within a genus or species,
introns in the same location tend to be more similar than introns in different locations
(10). It was reported that splicing of the Tetrahymena rRNA group I intron was fully
reversible in vitro (22). 18S rDNAs of 4. adeninivorans and related species lack a group
I intron at position 1199 (data not shown). Therefore, the prototype of AT1199 might
have been inserted into an intron-lacking rDNA of A. terrestris after the species develop-
ment, and AT1199 might have been distributed across all multi-copy 18S rDNAs by
reversal transcription or homologous recombination.

Seventeen insertion positions have been reported for fungi 18S rDNA, and group I
introns were found at 14 of the positions (9). At position 1199, two strains having
insertions and three strains having a group I intron, Cladonia chlorophaea (9),
Cryphonectria parasitica (5) and Cryphonectria radicalis (6), have been reported. Of the
various types of group I intron, AT1199 resembled that of C. parasticta and C. radicalis
at position 1199 of 18S rDNA, and that of Nadosoniella nigera (11) at position 1210 of
18S rDNA found by BLAST search (Table 1). Thus, the distribution of AT1199 type
intron is more limited than that of the frequently reported subgroup ICl (7). This
suggests that the mobility of AT1199-type introns followed by horizontal transfer and
stability might be lower than that of subgroup ICl introns. As more organisms are
sequenced, more insertions similar to AT1199 will probably be found in rDNA and other
genes.
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Geographical and Seasonal Distribution of
Arenicolous Marine Fungi along the Pacific
Coast of the Bousou Peninsula

Akira NAKAGIRI, Izumi OKANE and Tadayoshi ITo

Summary

Sea foam on sandy beaches was examined for trapped spores of arenicolous
marine fungi at seven sites along the Pacific coast of the Bousou Peninsula (central
Japan) in four seasons, and 26 species in 12 genera of arenicolous marine fungi were
recorded. Their occurrence according to locality and season were investigated,
and three geographical patterns were recognized: species occurring over the whole
region, species occurring mainly at southern sites, and species occurring mainly at
northern sites. Some of the species showing the latter two patterns changed their
distribution according to the season. Geographical and seasonal distribution of
the fungi was influenced by seawater temperature, which in turn is influenced by the
distribution of the coastal waters derived from the warm and cold Pacific Ocean
currents.

Keywords: arenicolous marine fungi, biogeography, distribution.

The Bousou Peninsula (Chiba Pref., central Honshu Island, Japan) faces the Pacific
Ocean where the Kuroshio (the Japan Current, a warm current) meets the Oyashio (the
Kurile Current, a cold current). The two ocean currents affect the climate of the Pacific
coast of the peninsula (the Sotobou coast). It is well known that the marine flora and
fauna, that is, biodiversities of seaweed, fish, invertebrates, etc. are determined by the
effects of the currents, and that the warm and cold sea marine organisms that inhabit the
Sotobou coast are adapted to its unique coastal environments (8, 14). However, no study
has been done on the flora of marine fungi along the coast.

Geographical distributions of marine fungi have been studied mainly by plotting the
records of fungi on a global map divided into climate zones, including tropical, subtropi-
cal, temperate, arctic, and antarctic (1, 2, 6). According to the distribution pattern,
species of marine fungi are recognized as cosmopolitan, tropical to subtropical, temperate,
etc., though accumulation of more data is still necessary for a precise understanding of the
fungal distribution. In Japan, Nakagiri (10) and Tokura (13) reported the occurrence of
arenicolous marine fungi from Japanese coasts and recognized three types of distribution:
wide distribution throughout Japan, distribution mainly in northern Japan, and distribu-
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Fig. 1. Seven collection sites of sea foam along the Sotobou coast.

tion mainly in southern Japan. Although the seasonal distribution of marine fungi has
been studied (4), no studies have focused on the relationship between fungal distribution
and ocean currents, or on the seasonal change of fungal distribution along coasts where
water temperature changes according to season and the influence of the currents.

The Sotobou coast is characterized by the fact that seasonal changes in the tempera-
ture of the seawater depend mainly on the influences of two ocean currents. Thus, we
have investigated fungal occurrence on the Sotobou coast over the course of the year by
examining sea foam samples. It is well known that spores of arenicolous marine fungi are
trapped and accumulated in sea foam on sandy beaches, and that sea foam is a useful
source of information on the mycoflora of the beach (3, 5, 7, 10). The purpose of this
study is to estimate the geographical distribution of marine fungi along a stretch of ca.
150-km of the Sotobou coast and to examine how their distribution is influenced by the
seasons and the ocean currents.

Material and Methods

Sea foam samples were collected from seven sites along the Pacific coast of the Bousou
Peninsula (the Sotobou coast) (Fig. 1) in four months: March, September, December 1995,
and June 1996. Because the temperature of seawater is lowest in February-March and
highest in August-September, these months can be considered to correspond to winter
(March), spring (June), summer (September), and autumn (December). The seven sites
are, from north to south of the Sotobou coast, Cape Inubou, Kujukuri, Cape Daitou,
Onjuku, Kamogawa, Awa-Shirahama, and Heisa-ura. Sea foam formed on sandy
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Table 1.  Occurrence of spores of marine fungi in sea foam from seven sites along the Sotobou
coast in March 1995.

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Arenariomyces parvulus + + + ++ +
A. trifurcatus -+ ++ +4 +t ++ +4 ++
Carbosphaerella leptosphaerioides + ++
Ceriosporopsis halima + + + + +
Corollospora angusta + +-+ + +++
C. colossa + +
C. fusca + + + + +
C. gracilis + ++ ++ ++
C. intermedia + ++ +
C. maritima ++ + “++ ++ ++ - ++
C. pseudopulchella + + ++
C. pulchella +
C. guinqueseptata +++ ++4
Halosphaeria salina +
Halosphaeriopsis mediosetigera +
Lulworthia crassa + +
Lulworthia sp. +
Marinospora calyptrata +
Ondiniella torquata + +
Torpedospora radiata + + +
Trailia ascophylli +
Nia vibrissa + + + + +
Asteromyces cruciatus + +
Sigmoidea marina +

Species number 24 8 12 11 12 9 9 9

Data from sea foam samples collected on 13 March 1995. Relative abundance of spores is
indicated as -, ++ and +++.

beaches at these sites was collected with a ladle and transported to the laboratory in
bottles, which were cooled to prevent spore germination. The foam samples were
examined under a microscope to identify spores of marine fungi, and some of spores were
isolated and cultured to confirm their identification. The species identified from each site
and in each season were compared to clarify the geographical and seasonal distribution of
the arenicolous marine fungi of the Sotobou coast.

Results and Discussion

Occurrence of fungal spores in sea foam samples

The occurrence and abundance of marine fungi in foam samples collected from the
seven sites in four seasons are listed in Tables 1-4. Thirty-three species of marine fungi
including 12 genera and 26 species of arenicolous fungi were found in the foam samples.
Though the presence or absence of spores in foam samples does not indicate directly the
fungal distribution, these data probably give useful information on the relative activity of
the arenicolous marine fungi in their natural habitats.
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Table 2. Occurrence of spores of marine fungi in sea foam from seven sites along the Sotobou
coast in June 1996.

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou
Arenariomyces parvulus + + ++ + + +
A. trifurcatus + ++ ++ + 4+ +
Carbosphaerella leptosphaerioides + + + +
Ceriosporopsis halima + + +
Corollospora angusta + + + +
C. colossa + + +
C. fusca ++ + + +
C. gracilis +++ +++ +++ P +4 e
C. intermedia +
C. maritima ++ ++ ++ + +++ +++ ++
C. pseudopulchella + + +
C. pulchella + + +
C. quinqueseptata + 4 ++
Halosphaeria appendiculata +
Halosphaeriopsis mediosetigera + + +
Lindra obtusa + + A+
Lin. thalassiae + ++
Lulworthia crassa + + + +
Lul. lignoarenaria +
Lulworthia sp. + + + + et
Marinospora calyptrata +
Ondineilla torquata +
Torpedospora radiata +
Trailia ascophylli + 4+
Nia vibrissa + + + +
Asteromyces cruciatus + + + +4
Varicosporina ramulosa + +++ +++ +
Sigmoidia luteola + 4 + +
S. marina E + +
Species number 28 16 16 17 19 17 5 6

Data from sea foam samples collected on 18-19 June 1996, Relative abundance of spores is
indicated as +, -++ and +++.

The marine fungi show three patterns of occurrence: 1) species occurring at all the
seven sites throughout the year, 2) species occurring mainly at sites north of Onjuku, and
3) species occurring mainly at sites south of Onjuku. As an example, Table 5 summa-
rizes the three patterns of occurrence found in data of December 1995. The first pattern
was shown by Corollospora maritima Werdermann and Arenariomyces trifurcatus Hohnk
(Table 6a, b), whose ascospores occurred abundantly in the foam samples collected from
the seven sites in all seasons. Both species are known as globally cosmopolitan marine
fungi (1). The second pattern was shown by Lindra obtusa Nakagiri & Tubaki,
Ceriosporopsis halima Linder, and Nia vibrissa Moore & Meyers (Table 7a, b, ¢c). They
occurred mainly to the north of Onjuku, but in March and December, the low temperature
seasons, their distributions extended southward. This phenomenon suggests that they
prefer lower temperature. In contrast, C. quinqueseptata Nakagiri, Varicosporina
ramulosa Meyers & Kohlmeyer and C. gracilis Nakagiri & Tokura appeared mainly in the
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Table 3.  Occurrence of spores of marine fungi in sea foam from seven sites along the Sotobou
coast in September 1995.

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Arenariomyces parvulus + + ++ + rars ++
A. trifurcatus ++ ++ ++ + -+ +4-+
Carbosphaerella leptosphaerioides ++ -+ + + ra,
Ceriosporopsis halima + + + +—+
Corollospora angusta + + + +
C. colossa ++ 4 + +
C. fusca + + + +
C. gracilis +++ ++ ++ ++ + + ++
C. intermedia + + ++ + +
C. lacera + + + +
C. luteola +
C. maritima +++ + +++ ++ + i+ FwS
C. pseudopulchella + + ++ + + +
C. pulchella + +
C. quinqueseptata ++ +++ +++
Halosphaeria appendiculata + +
Halosphaeriopsis mediosetigera + + + + ++
Lindra obtusa + + +
Lin. thalassiae + + + +
Lulworthia crassa + + ++ 4+
Lul. lignoarenaria + + + =+
Lulworthia sp. +
Marinospora calyptorata + +
Torpedospora radiata + + e
Nia vibrissa ++ 4+ ey
Anguillospora marina +
Asteromyces cruciatus + + +
Clavatospora bulbosa + + +
Varicosporina prolifera ++ + +
V. ramulosa ++ + + + +
Sigmoidia marina +

Species number 31 19 14 17 17 12 14 22

Data from sea foam samples collected on 18-19 September 1995. Relative abundance of spores
is indicated as -+, -+ and +++.

southern regions, showing the third pattern of occurrence (Table 8a, b, ¢). In the low
temperature seasons, especially in March, their spores appeared only at southern sites.
However, their distributions extended northward in the higher temperature seasons. This
indicates their preference for higher temperature.

Occurrence of teleomorph and anamorph states of C. pulchella Kohlmeyer, I. Schmidt
& Nair and C. intermedia 1. Schmidt were also examined (Table 9). Though no clear
pattern of the occurrence was observed, their anamorphs, Clavatospora bulbosa (Ana-
stasiou) Nakagiri & Tubaki and V. prolifera Nakagiri, appeared frequently in the higher
temperate season, though the teleomorphs were prevalent in cooler seasons and at northern
sites. This accords with a phenomenon that anamorphs are prevalent in seasons and
regions of higher temperature, and teleomorphs are prevalent in seasons and regions of
lower temperature (11).
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Table 4.  Occurrence of spores of marine fungi in sea foam from seven sites along the Sotobou
coast in December 1995.

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Arenariomyces parvulus + + + ++ ++ +
A. trifurcatus ++ ++ ++ ++ +t +++ +
Carbosphaerella leptosphaerioides + ++ +
Ceriosporopsis halima ++ +
Corollospora angusta +++ -t ++ +++ +
C. colossa + + +
C. fusca + + + +
C. gracilis ++ + ++ ++ + ++ ++
C. intermedia + ++
C. lacera +
C. luteola + ++
C. maritima -+ -+ +++ ++ ++ +++ +++
C. pseudopulchella + +
C. pulchella +
C. quinqueseptata + ++
Halosphaeriopsis mediosetigera + +
Lindra obtusa + + +
Lulworthia crassa + +
Lulworthia sp. ++ + ++ +
Ondiniella torquata +
Torpedospora radiata +
Trailia ascophylli | +
Nia vibrissa + + ++
Asteromyces cruciatus +
Clavatospora bulbosa +
Varicosporina ramulosa + +
Sigmoidia luteola +
S. marina +

Species number 28 15 12 6 11 14 8 11

Data from sea foam samples collected on 10-12 December 1995. Relative abundance of spores is
indicated as +, ++ and +++.

Numbers of species found at the seven sites are summarized in Table 10. The total
number of species was highest in September and lowest in March. This is attributed
mainly to the fluctuating species number of deuteromycetes, which decrease in winter and
increase in summer (see right column of Table 10). The annual total number of species
was greatest at Onjuku, which indicates that the distribution areas of fungi preferring
higher temperature and those preferring lower temperature may overlap at Onjuku.
Similarity of the species profile between each site and Heisa-ura (the most southern site)
or Cape Inubou (the most northern site) was calculated (see the lower column of Table
10). Higher similarity values to Heisa-ura are seen at the southern sites, Onjuku,
Kamogawa and Awa-Shirahama, while the species profiles of the sites north of Onjuku
are more similar to that of Cape Inubou than that of Heisa-ura. This strengthens the
suggestion that there is a boundary between the distributions of particular species of
marine fungi around Onjuku. The seasonal change of occurrence in particular species
(see Tables 7 and 8) indicates that this boundary moves northward in summer and
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Table 5. Three occurrence patterns of marine fungi observed in data of December 1995.

Species Heisaura Shi[:x:ma 22;32_ Onjuku DCa ?f:u Kujukuri 11(1:1?5: "
1) Occurring at all sites
Arenariomyces trifurcatus ++ + + + + + + A+ ++4+  +++
Corollospora gracilis + -+ + ++ ++ + ++ ++
C. maritima +++ ++4+ +++ ++ ++ +++ A+ ++
2) Occurring mainly at north of Onjuku
Ceriosporopsis halima ++ +
Corollospora colossa + + +
C. pseudopulchella + +
3) Occurring mainly at south of Onjuku
Corollospora angusta +++ +++ ++ +++ +
C. intermedia + ++
C. quinqueseptata + 4+
C. luteola + + 4+

Table 6. Occurrence pattern of marine fungi appearing at all sites in all seasons.
a. Corollospora maritima

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou
Mar. + + + + + + +
Jun, + + + + + + +
Sep. + + + + + + +
Dec. + + + + + + +

b. Arenariomyces trifurcatus
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Mar| + + + + + + +
Jun, + + + + + + -
Sep.| + - + + + + +
Dec.| + + + + + + +

southword in winter.

Cultural properties and distribution of the marine fungi

Hyphal growth and reproduction of the fungi found show a close correlation to their
occurrence patterns.  Corollospora maritima, one of the fungi showing wide distribution
from Cape Inubou to Heisa-ura throughout the year, is known to show good hyphal
growth and ascomata formation over a wide range of temperature (10-35°C, optimum
30°C) (9). In contrast, L. obtusa, which appeared mainly in the region north of Onjuku,
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Table 7. Occurrence pattern of marine fungi appearing mainly north of Onjuku.

a. Lindra obtusa
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Mar. - - - - - -

Jun. — — — + + - +
Sep. - - - + - - +
Dec. - + - + - - +

b. Ceriosporopsis halima
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Mar. - + - + + + +
Jun. - - + + + - -
Sep. - - + - + + +
Dec. - - - — — — +

c. Nia vibrissa
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri  Cape Inubou

Mar. — + + + + + -
Jun. - — + + + - +
Sep. — — + - - + +
Dec. - + — + + — -

Table 8. Occurrence pattern of marine fungi appearing mainly south of Onjuku.

a. Corollospora quinqueseptata

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou
Mar. - + - + - - —
Jun. + + - + - - -
Sep. + + - + - - -
Dec. + + — — — - —

b. Varicosporina ramulosa
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Mar. -
Jun. +
+

+
Sep. +
Dec. -

+++ |
+++ |
|
|
+

c. Corollospora gracilis
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Mar. + + + + - - -
Jun. + + + + + + -
Sep. + + + + + + +
Dec. + + + + + + +

shows its optimum growth at 20°C and conidia are produced well at under 20°C. Hyphal
growth of this species is depressed at above 25°C (9). On the contrary, V. ramulosa,
which appeared mainly at the southern sites, shows a preference for higher temperature
(above 25°C, growth optimum at 35°C) in culture. Conidium production and sclerocarp
(degenerated ascoma) formation occur from 20°C to 40°C (9). Thus, the cultural prop-
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Table 9. Occurrence pattern of teleomorph-anamorh species.

a. Corollospora pulchella (T)- Clavatospora bulbosa (A)

Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou
Mar. T - - - - - -
Jun. - T T T - - -
Sep. T - A T A A -
Dec. - T - - A - -

b. Corollospora intermedia (T)- Varicosporina prolifera (A)
Heisa-ura Awa-Shirahama Kamogawa Onjuku Cape Daitou Kujukuri Cape Inubou

Mar. - T - T - - -
Jun. - T - - - - -
Sep. A A - T T - A
Dec. T T - - - - -

Table 10. Number of species of marine fungi appearing in sea foam collected at seven sites
on the Sotobou coast.

&
& > X
§& @g S T3
S IELOES
s &EFE LSS .
& v & O O & &/ Total | Asco. Deutero. Basidio.
Mar. 8 121112 9 9 9 24 21 2 1
Jun. 16 16 17 19 17 5 6 28 23 4 1
Sep. 19 14 17 17 12 14 22 31 24 6 1
Dec. 1512 6 11 14 8 11 28 22 5 1
Total species in four seasons 58 54 51 59 52 36 48
Total different species in year 23 22 21 23 25 19 24 33
Species similarity* to Heisa-ura - 76 73 78 63 57 72
Species similarity to Cape Inubou |72 70 71 72 86 78 -

*Species similarity (%)=no. of common species between A and B X 2/species no. of A +
species no. of B X 100

erties of the marine fungi accord with their appearance in the natural habitats,

Environmental factors and fungal appearance
Seawater temperature

Seawater temperature of the Sotobou coast is influenced by the climate and the ocean
currents. Figure 2 is a graph of the monthly average temperature of seawater at four
locations along the Sotobou coast [data from Shimizu (12)]. It shows that seawater
temperature at Choushi (close to Cape Inubou) is lower than at other southern locations,
especially in winter. The difference in temperature between Choushi and other places is
about 2°C in summer, but more than 4°C in winter. Thus, the seawater temperature
becomes similar in summer along the Sotobou coast, but in winter it differs greatly
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Fig. 2. Monthly average temperature of coastal seawater

Fig. 3.

at four locations, Choushi (close to Cape Inubou),
Kominato (close to Onjuku), Chikura (close to
Awa-Shirahama) and Tateyama (close to
Heisa-ura). [Data from Shimizu (12).]

Schematic illustration of the distribution of coastal waters
off the Bousou Peninsula (A, Kuroshio water; B, Mixed
water; C, Kujukuri coastal water; D, Sotobou-Kujukuri
mixed coastal water; E, Sotobou coastal water).
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between the north and the south. This may explain why the number of species found at
the northern sites is similar to that at the southern sites in summer, but less in other seasons
(Table 10).

Distribution of seawater area

Figure 3 schematically shows distribution of offshore coastal waters of the Bousou
Peninsula. The northern coast of the Sotobou is washed by Kujukuri coastal water,
which is derived from the Oyashio and has lower temperature and salinity. On the other
hand, the southern coast is washed by Sotobou coastal water, which is derived from
Kuroshio and has higher temperature and salinity. The coast around Onjuku is influen-
ced by Sotobou-Kujukuri mixed coastal water (12). These coastal waters influence on
the seawater temperature of the Sotobou coast and their distribution shifts northward in
summer and southward in winter according to the strength of the original ocean currents.
Thus, the distribution of the coastal waters influences the geographical and seasonal
distribution of marine fungi along the coast.

In conclusion, the above observations indicate that: 1) there are three patterns of
occurrence of marine fungi inhabiting the Sotobou coast, namely, the whole region, the
area north of Onjuku, and the area south of Onjuku; 2) certain marine fungi have their
distribution boundaries around Onjuku, where a boundary of the coastal waters is located;
3) the properties of hyphal growth and reproduction of the marine fungi accord well with
their occurrence pattern; 4) complex coastal environments due to the influence of the
different types of the coastal water produce a high diversity of marine fungi along the
Sotobou coast; and 5) these investigations on the geographical and seasonal change of
occurrence of marine fungi give useful information on the distribution of each species of
marine fungi inhabiting the coasts.

This study was supported by a grant from the Chiba Historical Materials Research
Foundation to A.N.
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My coflora of the rhizosphere of Salicornia
europaea L., a halophytic plant

Tadayoshi ITo, Izumi OKANE and Akira NAKAGIRI

Summary

To compare the mycoflora of its rhizosphere with that of mangrove, Salicornia
europaea L., a halophytic plant like mangrove, was collected from Hokkaido,
Japan. After washing the collected S. europaea roots and surrounding soil sam-
ples, their root- and soil-inhabiting fungi were isolated by washing and dilution
plate methods, respectively. Population density of the rhizosphere soil showed
7.8 x 10° average colony-forming units (cfu)/g of dry weight. Acremonium
strictum  W. Gams, Alternaria alternata (Fr.) Keissler, and Cladosporium
cladosporioides (Fres.) de Vries were dominant species on the rhizoplane of S.
europaea, and these species were considered to be the main components of the
rhizoplane mycoflora. The genera Acremonium Link, Cladosporium Link,
Penicillium Link, Phoma Sacc., and Trichoderma Pers., were predominantly iso-
lated from the washed root soils. Consequently, the mycoflora of the S. europaea
rhizoplane differed from that of its surrounding soil. The mycoflora of the S.
europaea rhizoplane also differed from that of mangrove, but the soil mycoflora of
its rhizosphere was almost the same as that of mangrove. Tolerance to sodium
chloride was tested for some isolates.

Keywords: Mycoflora, Salicornia europaea rhizosphere, halophytic plant, root-and
soil inhabiting fungi.

Terrestrial microorganisms in the rhizoplane of higher plants are known to grow by
using dead root tissue or secretions of root tissue, and to establish a micro-community in
the roots and surrounding soil (1, 14, 15). The mycoflora of rice fields is affected by
inundation with water (9, 14) and that of the mangrove rhizosphere by semi-anaerobic
conditions and a high content of heavy metals (7, 8). S. europaea plant are also adapted
to these conditions as a halophytic plant. To compare the mycoflora of S. europaea
rhizosphere with that of mangrove, S. europaea samples were collected and surveyed.
This is a preliminary study as we are studying for clarification of ecological and species
diversity of endophytic fungi.

S. europaea is a halophytic plant that is distributed in the temperate region of the
Northern Hemisphere. In Japan, it is found mainly in Hokkaido, growing in soils that
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are semi-aerobic, low in nutrient, and have higher salinity than terrestrial soils, like soils
of the mangrove habitat. The mycoflora of the S. europaea rhizosphere where such
adverse conditions prevail has not been studied.

The present study compares the mycoflora of the S. europaea rhizosphere with the
results of mangrove rhizosphere obtained in 1996 (7, 8).

Materials and Methods

Sampling sites. Fifteen healthy roots of S. europaea were collected from the side of
Lake Notoro (4 samples) and Lake S.._ ma (11 samples), Abashiri and Monbetu-gun,
Hokkaido, Japan on | and 2 August 1997. Five samples were collected from pasture,
vegetable, and wheat fields near the lakes as root-free soil. This region has a so-called
Okhotsk-type climate, with annual rainfall of 845 mm and average annual temperature of
5.9°C. The locality is at longitude 139°40’E and latitude 37°40°’N. Soil type is sandy
loam and soil pH is 7.2. Content of NaCl is 3.0%.

Isolation method. The same isolation method was adopted as in the previous report
(8). Eight out of 15 root samples collected were used. Slender root were cut into
sections of ca 5 cm in length and washed with physiological water (0.85%). Five sections
of each sample were incubated on two plates at 15°C for one month. All fungi appearing
during the incubation were isolated at 2, 3 and 4 wk under the dissecting microscope.
Soil fungi were isolated from 15 samples after the first washing by x 50 and x 100 dilution
plate methods.

Isolation medium. Cornmeal agar containing 50 yg/ml of tetracycline antibiotics
was used for the slender root samples. Malt-yeast extract agar containing the same
concentration and type of antibiotics was used.

Identification of isolated fungi. Isolates were inoculated on the plates of potato
carrot, malt extract, potato sucrose, and oatmeal agar, and were also incubated at 24°C for
appropriate periods. To identify the isolates, one representative strain of each species was
used.

For species identification the following references and strains of IFO Culture
Collection were consulted: Acremonium (6), Penicillium (10), Fusarium Link (2),
Dematiaceous Hyphomycetes (4, 5), general taxonomy (3).

Results and Discussion

Fungal population density

The number of fungi present in each sample by the dilution plate method was counted
under the dissecting microscope.

The average number of fungi for each site of S. europaea was 7.8 x 10° cfu/g of dry
soil, whereas that of root-free soils of S.europaea, namely, pasture, vegetable, and wheat
field soils, was 9.4 x 10° cfu/g. No significant differences were found in the average
number of fungi between the S. europaea rhizosphere and root-free sample. The average
number of fungi in the S. europaea rhizosphere was higher than that of mangrove soil



36 Tadayoshi Ito, Izumi OxkaNe and Akira NAKAGIRi

Table 1. Fungi isolated from S. europaea and mangrove roots, and their frequency of occurrence.

Species name S. europaea Species name Mangrove
frequency? frequency®

Acremonium strictum W.Gams 37.5 Acremonium sp. 3.6
Acremonium sp. 12.5 Cylindrocarpon destractans
Alternaria alternata (Fr.) Keissler (Zins.) Sholten 13.6
Chrysosporium sp. 75.0 Coelomycetes 13.6
Cladosporium cladosporioides 12.5 Pestalotiopsis sp.— 1 27.3
(Fres.) de Vries 50.0 Penicillium citrinum Thom 13.6
Cladosporium herbarum (Per.) 12.5 Penicillium sp.— 1 13.6
Link ex S.F.Gray Trichoderma harzianum Rifai 50.0
Sterile mycelium 12.5
Number of samples 8 22

2: Number of positive samples / total number of samples x 100 (%).
P: Data are cited from the IFO Res. Commun. 18: 40-44 (1997).

(1.2 x 10° cfu/g) (7). The reason is unclear, but the strongly anaerobic state and high
content of heavy metals of the mangrove soil may be involved.

Mpycoflora of rhizoplane of S. europaea

Table 1 shows the frequency of detection of fungi isolated from S. europaea root
samples. Only six species were detected. Alternaria alternata (75.0% frequency),
Cladosporium cladosporioides (50.0%), and Acremonium strictum (37.5%) were dominant-
ly detected. The dominant species in roots of mangrove trees were Trichoderma har-
zianum Rifai (50.0%) and Pestalotiopsis sp.-1 (27.3%) (8). This difference is considered
to be due to the host specificity.

Mpycoflora of rhizosphere soil

Table 2 lists all the species of fungi isolated from 15 rhizospere and 5 root-free
samples.

Isolated species mainly belong to the taxon Deuteromycotina. The dominantly
detected fungi from soil of S. europaea rhizosphere were Acremonium sp.-1 (66.7%),
Penicillium spp. (33.3%), Phoma spp. (46.7%), Trichoderma harzianum (33.3%), and T.
koningii Oudemans (33.3%), followed by Acremonium strictum (26.7%), Alternaria
alternata (26.7%), Cladosporium herbarum (26.7%), and Mucor hiemalis Wehmer (26.7%).
In root-free soil of S. europaea, Apiospora montagnei Sacc. (60.0%), Mortierella nana
Linnemann (60.0%), Mucor spp. (80.0%) and Phoma spp. (60.0%) were detected. These
fungi are typical soil fungi worldwide (3). It is considered that some of these fungi are
psychrophilic or are adapted to low temperature.

Most of the fungi detected in the S. europaea rhizosphere resembled the mangrove
rhizosphere fungi (7, 8, 11, 12, 13). Notable exceptions not found in the mangrove



37

Mycoflora of the Salicornia europaea shizosphere

00¢ Woyy, wnsonuids wnijjruag L9 Woy3al], UBA DUISSHRUILL D]JoLI1JON
00¢ ddoS wnoipuvyst winipotuag L9 UURWSUUL] DUIAID DJja.110 ]
008 “dds zoonpy L9 UP0I0S ("UYOSISN) apdosiup wmziy oo
007 "SA1] SNSOUODL LOINJY ¢l ‘dds wnpiosng
0°0¥ IOWYIANN SHDULANY LOINJA L9 1JIYIIYDS winiodsAX0 winiipsng
00T “ds ppjasarsiopy 007 QQBMYDIS WNIDIUIUDAS WUNLIDSTL]
0°0C uurwaUUIg (AowneN) L9 safeijolnyg
vA40dsyn8up "Tea UUBWQUUIT L9 UISURIN UDPOJ2ISUID WINIJOINT
(19[[O) PUDIUUDWIDI D]JoLILON L9 “ds wodimooipuyd
009 UUBWRUUIT] DUDYU DJJoId1L0 L'9 ulipsog (1oeM) vIDURN] DLIDIRAAD
oov WoYSSLL, UBA DUISSHAUIU DJj2.LIILIOW] L9 “ds wnrdyionuo)
007 [PU0IAsg puldip vjja4a11I0 L9 “ds winiiodsopv]D
007 00S3A 1B ¥ L'9T Nury (14:810d) wnivqiay wnpodsopv|)
[ouoiAag (IPUPURT) MMBJING DJjoUOLEUOD 002 SIUIA 9P ('se1q) saproriodsopnio winiiodsopv]D)
002 “ds wnipvponn L9 ‘ds wniiodsosday )
00T TR 10 ISJJUN SUddIA wnmippiooyn L9 “ds supjodig
00¥ “dds wnpipsn,y L9 yosed ("008S) 1DIUSUOLG DLIBANDEG
00C “ds wnpdyionio) L9 IINA (owes[eq) puvISSDG DIBANDIG
002 “ds wnriodsopv) 002 preuly (Areq ap) suvpnynd wnipispqosiny
00T NuIy (14rsied) wnipqiay wnitodsopv]) L9 SITA N (Bp10D)) wnuiadsoovyd wniuiyily
00o¥ SALIA 9P ('$91]) sapioriodsopwo winiiodsopoyd L9 "008S 12U3DIUOW DIOdsordy
007 JoeyoTILIR) L'9T I[SSIY ("1 1) DIDULLHD DLDULLYY
(1ADNUITY) wnpppaw wniodsosdiy 002 dds wmuowa.oy
009 "00BS 19USDIUOU DAodsordy L'99 1'ds wniuowia0y
00v dds wnmiuowaop 197 SWEBD)' M WIS WNIUOWLI Y
007 SWBDY ) WNIILIS WNIUOWLD Y el sweny M (BpI0D)) Wnioinut wnjuowa.oy
Kouanbaig sweu so102dg eAouanbalg oweu saroadg

110§ 221J-3100Y

[tos arydsoziyy

‘poyrow 2eyd uonnyip oy Aq sojdwes [108 921j-1001 pue 210ydsozIYs vavdoins S Ul PaYARP 1Sung ‘7 |qBL



Tadayoshi Ito, Izumi OkANE and Akira NAKAGIRI

38

(%) 001x sojdwes Jo dqunu [e10) / sojdwes aanisod Jo IqUINN I,

S Sl sajdwes jo saqunu Jeloy,

L9 wnIRoAW 911915

L9 ulens paynusprun

L9 "1QasseH (SsnRud) vjoordun winyjionds

€¢e ‘WOPNQ #EUIUOY DULBPOYILL]

cce TBII WHUDIZADY DULIBPOYILL]

L9 uoswes % Y[0I1S Jofpw

Jea utwelueg D snoyay saoduwiop]

00z ‘dds sisdoropndoss

L9 ds pyjaipopouryy

008 WnIRoAW 911915 L'op dds pwoyg
X012 SUIBIIS PaynIuapIufy L9 “ds puoydojpryg
00z “ds putiapoysrdy €€e dds wngpotuag
002 I4Id ApnIA DULIPOYILL] L9 IYSS[8Z HUDUISYDM WNIIIIUS]
007 ey (L4:UI]) wndodsdjod puiiapoyors L9 wovy |, mofonbos wnypoiuag
007 RJIY WRUDIZIDY DULIBPOYILL] L9 WOy | wnuadosfiys wnyjiotua g
007 1BJ1Y 9PLIA02IND DULIOPOYILL] ¢l XD WNISLUBONUDIND WNYOIUIJ
00z ‘ds sisdorpindoss 00z WO, WnuLD wnynouad
007 ds sndoziyy L9 ‘ds saodwiopoang
009 -dds puioyg ¢l soysnpy (eesseN) 1puvnbivwt saduio)iang
007 vwhag uea suuwpd> vioydoppiyd L9 “ds zoonpy
0ov dds wmyorua g L97 IOWYI M SYDWSTY LOINJN
00T (i) Susop wmpoIpLIs WnAUd €€l “dds pyasen10p8

Kouonbaig JuIRU $o103dg gAouanbarg sweu saradg

[10S 921J-100Y

J10s a1oydsozIyy

(Ponunuoo) 'z a|qe)



Mycoflora of the Salicornia europaea shizosphere 39

rhizosphere were Alternaria alternata, Cladosporium herbarum (Per.. Fr.) Link, and
Fusarium graminearum Schwabe. The optimal growth temperature of these fungi are at
15-28°C and the minimum temperature are in the range 5-8°C. It is assumed that they
grow in low temperature.

The genera Mortierella Coemans and Mucor Fresenius, which belong to the taxon
Zygomycotina, were often detected in root-free soils. These fungi are known to be found
dominantly in tomato field and forest soil (1, 3), but they were scarcely detected in
mangrove root-free samples in Okinawa (7). It is considered that these fungi like to cold
temperature and the optimum temperature is low. Consequently, low temperature is
assumed to be one of the factors determining their geographical distribution.

Tolerance to sodium chloride

Tolerance to sodium chloride was tested for some isolates, namely, Acremonium sp.—1
(H9-6-7), Mortierella ramanniana (Mdoler) Linnemann var. angulispora (Naumov)
Linnemann (H9-18-2), Mucor hiemalis (H9-18-1), Penicillium aurantiogriseum
(H9-4-3), Phoma sp. (H9-3-3), and Trichoderma harzianum (H9-16Na-2). The fungi
other than M. ramanniana var. angulispora grew at the concentration of NaCl from 7.0%
to 15.0%. These fungi have been isolated from natural substrates and sugar, salted food
products, and concentrated fruit juice (3). The results show that these fungi can with-
stand the high osmotic pressure if the soil in which S. europaea is standing dries up at high
temperature or if they are carried into the salty water of a lake. M. ramanniana var.
angulispora tolerated NaCl only up to the concentration of 2.0%. This means that this
species will not survive in lake water of 3.0% NaCl when it is carried into the lake.

It was considered that the mycoflora of the S. europaea rhizosphere differs from that
of the mangrove rhizosphere, but soil mycofloras of the two habitats are almost the same
in spite of the differences in host plants and geographical distribution. Further investiga-
tions on ecology and species diversity are necessary.

This study was supported by a Grant-in-Aid for Encouragement of Young Scientists
from the Ministry of Education, Science and culture, Japan, No. 09760048 to I. Okane.
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The Ubiquinone System in Hasegawaea japonica
(Yukawa et Maki) Yamada et Banno: A New
Method for Identifying Ubiquinone Homologs

from Yeast Cells

Kozaburo MikaTA and Yuzo YAMADA™

Summary

The ubiquinone homologs of the type strains of the two varieties of Schizosac-
charomces japonicus (= Hasegawaea japonica), Schizosaccharomyces japonicus
var. japonicus and Schizosaccharomyces japonicus var. versatilis, were determined
to be Q-10 as major and Q-8 as minor by extraction with a chloroform/methanol
mixture and by purification on a thin-layer plate developed with a solvent system
composed of hexane/diethyl ether, followed by high performance liquid chromato-
graphy. However, the quantities of the ubiquinone homologs were extremely low
(only one one-hundredth) compared with that of the type strain of Schizosaccha-
romyces pombe. The taxonomic position of Hasegawaea japonica (= S.
Jjaponicus) was discussed chemotaxonomically and phylogenetically based on the
ubiquinone systems and the 18S rRNA partial and complete sequence analyses.
The conclusion is that the genus Hasegawaea should be retained along with the
genus Schizosaccharomyces.

Keywords: ubiquinone homologs, Hasegawaea japonica, Schizosaccharomyces.

Three species are presently recognized in the genus Schizosaccharomyces Lindner
(12): Schizosaccharomyces pombe Lindner as the type species, Schizosaccharomyces
octosporus Beijerinck, and Schizosaccharomyces japonicus Yukawa et Maki [synonym:
S. japonicus var. versatilis (Wickerham et Duprat) Slooff (11, 18)].

In 1960, Kudriavzev (4) introduced the genus Octosporomyces Kudriavzev for S.
octosporus and S. japonicus. However, the name Octosporomyces has not been accepted

*Laboratory of Applied Microbiology, Department of Applied Biological Chemistry, Faculty of Agricul-
ture, Shizuoka University, 836 Ohya, Shizuoka 422-8529, Japan

*Present address: 2-3-21 Seinancho, Fujieda, Shizuoka 426-0063, Japan. Retired on March 31, 1995
from Shizuoka University.

Ttype strain; Q-n, ubiquinone homologs with a specified number (n) of isoprene units in a side chain, e.
g., Q-9 and Q-10.
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(11, 12, 18).

Mikata and Banno (7) studied ascospore morphology of strains including the type
strains of the three species and two varieties of Schizosaccharomyces by scanning electron
microscopy. The species accommodated in the genus Schizosaccharomyces were divided
into three groups based on their ascospore morphology: warty in S. pombe, smooth with
papillae in S. octosporus, and smooth without papillae in S. japonicus var. japonicus and
S. japonicus var. versatilis.

Yamada and Banno (13) distinguished strains of the genus Schizosaccharomyces into
three groups at the generic level by combining their ascospore morphology reported by
Mikata and Banno (7), their ubiquinone systems reported by Yamada et al. (15), and their
fatty acid composition reported by Kock and van der Walt (3): Schizosaccharomyces
Lindner for strains of S. pombe, Octosporomyces Kudriavzev for strains of S. octosporus
as Octosporomyces octosporus (Beijerinck) Kudriavzev, and Hasegawaea Yamada et
Banno for strains of S. japonicus var. japonmicus and S. japonicus var. versatilis as
Hasegawaea japonica (Yukawa et Maki) Yamada et Banno var. japonica and H. japonica
var. versatilis (Wickerham et Duprat) Slooff.

Kurtzman and Robnett (6) rejected the division of the genus Schizosaccharomyces
into three genera based on their 18S and 25S (or 26S) rRNA partial base sequence
analysis, since S. octosporus, S. japonicus var. japonicus and S. japonicus var. versatilis
were separated from S. pombe by a distance only 25% greater than found outlying
Saccharomyces species including Saccharomyces kluyveri Phaff, Miller et Shifrine and
Saccharomyces unisporus Jorgensen.

Yamada et al. (17) stated that the genus Hasegawaea should be retained along with
the genus Schizosaccharomyces, since the type strains of H. japonica var. japonica and H.
Japonica var. versatilis were phylogenetically separated from those of S. pombe and S.
octosporus. In The Yeasts: A Taxonomic Study, 4th ed., however, Vaughan-Martini and
Martini (12) did not accept the genus Hasegawaea.

This paper deals with the reexamination of the ubiquinone systems in the fission
yeasts, especially in those classified in the two varieties of S. japonicus (11, 18) (= H.
Japonica), and discusses the recognition of the genus Hasegawaea.

Materials and Methods

Yeast strains. The type strains of S. pombe (IFO 1628"), S. octosporus (1IFO
103737), S. japonicus var. japonicus (IFO 16097), and S. japonicus var. versatilis (IFO
1607T) were analyzed for ubiquinone homologs. Saccharomyces cerevisiae Rees ex
Hansen 1FO 102177, Pichia membranifaciens (Hansen) Hansen IFO 102157, and Debar-
yomyces hansenii (Zopf) Lodder et Kreger-van Rij IFO 0083" were used as reference
standards for extraction and identification of ubiquinone homologs.

Cultivation of yeast strains. All strains were precultured on YPD medium com-
posed of 1.0% yeast extract, 2.0% peptone and 2.0% glucose in test tubes for one day with
shaking. Precultures were inoculated into 400 ml of YPD medium in a I-liter Erlen-
meyer flask and incubated on a rotary shaker for 16-30 h at 28°C. For each strain, 800



Ubiquinone homologs in Hasegawaea japonica 43

ml of YPD medium was used in total.

Extraction, purification and identification of ubiquinone homologs from yeast cells.
About 3 g of dried yeast cells was suspended in 100 ml of a chloroform/methanol mixture
(2 : 1, by volume), and the suspension was stirred continuously for 16 h to extract the
ubiquinone homologs. After removal of yeast cells by filtration, the extract was evaporat-
ed to dryness on a rotary evaporator. The residue was dissolved in about 1 ml of acetone.
The acetone solution was spotted on a silica gel plate (0.5 mm thickness; 60F,,, E. Merck,
U.S.A.) and the ubiquinone homologs on the plate were developed with a solvent system
composed of hexane/diethyl ether (85 : 15, by volume) for purification. The presence of
ubiquinone homologs on the silica gel plate was detected under ultraviolet light (model
UVG-54 Minerlight lamp, UVP, U.S.A.). The yellow silica gel containing ubiquinone
homologs was scraped from the plate, and the ubiquinone homologs were eluted from the
silica gel with a small volume of acetone. The acetone solution was evaporated to
dryness again, and the residue was dissolved with about 0.3 ml of ethanol. The ethanol
solution was preserved at —20°C until the analysis of the ubiquinone system.

Analysis of ubiquinone system. The ubiquinone system was analyzed by high
performance liquid chromatography on a Shimadzu model LC-6AD liquid chromato-
graph equipped with a Zorbax column (4.6 mmX 15 cm). Ubiquinone homologs were
eluted with a mixture of methanol/isopropyl ether (7 : 1, by volume) at the flow rate of
1.0 ml/min at 30°C and detected by their absorbance at 275 nm with a Shimadzu model
SPD-6A spectrophotometric detector. The elution times and the areas of the elution
peaks of ubiquinone homologs were calculated with a Shimadzu Chromatopac model
C-R6A. Authentic Q-6, Q-7, Q-8, Q-9, and Q-10 were used as reference standards.

Mass spectroscopy. Mass spectroscopic analyses of the ubiquinone homologs puri-
fied by thin-layer chromatography were performed with a JEOL model JMS-AX505W
single focusing mass spectrometer at a chamber temperature of 338°C. The samples were
vaporized at the ion source with a heated direct inlet system operating at 170°C.

Reagents and chemicals. The reagents and chemicals used in this experiment were
obtained commercially. Authentic Q-6 and Q-10 were purchased from Nakarai, Kyoto,
Japan. Authentic Q-7, Q-8, and Q-9 were prepared from cells of Pichia anomala (=
Hansenula anomala) IFO 102137, Pichia capsulata (= Kuraishia capsulata) IFO 07217,
and Rhodosporidium toruloides TFO 05597, respectively.

Results and Discussion

In the type strains of S. japonicus var. japonicus, S. japonicus var. versatilis, and S.
pombe, the ubiquinone systems were mainly comprised of Q-10 (Table 1). Q-8, but not
Q-9, was found as a minor component in both varieties, the calculated percentage being
20.8 and 9.2, respectively. In the type strain of S. pombe, the minor components were
0.2% Q-7, 1.4% Q-8, and 3.8% Q-9. The type strain of S. octosporus had the Q-9 system
(93.3%) with very small amounts of Q-7, Q-8, and Q-10. The percentages of the minor
components were calculated to be 2.1, 1.9 and 2.7, respectively.

Mass spectroscopic analyses of the ubiquinone homologs in the type strains of S.
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Japonicus var. japonicus, S. japonicus var. versatilis, and S. pombe confirmed the presence
of Q-10, with the parent peak at m/z 862 and an intense fragment ion peak at m/z 235.
However, the fragment ion peak at m/z 197 was hardly found. The mass spectroscopic
data obtained here indicated that the isolated ubiquinone homologs are mostly in an
oxidized form, i.e., in a quinone but not a quinol form, unlike in a previous study (14).

The ubiquinone systems of the type strains of Saccharomyces cerevisiae (IFO
102177), D. hansenii (IFO 0083"), and P. membranifaciens (IFO 102157) were Q-6
(97.6%), Q-9 (95.1%), and Q-7 (94.7%), respectively (Table 1). The minor components
were 1.1% Q-7, 1.2% Q-8, and 0.1% Q-9 in the type strain of Saccharomyces cerevisiae,
1.0% Q-7, 2.8% Q-8, and 1.1% Q-10 in the type strain of D. hansenii; and 3.6% Q-6, 1.6%
Q-8, and 0.1% Q-9 in the type strain of P. membranifaciens.

The relative quantities of the total ubiquinone homologs were estimated to be 27.6%
in S. pombe 1FO 16287, 2.1% in S. octosporus IFO 103737, only 0.2% in S. japonicus var.
Japonicus IFO 1609 and 0.3% in S. japonicus var. versatilis IFO 16077, when compared
with the type strain of P. membranifaciens (IFO 102157) (Table 1).

The isoprenoid quinone homologs are now used widely as one of the most important
chemotaxonomic criteria for classifying and identifying bacteria, yeasts, and fungi at the
generic level (1, 2, 5, 14-16).

Yamada et al. (15) and Yamada and Banno (13) reported that no ubiquinone
homologs were found in the type strains of H. japonica var. japonica (= S. japonicus var.
Japonicus) and H. japonica var. versatilis (= S. japonicus var. versatilis). Billon-Grand
(personal communication) also stated that ubiquinone homologs were not detected in the
type strains of the two varieties of H. japonica. In the present experiment, which differed
from earlier experiments in not using sodium hydroxide and pyrogallol for extraction of
ubiquinone homologs (1, 14-16), it was obvious that the type strains of S. japoniacus var.
Japonicus and S. japonicus var. versatilis have the Q-10 system, as reported in S. pombe

Table 1. The ubiquinone homolog composition in the type strains of species of the genera
Schizosaccharomyces, Saccharomyces, Debaryomyces, and Pichia.

. . Relative composition® (%) of
Species and type strain Total®

Q-6 Q-7 Q-8 Q-9 Q-10

S. japonicus var. japonicus  IFO 1609 0 0 20.8 0 79.2 0.2
S. japonicus var. versatilis 1FO 1607 0 0 9.2 0 90.8 0.3
S. pombe IFO 1628 0 0.2 1.4 3.8 94.6 27.6
S. octosporus IFO 10373 0 2.1 1.9 93.3 2.7 2.1
Sac. cerevisiae IFO 10217 97.6 1.1 1.2 0.1 0 31.3
D. hansenii IFO 0083 0 1.0 2.8 95.1 1.1 57
P. membranifaciens IFO 10215 3.6 94.7 1.6 0.1 0 100

#The retention times of ubquinone homologs were: 4.0 min for Q-6, 5.0 min for Q-7, 6.5 min for Q-8,
8.5 min for Q-9, and 11.3 min for Q-10.

°In the estimation of the relative quantities of the total ubiquinone homologs, the type strain of P.
membranifaciens (IFO 10215) was designated as a reference standard (total of quinone peak areas
14832772; relative quantity, 100%).

S., Schzosaccharomyces; Sac., Saccharomyces; D., Debaryomyces; P., Pichia.
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(15). However, the quantities of the ubiquinone homologs in the two varieties of S.
japonicus were greatly different from that of S. pombe: the total quantities were one
one-hundredth or less than that of the type strain of S. pombe (Table 1).

Yamada et al. (17) argued that the genus Hasegawaea should be retained, based on
partial 18S rRNA sequences at positions 1451 through 1618, 168 bases, the differences in
the phenotypic features of the fission yeasts. However, Vaughan-Martini and Martini
(12) rejected their opinion. The three species S. pombe, S. octosporus, and S. japonicus
(= H. japonica) were accommodated in the single genus Schizosaccharomyces in The
Yeasts: A Taxonomic Study, 4th ed. (12).

Naehring et al. (8) determined the complete sequences of 18S, 25S (or 26S), and 5.8S
rRNAs of the type strain of S. japonicus var. versatilis (= H. japonica var. versatilis).
They concluded that there is no need to introduce the genus Hasegawaea into the group
of fission yeasts, since S. japonicus var. versatilis and S. pombe are more closely related
than are Saccharomyces cerevisiae and Kluyveromyces lactis (Dombrowski) van der
Walt. They calculated the similarity between the 18S rRNA sequences of S. japonicus
var. versatilis and S. pombe to be 95.7%, however, and this value is low enough to
distinguish the two taxa, S. japonicus and S. pombe, at the generic level.

In the family Acetobacteraceae Gillis and De Ley, for example, a nearly equal
similarity value (95.6%) was calculated by Sievers et al. (9) between the 16S rRNA
sequences of the type strains of Acetobacter aceti (Pasteur) Beijerinck, the type species of
the genus Acetobacter Beijerinck and Gluconobacter oxydans (Henneberg) De Ley, the
type species of the genus Gluconobacter Asai.

Sjamsuridzal et al. (10) determined the full sequence of 18S rRNA of S. japonicus var.
Jjaponicus TFO 1609T. Their conclusion is identical with that of Naehring et al. (8).
However, it is obvious in their phylogenetic trees that the distance between S. japonicus
var. japonicus (= H. japonica var. japonica) and S. pombe is much longer than those
between Saitoella and Neolecta species as well as between Taphrina and Protomyces
species (10). In addition, the phylogenetic distance between S. japonicus var. japonicus
and S. japonicus var. versatilis is not close (10), differing from the sequence data of
Kurtzman and Robnett (6) and Yamada et al. (17).

The phylogenetic and chemotaxonomic data obtained previously and presently indi-
cate that the genus Hasegawaea should be accepted, contrary to the opinions of Kurtzman
and Robnett (6), Naehring et al. (8), and Sjamsuridzal et al. (10).
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Phylogenetic analysis of actinobacteria in the
mangrove rhizosphere

Mariko TAKEUCHI and Kazunori HATANO

Summary

Twenty-five actinobacteria isolated from the mangrove rhizosphere were
characterized taxonomically. On the basis of phylogenetic and chemotaxonomic
characteristics, the taxonomic positions of 24 of the strains were clarified: 13 yellow
or orange strains were located in the genus Cellulomonas, 4 yellow to pale yellow
strains in the genus Agromyces, 2 yellow strains in the genus Microbacterium, 2 pale
brown strains in the genus Mycobacterium, and 1 strain each in the genera
Micrococcus, Gordonia and Rhodococcus. Some strains were considered to be new
species in their respective genera. However, we could not determine the taxonomic
position of the remaining one strain containing LL-diaminopimelic acid in the cell
wall. These results indicate that the mangrove rhizosphere is a good source for
isolation of new and diverse actinobacteria.

Keywords: diversity of actinobacteria, mangrove rhizosphere

The diversity and population of microorganisms in the mangrove rhizosphere have
been studied in the Institute for Fermentation, Osaka (IFO) for several years. Mangrove
forests in Japan are mainly located in the subtropical and tropical regions of Okinawa.
Hatano examined the actinomycete populations in the rhizosphere soils of seven kinds of
mangrove forest in the Iriomote and Ishigaki islands in Japan and suggested that the
mangrove rhizosphere is a good source for isolating new and diverse actinomycetes (7).
Recently, we determined the taxonomic positions of actinobacteria isolated from the
mangrove rhizosphere in the Iriomote island and found that 4 strains out of 9 isolated
actinobacteria were new species in the genera Gordonia and Microbacterium: Gordonia
rhizosphera (31), Microbacterium halophilum, and Microbacterium thalassium (30, 32).
However, the taxonomic positions of the remaining 5 isolates were not determined. In
addition, 20 actinobacteria were isolated from the mangrove rhizosphere at the same
sampling sites in different seasons.

In this study, we determined the almost complete 16S rRNA gene sequences of 25
strains isolated from the mangrove rhizosphere and compared them with the sequences of
representative validated gram-positive bacteria, to clarify the phylogenetic diversity of
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actinobacteria in the mangrove rhizosphere.
Material and Methods

Soil samples and treatments. Soil samples were taken from the mangrove rhizo-
sphere at four sampling sites in the estuaries of the Maira, Shiira, and Urauchi rivers in
Iriomote island (7) in October 1995 and July 1997 (Table 1). All soil samples were stored
at 5~8°C, then dried in air at 17°C for six days. Soils were passed through sieves of 20
and 60 mesh, and soil and fine roots were separated.

Isolation and cultivation. Selective isolation of soil actinomycetes was described by

Table 1. Bacterial strains investigated and their 16S rDNA accession numbers

Isolation”  Color of colony ~ Strain No. IFO No.  Isolation site? Source DDBJ
Accession No.

I-1 Pale yellow No. 2 16063 No. | fine root AB004731
I-2 Pale yellow Y-1 16066 No. 1 soil AB004733
I-3 Pale yellow Y-2 16067 No. ! soil

1-4 Pale brown No. 105 16064 No. 4 soil AB004732
I-5 Pale brown No. 151 16065 No. 4 fine root

-1 Rose No. 60 16247 No. 4 soil AB023368
11-2 Orange No. 61 16244 No. 4 soil ABO023365
I1-3 Orange No. 66 16245 No. 4 soil AB023366
11-4 Orange No. 24 16242 No. 3 root ABO023363
11-5 Pale orange No. 10 16239 No. 3 soil AB023360
11-6 Pale orange No. 27 16243 No. 3 soil AB023364
-7 Pale orange No. 77 No. 1 root

I1-8 Yellow No. 58 (5) 16237 No. 4 soil AB023358
11-9 Yellow No. 12 a 16248 No. 3 root ABO023369
I1-10 Yellow No. 13 16249 No. 3 root AB023370
I1-11 Yellow No. 73 16250 No. 5 root AB023371
I1-12 Pale yellow No. 8 16235 No. 3 soil AB023356
I1-13 Pale yellow No. 65 16238 No. 4 soil AB023359
I1-14 Pale yellow No. 19 16241 No. 4 root AB023362
II-15 Pale yelliow No. 68 16246 No. 4 soil AB023367
I1-16 Pale yellow No. 14 16236 No. 3 root AB023357
I1-17 Pale yellow No. 16 16240 No. 4 root AB023361
I1-18 Pale brown No. 58 16252 No. 4 soil AB023373
1-19 Pale brown No. 74 16253 No. 5 root AB023374
11-20 Pale brown No. 48 16251 No. 4 soil AB023372

I) 1, isolated in October 1995; 11, isolated in July 1997

2) No. 1, Maira River, rhizosphere of Avicennia marina; No. 3, Shiira River, rhizosphere of Sonneratia
alba; No. 4, Shiira River, thizosphere of Bruguera gymnorrhiza; No. 5, Urauchi River, rhizosphere of
Kandelia candel
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Hayakawa & Nonomura (8, 9). Dried soil (1 g) was suspended in 9 ml of YE-SDS
solution (7) and treated with an Ultrasonic Cleaner (38 kHz, Kaijou Denki, Tokyo,
Japan). A diluted aliquot of soil suspension was spread on HV agar plates (8) and
incubated for 2 to 3 weeks at 28°C.  Among colonies appearing on the plates, bacteria-
like colonies that were yellow, orange, red, or white in color were picked up and
transferred to HV and PY agar plates (1% peptone, 0.2% yeast extract, 0.2% NaCl, 0.2% p-
glucose, and 15g of agar, pH 7.2) as actinobacteria. Cells used for biochemical tests were
cultured in PY medium, harvested by centrifugation during the stationary phase, washed
with water, and lyophilized.

Strains investigated. Five strains isolated from the soils of the four sampling sites
in Iriomote island in October 1995, and 20 strains isolated from the same sampling sites
in July 1997 were used in this study (Table 1).

Analysis of 16S¥rDNA. Extraction of genomic DNA and amplification of the 16S
rDNA were carried out as described previously (30). PCR products were sequenced
directly by using a Thermo Sequenase Fluorescent Labelled Primer Cycle Sequencing Kit
with 7-deaza-dGTP (Amersham) and a Pharmacia Model ALF DNA sequencer follow-
ing the manufacturer’s protocol.

Phylogenetic analysis. Nucleotide substitution rates (K,,.) (13) were calculated by
using the CLUSTAL V software package (10), and phylogenetic trees were constructed by
the neighbour-joining method (20). The topology of the phylogenetic trees was evaluat-
ed by the bootstrap resampling method of Felsenstein (3) with 1000 replicates.

Nucleotide sequence accession numbers. The accession numbers for the 16S rDNA
sequences determined in this study are AB023356 to AB023374 (Table 1) and those of
Promicromonospora sukumoe IFO 14650" and Cellulomonas cellulans (formerly Oers-
kovia xanthineolytica) IFO 16148 are AB023375 and AB023355. The DDBJ, GenBank,
and EMBL accession numbers for the 16S rDNA suquences of the reference strains used
in the phylogenetic analyses are shown in each figure.

Chemotaxonomic analysis. Isomers of diaminopimelic acid (A,pm) in the cell wall
were examined by the method of Hasegawa et al. (6). Cell walls were prepared from
about 500 mg (dry wt.) of bacterial cells as described by Schleifer & Kandler (21), and
amino acids in the acid hydrolysate of the cell walls were identified by HPLC as described
by Yokota et al. (34). Fatty acids were extracted from dried cells, purified, and analysed
by GC-MS with a GCMS-QP5000 MS Workstation computer system as described
previously (30). The G+C content of the DNA was determined by the method of
Mesbach et al. (16) after treatment with Pl nuclease and alkaline phosphatase.

DNA-DNA hybridization. DNA-DNA hybridization was performed fluorometrical-
ly in microdilution wells by using biotinylated DNA (2).

RESULTS AND DISCUSSION
We selected 9 colonies from the soil samples collected from the mangrove rhizosphere

in October 1995. Among them, four strains were identified as new species in the genera
Gordonia (31) and Microbacterium (30, 32), while the taxonomic positions of the remain-
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ing five strains, No. 2, 105, 151, Y-1, and Y-2, were not determined. Additionally, 20
colonies were isolated from soil samples collected at the same sampling sites in the
mangrove forests in July 1997 (Table 1).

Before comparing the 16S rDNA sequences of isolated actinobacteria with those of
related microorganisms, we first examined the isomers of diaminopimelic (A,pm) in the
cell wall. Among the 25 strains, 4 strains, No. 48, 58, 60, and 74, contained meso-A,pm;
strain No. 77 contained LL-A,pm; and the remainder did not contain meso- or LL-A,pm
(data not shown). We next determined the almost complete 16S rDNA sequences of the
25 strains, which consisted of between 1468 and 1511 nucleotides, and aligned the
sequences with the published sequences from DDBI, GenBank, and EMBL.

The 16S rDNA sequences of the 20 strains which did not contain meso- or LL-A,pm
in the cell wall were compared with representative members in the genera of suborder
Micrococcineae (25) (Fig. 1), and the 16StDNA sequences of 5 strains which contained
meso- or LL-A,pm in the cell wall were compared with representative members in the
genera of suborder Corynebacterineae (25) (Fig. 2), respectively. The 16S rDNA similar-
ity values were determined (data not shown).

As shown in Fig. 1, 13 strains, comprising 6 pale yellow strains, No. 2, 16, 19, 68,
Y-1, and Y-2, 2 pale brown strains, No. 105 and 151, and 5 orange to pale orange strains,
No. 10, 24, 27, 61, and 66, were all located in the large cluster of family Cellulo-
monadaceae or family Promicromonosporaceae (19, 24). Four yellow to pale yellow
strains, No. &, 14, 58 (5), and 65, were in the cluster of the genus Agromyces (28, 35) and
2 yellow strains, No. 12a and 13, were located in the genus Microbacterium (30). Yellow
No. 73 strain was included in the genus Micrococcus (14, 23), and the closest related
species to strain No. 73 was Micrococcus luteus.

Of the meso-A,pm containing actinobacteria, as shown in Fig. 2, strain No. 60, strain
No. 74, and strains No. 48 and 58 formed a coherent cluster with species of the genera
Gordonia (27), Rhococccus (18) and Mycobacterium (33), respectively. The sequence of
the 16S rDNA of strain No. 77, which contained LL-A,pm in the cell wall, was aligned
with some members of actinomycetes, but its position in the bacterial phylogenetic tree
remained uncertain.

Taxonomic positions of actinobacteria lacking meso-A,pm.

Cellulomonas species: Thirteen strains, No. 2, 10, 16, 19, 24, 27, 61, 66, 68, 105, 151,
Y-1, and Y-2, had lysine as cell wall diamino acid, G+ C contents of DNA ranging from
67.2 to 73.0 mol%, and cellular fatty acids composed mainly of anteiso-15:0, iso-15:0,
is0~16:0 and/or iso-17:0. Their major menaquinone was MK-9 (H,), and some strains
also contained MK-10 (H,). These chemotaxonomic features indicate that they may
belong to the genera Cellulomonas (24, 26), Promicromonospora (12) or Sanguibacter (4)
(Table 2). However, as shown in Fig. 3, phylogenetic analyses suggested that all 13
strains belong to the genera Cellulomonas or Promicromonospora, both of which exhibit
very similar profiles in chemotaxonomic properties (Table 2).

Nine of the 13 strains, No. 10, 24, 27, 61, 66, 105, 151, Y-1 and Y-2, formed a
phylogenetic coherent cluster, and this cluster was attached to two Promicromonospora
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Fig. 1. Unrooted phylogenetic tree displaying the relationships to reference organisms
of actinobacteria which do not contain meso-A,pm. The numbers on the tree
indicate bootstrap values (percent) derived from 1,000 samples, for the branch

point (3). Bar=0.01 K, unit
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Table 2. Differential characteristics of actinobacteria

Genus G+C content (mol%)  Diamino acid Major menaquinone
Arthrobacter 61-66 Lys MK-8, 9/MK-9 (H,)
Nestenkonia 70-72 Lys MK-8, 9
Kytococcus 68-71 Lys MK-8, 9, 10
Kocuria 66-75 Lys MK-7 (H,), MK~8 (H,)
Micrococcus 70-76 Lys MK-8, MK~8 (H,)
[No. 73] 72.5 Lys MK-8 (H,)
Microbacterium 65-72 Lys/Orn MK-11, 12, 13, 14
[No. 12a] 72.5 Orn MK-10, 11
[ No. 13] 70.3 Orn MK-12, 11
Promicromonospora 70-75 Lys MK-9 (H,)
Sanguibacter 69-70 Lys MK-9 (H,)
Cellulomonas 71-76 Lys/Orn MK-9 (H,)
[No. 2,10, 16, 19, 24, 27, 61, 67.2-73.0 Lys MK-9 (H,), MK10 (H,)
66, 68, 105, 151, Y-1, Y-2,]

Rarobacter 65-66 Orn MK-9
Clavibacter 67-78 DAB MK-9, 10
Crybacterium 65 DAB MK-10
Rathayibacter 63-72 DAB MK-10
Leucobacter 66.2 DAB MK-11
Agrococcus 74 DAB MK-I1, 12
Agromyces 71-76 DAB MK-11, 12
[No. 8, 65, 58 (5), 14] 70.0-73.3 DAB MK-11, 12

species, Promicromonospora citrea (12) and Promicromonospora sukumoe (29), at a
significant distance (Fig. 3). The remaining one species of the genus, Promicromonospora
enterophila (11), was more closely related to Cellulomonas turbata (26) than to the other
two species. Though the species in the genera Cellulomonas and Promicromonospora are
phylogenetically intermixed (5, 19), we determined that these 9 strains should be placed the
species in the genus Cellulomonas, based on their morphological characteristics, namely,
that neither aerial mycelia nor single spores are observed.

Three of the 13 strains, No. 16, 19 and 68, also formed a phylogenetic coherence
cluster, which constituted the deepest branch in the genus Cellulomonas, and Cel-
lulomonas fermentans (1) attached to this cluster at some distance. The remaining strain,
No. 2, formed a sister lineage to the Cellulomonas cellulans (19, 24, 26) group.

Microbacterium species: Strains No. 12a and 13 had ornithine as cell wall diamino
acid, G+ C contents of DNA ranging from 70.0 to 74.1 mol%, and cellular fatty acids
composed mainly of anteiso-15:0, iso-16:0, and anteiso-17:0. Their major menaquinones
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were MK-10, 11, and 12.
genus Microbacterium (30) (Table 2).

Brevibacterium linens DSM 204257 (x77451)

Unrooted phylogenetic tree displaying the relationships of Cellulomonas species
to reference organisms. Bar=0.01 K,,,. unit

*Sequence data obtained from the Ribosomal Database Project (15).

These chemotaxonomic features indicate that they belong to the
We therefore compared the almost complete the

16S rDNA sequences of the two strains with the published sequences of the 26 known

species in the genus Microbacterium (32).

13 appear to be two new species in the genus Microbacterium.

As shown in Fig. 4, strains No. 12a and No.
It is interesting that the

closest related species to these two isolates, Microbacterium halophilum (32), was also
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Fig. 4. Unrooted phylogenetic tree displaying the relationships of Microbacterium

species to reference organisms. Bar=0.01 K, unit
*Sequence data obtained from the Ribosomal Database Project (15).
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isolated from the mangrove rhizosphere.
Agromyces species: Four strains, No. &, 14, 58 (5), and 65, had 2,4-diaminobutyric

acid as cell wall diamino acid, G+ C contents of DNA ranging from 70.0 to 73.3 mol%,
and cellular fatty acids composed mainly of anteiso-15:0, iso-16:0, anteiso-17:0, and/or
iso-15:0. 'The major menaquinones of these strains were MK-12 with smaller amounts of
MK-10 and MK-11. These chemotaxonomic features indicate that they belong to the
genus Agromyces (28, 35) (Table 2), of which six species have been described previously.
As shown in Fig. 4, the four strains appear to be new species in the genus Agromyces.
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Fig. 5. Unrooted phylogenetic tree displaying the relationships of Micrococcus species
to reference organisms. The numbers on the tree indicate bootstrap values
(percent) derived from 1,000 samples, for the branch point (3). Bar=0.01 K,,,.
unit
*Sequence data obtained from the Ribosomal Database Project (15).
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Micrococcus species: The diamino acid in the cell wall of the strain No. 73 was
lysine, the G+C content of the DNA was 72.5 mol%, and cellular fatty acids were
composed mainly of 16:0 and iso-16:0. The major menaquinone was MK-8 (H,).
These chemotaxonomic features indicate that this strain belongs to the genus Micrococcus
(Table 2), in which only two species are recognized, Micrococcus luteus and Micrococcus
lylae (14, 23). As shown in Fig. 5, yellow strain No. 73 was closely related to
Micrococcus luteus.

Taxonomic positions of actinobacteria containing meso-A,pm

Gordonia species: The diamino acid in the cell wall of strain No. 60 was meso-
A,pm, G+C content of the DNA was 65.8 mol%, and the cellular fatty acids were
composed mainly of 16:0 and 10-methyl 18:0 (tuberculostrearic acid, TBSA). The major
menaquinone was MK-9 (H,). These chemotaxonomic features indicate that this strain
belongs to the genus Gordonia (Table 3), of which nine species have previously been
described (31). As shown in Fig. 6, rose-colored strain No. 60 was included in the genus
Gordonia and was closely related to Gordonia rhizosphera, which was also isolated from
the mangrove rhizosphere. The level of DNA-DNA relatedness between strain No. 60
and G. rhizosphera IFO 16068" was 75.8-85.3%, and we determined that strain No. 60
should be G. rhizosphera.

Rhodococcus species: The diamino acid in the cell wall of strain No. 74 was meso-
A,pm, G+C content of the DNA was 64.5 mol%, and the cellular fatty acids were
composed mainly of 16:0, and 10-methyl 18:0 (TBSA). The major menaquinones were
MK-8 (H,) and MK-7 (H,). These chemotaxonomic features indicate that this strain
belongs to the genus RAodococcus (Table 2).  As shown in Fig. 6, pale brown strain No.
74 was included in the genus RhAodococcus (18).

Mpycobacterium species: The diamino acid in the cell wall of strains No. 48 and 58

Table 3. Differential characteristics of actinobacteria containing meso-A,pm

Genus G+C content (mol%)  Diamino acid Mycolic acids Major menaquinone

Trukamurella 67-68 meso-A,pm + MK-9

Dietzia 73 meso-A,pm + MK-8 (H,)
Rhodococcus 63-73 meso-A,pm + MK-8 (H,)

[No. 74] 64.5 meso-A,pm + MK-8 (H,)
Corynebacterium 51-67 meso~-A,pm + MK-~9 (H,), MK-8 (H,)
Gordonia 63-69 meso-A,pm + MK-9 (H,)

[No. 60] 65.8 meso~-A,pm + MK-9 (H,)
Mycobacterium 61-71 meso-A,pm + MK-9 (H,)

[No. 48, 58] 68.2-68.5 meso—-A,pm + MK-9 (H,)

Nocardia 64-72 meso-A,pm + MK-8 (H,,w~cycl)
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No. 60
Gordonia rhizosphera IFO 16068T (AB004729)

Gordonia bronchialis DSM 432477 (x79287)
Gordonia rubropertincta DSM 431977 (x80632)
Gordonia hydrophobica DSM 440157 (x87340)
Gordonia terrae DSM 432497T(x79286)
Gordonia amarae DSM 43392T (x30635)
Gordonia aichiensis DSM 43978T (x380633)
Gordonia sputi DSM 43896T (x30634)
Gordonia sputi ( Rhodococcus chubuensis) DSM 44019 (x80627)
Gordonia hirsuta DSMZ 441407 (x93485)

Skermania piniformis IFOQ 150597 (z35435)
Rhodococcus marinonascens DSM 437527 (x80617)
Rhodococcus erythropolis DSM 43

Rhodococcus luteus DSM 436737 (x79187)
Rhodoccus fascians DSM 206697 (x79186)

No. 74

Rhodococcus opacus DSM 43205T (x80630)
Rhodococcus equi DSM 203077 (x80614)
Rhodococcus ruber DSM 43387 (xs0625)
Rhodococcus rhodnii DSM 433367 (x80621)
Rhodococcus coprophilus DSM 433477 (x80626)
Rhodococcus rhodochrous DSM 432417 (x79288)
Rhodococcus roseus DSM 432747 (x80624)

] _|: Dietzia maris DSM 436727 (x79290)
Tsukamurella paurometabola DSM 201627 (x53206)
Mycobacerium bovis ATCC 12910T (x55589)
l: Mpycobacterium intracellulare ATCC 15985 (x52927)
‘ ___I:C_‘otynebacterium bovis NCTC 3224T (xga444)
Corynebacterium diphtheriae NCTC 113977 (x84248)
Kineococcus aurnatiacus IFO 15268T (AB007420)

Arthrobacter globiformis DSM 20124 T (M23411)

0.01 Knuc ‘{_L Terrabacter tumescens NCIB 8914T (x53215)
Brevibacterium linens DSM 204257 (x77451)

99

Fig. 6. Unrooted phylogenetic tree displaying the relationships of Gordonia species and
Rhodococcus species to reference organisms. The numbers on the tree indicate
bootstrap values (percent) derived from 1,000 samples, for the branch point (3).
Bar=0.01 K, unit

was meso-A,pm, G+ C contents of DNA ranged from 68.2 to 68.5 mol%, and the cellular
fatty acids were composed mainly of 16:0, 16:1, 18:1, and 10-methyl 18:0 (TBSA). The
major menaquinone of these strains was MK-9 (H,). These chemotaxonomic features
indicate that these strains belong to the genus Mycobacterium (Table 2). This genus
contains more than 80 reported species, which for convenience have been divided into
three groups: slow growers (grossly visible colonies appear only after 7 or more days);
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Mycobacterium aichiensis ATCC 272807 (X55598)

I F Mycobacterium parafortuitum (X93183)
Mycobacterium gilvum ATCC 439097 (X55599)

- Mycobacterium flavescens ATCC 144747 (X52932)
L Mycobacterium smegnatis ATCC 14468 (X52922)
Mycobacterium fallax ATCC 35219T (M29562)

Mycobacterium terrae ATCC 157557 (X52925)
Mycobacterium chitae ATCC 196277 (X55603)
Mycobacterium phlei ATCC 11758T (M29566)
Mycobacterium chubuense ATCC 27278T (X55596)
Mycobacterium sphagni ATCC 330267 (X55590)

Mycobacterium farcinogenes ATCC 432947 (X55592)
Mycobacterium senegalense ATCC 357961 (M29567)

No. 48
Mycobacterium komossense ATCC 330137 (X55591)

Mycobacterium obuense ATCC 27023T (X55597)
- Mycobacterium fortuitum ATCC 68417 (X52933)

Mpycobacterium diernhoferi ATCC 19340T (X55593)

Mycobacterium neoaurum ATCC 257951 (M29564)

Mpycobacterium hodleri (X93184)
Mycobacterium chelonae ATCC, 19977T (M29559)

Mycobacterium aurum ATCC 23366T (X55595)
Mycobacterium austroafricanum (X93182)
Mycobacterium gadium ATCC 277267 (X55594)
Mycobacterium vaccae ATCC 154837 (X55601)

Mpycobacterium thermoresistibilea ATCC 195277 (X55602)
Mycobacterium avium DSM 43216 (X52918)
Mycobacterium paratuberculosis ATCC 196987 (X52934)
Mycobacterium intracellulare ATCC 15985 (X52927)
Mpycobacterium scrofulaceum ATCC 1998 1T (X52924)

Mycobacterium kansasii ATCC 12478T (M29575)
Mpycobacterium szulgai ATCC 25799T (X52926)
Mpycobacterium malmoense ATCC 29571T (X52930)

Mycobacterium bovis ATCC 12910T (X55589)
Mpycobacterium tuberculosis (X52917)
Mycobacterium marinumFIB (X52920)
Mycobacterium leprae (X53999)

Mycobacterium gastri (X52919) .
Mycobacterium asiaticum ATCC 252767 (X55604)

Mpycobacterium gordonae ATCC 14470% (X52923)
Mycobacterium cookii ATCC 49103 (X53896)

Mycobacterium triviale ATCC 23292T (M29571)
Mycobacterium xenopi ATCC 192507 (X52929)
Mycobacterium hassiacum DSM 44199T (U49401)

No. 58

Mycobacterium simiae ATCC 252751 (X52931)
Nocardia asteroides DSM 43757T (X80606)
Gordonia aichiensis DSM 43978T (X80633)

Skermania piniformis IFO 150591 (235435)

Dietzia maris DSM 436727 (X79290)
Tsukamurella paurometabola DSM 20162 (X53206)
Corynebacterium bovis NCTC 3224T (X84444)

Kineococcus aurantiacus IFO 15268T (AB007420)

Brevibacterium linens DSM 204257 (X77451)

Terrabacter tumescens DSM 20308T (X83812)

Fig. 7.

species to reference organisms. Bar=0.01 K, unit

Mycobacterium nonchromogenicum ATCC 19530T (X29565)

Rhodococcus rhdochrous DSM 432417 (X79288) 0.01K nuc
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Unrooted phylogenetic tree displaying the relationships of Mycobacterium
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rapid growers (grossly visible colonies in less than 7 days) (17, 22); and organisms which
have special growth requirements or have not been cultivated in vitro (33). As the two
isolated actinobacteria, No. 48 and 58, grew well within 3 days, we compared their 16S
rDNA sequences with those of 45 rapid-growing mycobacteria (17, 22). As shown in
Fig. 7, strain 48 and strain 58 appear to be new species in the genus Mycobacterium.

In this study, we determined the almost complete 16S rRNA gene sequences of 25
strains isolated from the mangrove rhizosphere and compared them with the sequences of
representative validated gram-positive microorganisms, to clarify the phylogenetic diver-
sity of actinobacteria in the mangrove rhizosphere. On the basis of phylogenetic and
chemotaxonomic characteristics, the taxonomic positions of 24 of the strains were clarified,
but that of the remaining one strain which contained LL-A,pm in the cell wall was not
clarified.

Actinobacteria in a diversity of genera, Agromyces, Cellulomonas, Gordonia, Micro-
coccus, Microbacterium, Mycobacterium, and Rhodococcus species, were isolated from the
mangrove rhizosphere, and some isolates were considered to be new species in their
respective genera. It is especially interesting that Mycobacteria species, which had mainly
been isolated from clinical environments such as phlegm and sputum, and from soils, and
which are considered to be etiologic agents of pulmonary disease, were isolated from the
mangrove rthizosphere. This is the first report of the appearance of Mycobacterium
species in the mangrove rhizosphere. We confirmed that mangrove rhizosphere is a good
source for isolating new and diverse actinomycetes, as suggested by Hatano (7).

We thank Yayoi Yamaguchi for her help in analysing chemotaxonomic features of all
strains.
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Phylogenetic Reassessment of Taxonomic
Position of Five Pseudomonas strains

Yasuyoshi Nakagawa, Ken-ichi KurosHIMA*, and Takeshi SAKANE*

The taxonomic positions of four strains of Pseudomonas ovalis isolated from
silkworm larvae, IFO 12950, IFO 12951, IFO 12952, and IFO 12953, and one strain
of Pseudomons caryophylli, IFO 13694, were re-evaluated phylogenetically. From
the results of 16S rRNA sequence analysis and DNA-DNA hybridization, two
strains, IFO 12951 and IFO 13694, were reidentified as Ochrobactrum intermedium.
IFO 12951 is the first Ochrobactrum strain isolated from insect. IFO 12950
exhibited a species level of DNA relatedness with IFO 12952 and 1FO 12953 and
occupies an independent phylogenetic position within the Brucella- Ochrobactrum
cluster. The close relationship between the genera Brucella and Ochrobactrum is
also discussed.

Keywords: Ochrobactrum, Brucella, phylogeny, 16S TRNA

Four Pseudomonas ovalis strains, 1-2106 (= IFO 12950), I-1201 (= IFO 12951), K-
101 (= IFO 12952), A-210 (= TFO 12953), were isolated from silkworm larvae by
Nakasuji et al. (12). Pseudomons caryophylli 1TFO 13694, which produces p-threo-
aldose dehydrogenase (16), was isolated originally by Fewkes (5). We investigated the
chemotaxonomic characteristics of Pseudomonas strains in IFO and found that they had
ubiquinone-10 (Q-10) as the major quinone. Since typical Pseudomonas species are
characterized by Q-9 (22), these strains were judged not to belong to the genus
Pseudomonas. In this study, we determined the taxonomic positions of these strains
phylogenetically.

Materials and Methods
Bacterial strains and cultivation. The strains examined were IFO 12950, IFO 12951,

IFO 12952, and IFO 129353, which were isolated from silkworm larvae (12) and deposited
as Pseudomonas ovalis in IFO; IFO 13694, which was deposited as Pseudomons caryo-

*Present address: Biotechnology Laboratories, Pharmaceutical Research Division,
Takeda Chemical Industries, Ltd., Yodogawa-ku, Osaka 532-8686, Japan
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phylli; Ochrobactrum anthropi LMG 33317 (T=type strain) (= IFO 15819T), and
Ochrobactrum intermedium LMG 33017 (= IFO 158207). The organisms were culti-
vated aerobically at 28°C in the medium containing (per liter) 10.0 g of Polypepton (Wako
Pure Chemical Industries, Osaka, Japan), 2.0 g of yeast extract (Difco Laboratories,
Detroit, Mich., U.S.A.), 1.0 g of MgSO, « 7TH,0, and 15 g of agar, if needed (pH 7.0).
Cells were harvested by centrifugation at the stationary phase.

Preparation of DNA. Total genomic DNA was extracted and purified by the
methods of Marmur (8) and Saito and Miura (14) with some modifications (10). DNA
solutions with an absorbance ratio at 260 nm/280 nm of above 1.8 were used in DNA-
DNA hybridization experiments.

PCR amplification, cloning and sequencing of 16S rDNA. The 16S rRNA gene
was amplified by PCR (13) by using TaKaRa Taqg (Takara Shuzo, Kyoto, Japan) and
primers 9F and 1541R (I1). The [.5-kb amplified 16S rDNA fragment was purified by
agarose gel electrophoresis and a Gene Clean Il kit (BIO 101, Vista, Calif., USA). The
methods for cloning and sequencing of the purified fragment were previously described in
detail (11).

Phylogenetic analysis. The 16S TRNA sequences of the strains examined and the
sequences of reference organisms derived from databases (for accession numbers, see
below) were aligned against the Escherichia coli sequence (1). The CLUSTAL W ver.
1.7 software package (19) was used to generate the evolutionary distances (K,,. values
[7]) and the similarity values, and to reconstruct the phylogenetic tree by using the
neighbor-joining method (15) and the K,,. values. Positions at which secondary struc-
tures varied between strains (66-103, 179-220, 447-487, 841-845, 1004-1036, 1134-1140,
1247-1290, and 1446-1456 [ E. coli numbering system|) and positions after 1483, for which
sequences were not determined in any reference organisms were excluded from the
analysis. The total number of nucleotides compared was 1,186 after we had eliminated
all sites at which sequences were not determined in any organism. The topology of the
phylogenetic tree was evaluated by the bootstrap resampling method of Felsenstein (4)
with 1,000 replicates.

DNA-DNA hybridization. Levels of DNA relatedness were determined by the
photobiotin-microplate method of Ezaki et al. (3). Hybridization was performed at 50°C
in 2 X SSC buffer (0.3 M NaCl and 0.03 M sodium citrate, pH unadjusted) containing 50%
(v/v) formamide.

Nucleotide sequence accession number. The 16S rDNA sequence data of IFO 12950
and TFO 13694 were deposited in the DDBJ database and appear in the DDBJ, EMBL,
GSDB, and NCBI nucleotide sequence databases under accession number D63836 and
D63837, respectively. For the reference, the following sequences were used: Agrobacter-
ium tumefaciens, M11223; Azorhizobium caulinodans, D11342; Azospirillum lipoferum,
M59061; Bartonella quintana, M11927; Bradyrhizobium japonicum, D11345; Brevun-
dimonas diminuta, M59064; Brucella abortus, X13695; Brucella canis, 1.37584; Brucella
melitensis, 1.26166; Brucella neotomae, 1.26167; Brucella ovis, 1.26168; Brucella suis,
L26169; Devosia riboflavina, D49423; Erythrobacter longus, M96744; Legionella pneumo-
phila subsp. preumophila, M59157; Magnetospirillum magnetotacticum, M58171; Mesorh-
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izobium loti, D14514; Mycoplana dimorpha, D12786; Ochrobactrum anthropi, D12794;
Paracoccus  denitrificans, X69159; Phyllobacterium myrsinacearum, DI12789;
Phyllobacterium  rubiacearum, DI12790; Rhizobium galegae, DI11343; Rhizobium
leguminosarum, D12782; Sinorhizobium meliloti, D01265; Sphingomonas paucimobilis,
D16144.

Results

16S rDNA sequence analysis. 1In this study, we analyzed two independent clones
each of PCR-amplified 16S rDNA from IFO 12950 and IFO 13694. The DNA sequences
of clones originating from the same strain were identical. The determined 16S rDNA
sequences of both strains ranged from position 29 to position 1524. The initial
phylogenetic analysis, including representatives of the different subclasses of the
Proteobacteria, showed that IFO 12950 and IFO 13694 belonged to the «-2 subclass (data
not shown). Their precise positions were investigated by including representative species
of the -2 subclass. The phylogenetic tree reconstructed by the neighbor-joining method
and the K,,. values shows that TFO 12950 and IFO 13694 clustered with the genera
Brucella and Ochrobactrum (Fig. 1). This grouping was supported by a high bootstrap
confidence value of 98.4%. IFO 13694 was closely related to O. anthropi LMG 33317,
with similarity values of 99.9% (Fig. 1 and Table 1), whereas, IFO 12950 occupied an
independent position in the Brucella-Ochrobactrum cluster. The close relationship
between the genera Brucella and Ochrobactrum was also recognized.

DNA-DNA hybridization. The results of DNA-DNA hybridization experiments
divided the strains into three groups; the first group consisted of IFO 12950, IFO 12952
and IFO 12953; the second, IFO 12951, IFO 13694, and O. intermedium LMG 3301"; and
the third, O. anthropi LMG 33317 (Table 2). The levels of DNA relatedness were
comparatively high among IFO 12951, IFO 13694, O. anthropi LMG 3331", and O.
intermedium LMG 33017. IFO 13694 exhibited the species level of DNA relatedness (i.
e., > 70% relatedness) with O. intermedium LMG 33017 and IFO 12951. However, IFO
12950 showed the low hybridization levels (below 37% relatedness) with IFO 13694, O.
anthropi LMG 33317, and O. intermedium LMG 33017

Discussion

The genus Ochrobactrum, of which O. anthropi is the type and sole species, was
established for the strains of CDC group Vd by Holmes et al. (6). It has been suggested
that O. anthropi is heterogeneous and separated into two groups of strains (referred to as
hybridization groups 1 and 2) by DNA-DNA hybridization studies (6). The classical
morphological and physiological tests (6, 20) could not distinguish between the hybridiza-
tion groups 1 and 2. Recently, Velasco et al. (20) found that hybridization group 2 could
be discriminated by PCR with specific oligonucleotide primers and proposed O. inter-
medium for this group. Phylogenetic analysis based on 16S rRNA sequences showed that
IFO 13694 was closely related to the genus Ochrobactrum (Fig. 1). The results of DNA-
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Brevundimonas diminuta
Sphingomonas paucimobilis

Erythrobacter longus

Azospirillum lipoferum
Magnetospirillum magnetotacticum

Legionella pneumophila subsp. pneumophila

Escherichia coli

Phylogenetic tree derived from 16S rRNA sequences for IFO 12950, IFO 13694, and related
organisms. Escherichia coli and Legionella pneumophila subsp. pneumophila were used as
the root organisms. Scale bar=0.02 K. in nucleotide sequences. The lengths of the vertical
lines are not significant. The numbers on the branches refer to the confidence limit
(expressed as a percentage) estimated by bootstrap analysis with 1000 replicates. Confidence

limits less than 60% are not shown.
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Table 2. Levels of DNA relatedness.

% Reassociation with DNA from:

) — o~ o < = —
. e} 'a} << o
Strain o X § § § & @
N - - - - @) O

o
= £ 2 £ B 3 3
IFO 12950 100 8 70 65 29 32 37
IFO 12951 16 100 18 15 101 97 78
IFO 12952 92 13 100 82 29 34 35
IFO 12953 92 14 85 100 31 30 32
1IFO 13694 8 86 8 11 100 96 65
Ochrobactrum intermedium LMG 33017 93 100 62
Ochrobactrum anthroopi 1LMG 33317 62 67 100

DNA hybridization (Table 2) and API 20 NE tests (BioMérieux S.A., Marcy-I’Etoile,
France) (data not shown) indicated that IFO 12951 and IFO 13694 were strains of O.
intermedium. The strains hitherto included in the genus Ochrobactrum were isolated
predominantly from human clinical specimens (6, 17, 18), whereas IFO 12951 was isolated
from silkworm larvae (12). This is the first isolation of a Ochrobactrum strain from
insect.

IFO 12950 occupied an independent position within the Brucella-Ochrobactrum
cluster, equidistant from both Brucella and Ochrobactrum (Fig. 1, Table 1). IFO 12950
exhibited the species level of DNA relatedness with IFO 12952 and IFO 12953, but not
with other species examined (Table 2). Therefore, the taxonomic status of IFO 12950,
IFO 12952, and IFO 12953 remains unknown and will be discussed elsewhere in future.
These three strains are distributed by IFO under the tentative identity of Ochrobactrum sp.

As shown in Fig. 1 and Table I, the genus Ochrobactrum is closely related to the
genus Brucella. The 16S rRNA sequence similarities among the genera Brucella and
Ochrobactrum were higher than 98.7 % (after exclusion of hypervariable regions, see
Materials and Methods). Their close relationship has previously been indicated by DNA:
rRNA hybridization studies (2) and 16S rRNA sequence analysis (21). From the
phylogenetic point of view, the genera Brucella and Ochrobactrum may be combined.
However, the genus Brucella is a well-known organism that needs biosafety level 3
precaution and causes infectious disease of the genitourinary tract in domestic and other
animals and of the reticuloendothelial system in humans, as known brucellosis, febrile
illness (9). Therefore, the genera Brucella and Ochrobactrum should not be combined in
one genus until the taxonomic merit of so doing is clear, because it may cause practical
confusion.

We are grateful to Laboratorium voor Microbiologie, Universiteit Gent (Gent,
Belgium) for kindly supplying cultures of the genus Ochrobactrum and to Dr. Kazunori
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Hatano (Institute for Fermentation, Osaka) for his valuable suggestions and encourage-

ment.
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Preservation of Yeast Cultures by L-drying:
Viability after 15 years of Storage at 5C

Kozaburo MIKATA

Summary

All yeasts kept at the Institute for Fermentation, Osaka (IFO) are processed by
L-drying for long-term preservation. In this study, 100 strains for which cell
survival had been counted after preservation for 5 years at 5°C, were examined after
preservation for 14-18 years at 5°C to determine whether the rate of decrease in cell
numbers observed in the first 5 years was maintained thereafter.

The numbers of surviving cells observed after preservation for 14-18 years at
5°C were compared with those of three tests: an accelerated test of 30 days at 37°C
immediately after preparation, an accelerated test of 60 days at 37°C, and a test after
5 years of storage at 5°C. The coefficient of correlation for each test was between
them were respectively 0.922, 0.880, and 0.951. The low correlation coefficient for
the accelerated storage test of 60 days at 37°C showed that its conditions are
excessively severe compared with those of the accelerated test of 30 days at 37°C.
The high correlation with the value after 5 years of storage at 5°C indicated that the
death rate during 14-18 years of preservation was lower than that for the 5 years
immediately after drying. The number of years required for surviving cell numbers
to reach the value of 10* CFU/amp., which is estimated to be the safest number for
the renaturation of surviving cells, was predicted based on the assumption that
surviving cells would decrease at the same rate as in the first 5 years at 5°C.
Twenty-six of the 100 stocks were calculated to reach 10* CFU/amp. in less than
15 years. But the number of stocks which actually realized a value below that was
less than expected, namely, 4 strains, Ambrosiozyma cicatricosa 1FO 1846, Arthro-
ascus schoenii IFO 1579, Leucosporidium antarcticumm 1FO 1917, and Sporo-
bolomyces holsaticus IFO 1109. The results revealed that these samples preserved
at 5°C underwent only a minor decrease in the number of surviving cells during the
periods of 5 and 14-18 years. It was suggested that stable numbers of surviving
cells could be maintained provided no changes occurred in the preservation condi-
tions.

Keywords: long-term storage of yeast, liquid-drying, accelerated storage test

General methods of long-term storage of microorganisms are freeze-drying, liquid-
drying (L-drying), and freezing at —80°C or —196°C, all of which enjoy satisfactory
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records of preserving effects.

L-drying involves vacuum-drying of samples from the liquid state without freezing.
It differs from freeze-drying in achieving drying through evaporation, while freeze-drying
is drying through sublimation. Cell deaths caused by drying, however, are supposed to
be affected not by dehydration, but mainly by the degree in which residual water is
dehydrated (2).

Samples of surviving bacterial cells after 5 years and 20 years of preservation at 5°C
have been examined. It is reported that a preservation for 5 to 20 years is possible with
only a slight decrease in surviving cell numbers (8).

The method of L-drying has been successfully applied to the long-term preservation
of yeasts (1, 3, 5 and 7). All the yeasts maintained in the IFO yeast collection were
L-dried and have been preserved in a cold room at 5°C. In this study, viabilities of the
dried cultures of strains which had been preserved for 14-18 years at 5°C were examined
and compared with those predicted by the accelerated storage test reported in the previous

paper (5).
Materials and Methods

One hundred strains belonging to 54 species in 23 genera, shown in Table 1, were
L-dried by the standard method described previously (1) and stored in a cold room at 5°C.
Two of 18 ampules of the dried cultures which had been preserved for 14-18 years were
rehydrated. Viability was determined as reported previously (1).

Viable counts per ampule were determined and survival values were expressed as
percentages of surviving cells relative to the viable counts after preservation for 14-18
years.

Results and Discussion

The survival rates of 100 dried yeast cultures after preservation for 14-18 years at 5°C
are shown in Table 1. The table also shows the survival rates immediately after drying,
in the accelerated test, and after preservation for 14-18 years.

Variation in the number of surviving cells made it possible to classify the specimens
into three groups. Group A consisted of 76 strains which had good resistance to drying
and excellent preservability: the viability immediately after drying and after storage for 15
years of at 5°C, and the viable counts after 5 years and 15 years at 5°C were practically
unchanged. Group B consisted of 20 strains which had a weak resistance to drying but
good preservability: the viability was less than 10% in the above periods, and the viable
counts after 5 years and 15 years at 5°C were practically unchenged. Group C consisted
of 4 strains which needed to be rejuvenated: the viable count after five years at 5°C or 15
years at 5°C being lower than 10* CFU/amp., the safe value for renaturation.

The viable counts after storage for 15 years at 5°C were compared with results of other
three tests, i.e., an accelerated test of 30 days at 37°C immediately after preparation, an
accelerated test of 60 days at 37°C, and a test after 5 years of storage at 5°C. The



73

Viability of L-dried Yeast after Preservation for over 15 years

dnoin

0,$ e uoneatasaid

D,L€ 18 uoneAtesaxd

Suikip 1oye  Furkip o10j0q

(9, anjea [eajains) oindwe 1ad N30 Fo1

sIeak ofens ‘oN Odl

A4 wiore (zder9 (929099 (S62)5S9 (919 0L 80°L 91 1 7981 421D $n220001dA47)
v Toery @O8LY (80 8L IN  (@Ds6r 889 S1 443 Sn1420 "YeA Snp1qIp sna20201dA4)
v (6L)60L (LS1)8EL (sereL9 IN @€zl 618 L1 , 2601 pLDUIA DPIPUDD)
\4 (cLnere WwsaieL  (esnorL (0sadoeL 00S)09L 064 91 1761 SIIDS.L24 DPIPUDY
\4 oL OwosL  (eLst @89tsL (1'T9)syL 6L LY 1 8LSI D$0]AX0q.40S DPIPUL)
v Cvs9 (0859 (€6)859 (9T 1LY (991)€89  19L L1 . 2861 IDLDUDIUDS DPIPUDY)
v @y (€L)899 (L0)89°¢ IN (e s69  €8L 4 . Legl snud pipuv)
d @oory WoLor  F00LYE (00)L9E  (8L9IES  LOL L1 1 62L0 usadojoyud vpipun)
\4 ez (09259 (6 €L9 IN  @8Pe9 808 i L et D2142]U2SIUL DPIPUD)
\4 aoiss  (6DsKS (T sy IN (€19059  8I'L LT 6960 DI1LIUISIUL DPIPUD))
\4 wnies  (9e€ry (€079 IN OzZDLLy  99L Sl TEVO A4fay vp1pub)
\ L1z (0697zs  (1'8%)908 (8'1L)€T8 (289178 88 LT €161 HpuouL NG vpIpuv)
\4 @9 169 (1'5)8L9 (08)869 (renoTL (8T9)08L 808 91 6l usijay212 vp1pun)
g 90sTs  @WrlL wozes IN  (98DSLL 15°8 4! , 1601 DSU2AIP DPIPUD)
v (o9ngoL (Lot  (@eDvlL Lrediel WLDoEL  98°L Ll 1 6560 DIqo] 3102 vpIPUV)
g wosro (D re9 (9°0) 809 IN eDeve €€'8 4 L TP9I SIsudUIng OPIPUL))
v (€¥1) 699 (S €L (T6)0s9 (9LD8L9 (€IOE0L  vSL 91 $£001 nuptoq vpipun)
\4 (zg9)8g9  (1'9)9L'9 SoLys @9ss9 (SoD669  L6L L1 L961 nup1oq vpipun)
v (0o9)esL (rsvIsL  @spigeL @edevl (918 19L 118 L1 vL61 SUD21q I DPIPUL)
g sroysgy (o) iLy (To)oo's IN  (vzey 1L 91 1 S8SI1 SRUDISA2ISND SaoAuounitog
S| @ness o ers (9°0) L9°S IN 8DvIL 061 91 8790 SIsua]jaxmAq saokuouvyaLg
A4 (c0)oos (€995  (s0000v (TD8ES UPLES — 0fL L1 L681 Stnjja1 vuidzorxty
O (10000807 (1000)80C (LO0O®IZ6T (4O0I89E  (TDII'S  80°L 4 6LS1 HU20YIS SROSDOUILY
\4 Weso9  (9L)0¥9 @609 (6999 (€LDILY9  TSL 81 1 8¥8I SISUGUDAD] SNISDOLYLLY
g Srooey (o Los  (@oLoy (ToLos @IL9  LLL 91 5961 piodsouout vuidzorsoiquiy
0 (5000 69€¢ (TO6Ty  (500)69€ (800)68€ (€TVSES 669 81 9¥81 DSOILUYDILD DUAZ0ISOLqULY
sieok ¢ SIB3A § sAep 09 sAep O¢

se100dg

uoneAlssaid 1918 SAININD JSBOA PALIP-T JO SIIBI [BATAING

‘I 319BL



Kozaburo MikaTa

74

R T ol =2 R S O o R R T T R R R R - o= I = B i

(100°0) 88°1
(868 TSL
re)9z9
00 +9°¥
oniss
(10) e8¢
(0ss) 8¥'L
(o egs
(9168
(re) o9
(T61)0g'L
(To)sLy
Loy
(CRARRNS
(6¥1)9L9
reers
(v ere
(Y vv9
(6'5) 88°S
(Tog) gL L
(6svsL
(Tenere
(6'1)99°¢
€ szL
(61) €L9
@DIry
L0) 89y
(50) 60°S
02109

(000 0¢z  (1000°0)00'1

(s68) LY.L
(re1) 89
(80°0) 66+
(TD 19
(ro)zsv
(z6S)TS'L
(e eco
(r'0)8T'S
(6'9) ¥$°9
Ty ov'L
(80°0) 8¢
6D 9y
r'9) 0s°S
(6'91) 289
D) €os
(rsy)si.
(L9)ss9
(428749
(8'91) 8%'L
(97£) 98°'L
(€0 0L
(T¢)88's
(6L ¥I'L
(TenvrL
(€e)9g9
(X 2204
(zTo)89v
9D 16°S

(0'z1) 00°L
(0'6) 899
(1'0) 80°s
(D vss
(o) osv

(ev€) 8T'L
(9°0) 65°S
(Lo)ess
Leyov9

(IénocL

(500) L1V
(8'0)sTy
(09 or's
(9'6) 859
coiry

(£5€)00L
(€¥) 9g9
(s°€) 59°¢
e
(1'D 999

(100) vO'v
aaoLs

(wenLiL

(Lsnere
(L2879
(€0 vey
(9°0) ¥I's
oniLs

(zoo)zie
(061) 0T'L
(T11)8L9
LN
(re)zeo
(0D €8s
(I'620) 0T'L
IN
(8%)LE9
(Fo1) €L9
L8 L¥L
(o) 6v'v
(8°0)sT¥
IN

r91) 189
IN

(96€) S0°L
IN

IN
(s8)81°L
WL
(424
IN

(€60 €L
(ToD vo'L
(09) £9°9
(90) ¥9'¥
IN

IN

(coocy
(19 pSL
(Ty1) 889

(€D oz9
(0z1) L89

(8'¢)ov9
L) seL
(9°01) ¥8'9

(8'6) 899
(6'91)v6'9
(€Ly) 69°L

(TD LSS

(6'¥) v0'S
(091) 06°S
('92) 00°L
(eensLs
(oLr)vi'L
(¥'61) 00°L
(119
(TTs)ie'L
(Ls9)vi'g
(€ov) 1LL

CEINIE"
(rie)seL
LLosyL
(T yI'L

@nirs

9v) v0'9
(rop Lo

89
6L
ELL
80'8
08'L
£8'L
YLL
18°L
69°L
L
10°8
6v'L
9¢'9
0L9
6S°L
§9°9
9L
eL’L
1L
§T8
ye'8
S0'8
8¢°L
68°L
¥0'8
S8°L
98'9
8¢°L
ILL

Ll
L1
L1
St
91
91
L1
4!
4!
Ll
L1
81
Ll
4!
L1
14!
91
91
91
81
81
81
91
Ll
Ll
91
91
14!
4!

L L161
9¢61
7020
9660
881
€881
2061
IS10
15001

L 9681

L Y061

L LY8I
€1L1

L 6091

it
0SL1

L 8VLI
16S1
£9€1
TSLI
1SL1

L L18I

L 65€1

| £€61

L 6L61

1 0920

L €981

L6STI
ZELO

wno1o431up winipriodsoonny
plauIALW DOPUOY

121Uy O DIDWDPOY

sniodsdjod saofwosoadnyy

nffoyd saodwosaadnyy

nffoyd nwub.&oxwiﬂék

s1790] s20Awo4244n1y]

poodo( viayoaory

pndixa “IeA DIDININOS DINUYIIDSS]
pn31xa "IeA DIDININOS DINUYOIIDSS]
SIDIUBPIII0 DIYUYIIDSS]
snwojua]iyd SROSPOULIOE]
potuodo! svmv3asvry

votuodo! svmv3asvry
npuowIng viodspiussuvgy
1u1a vjjasdoofuopusy

14 vpjasdoofuopuy

pppUouD VI2YYI(J

snydiowdjod saodiuodivgaq
nuasuvy saofuolinqaq

nuasuvy sasuwolivqay

11142pnod saoluolirqacy

11121500 saoduolivqag
urmpu-ouLaful wn1p1spqogfoIsdy
Snurpuw sno20201ddL)

snjoonuny sno20201dAL)
avuuzwp sno20o01dAi)

SmIpAIND SN220001dAL)

smpano sno20201dAL)



75

Viability of L-dried Yeast after Preservation for over 15 years

<cmadcc<cn < mgc gt cpmd L LOCLC <AL

(zo)ss's
(8'91) LOL
(s0) 6z
(6'€s) €sL
(9¢) 6%
(S19) 15°L
(0L1) 659
(€0)98'v
9996
(L'86) s6'L
(T6) v6'9
#o) LSS
(ozy) 9¢'L
(621) 00°L
(s0)9r°s
(00 viL
(0'%) 9¢9
o ses
(L'91) 089
(6'1) 65°S
#18°s
(rse)esL
¥00) 6T¢
(¥'95) 89°L
(s0)0s's
(r'0)89F
(s'0)98'¥
(s00) 10%
(s'Z1) 899

(9°0Y 009
(911) 169
(s zes
(9'9S) ¥S°L
6D r8v
(660 8T'L
(821) 8%'9
#0)v0'S
(gLyszo
(s'68) 16°L
(LsnvoL
(9°0) 18°S
F9e) 6T°L
(8) LS9
Lnses
(s61)STL
(T¥)8¢c9
(Tr)09's
(L61)889
(60) LTS
LSS
(I'ze)6vL
(€0 0) vI'y
19 ¥sL
o) ocs
(€0) €Sy
(To) 6v'y
(500) 86'¢
L1 s99

o ees
(88)8L9
(8'0)zs's
1) 1¥L
(80 €TH
(s'68) O¥'L
(o€ €L9
(Lo)ocs
(+'0) 00°S
(169) 08°L
(0'L) 289
(o) zes
(8LE)1€L
(s0)65°S
(90) 6¥'S
(s12) 0¢'L
0 ¥e's
(8°0)88¢
L'T1) 699
Loyrs
(€0 o6y
(T02)8T'L
(¥00°0) 8T'€
(611) SS'L
o) ocs
(60°0) €8°¢€
(To) 6v'y
(s0) 861
(To1) 659

o) v8's
(1'€1) 969
IN

(g6¥) 6v'L
G091y
(9 Ry
(s'91) 859
Loyies
IN
(5°08)98°L
(#'01)66'9
(soyeLs
(9°69) L¥'L
@ vL9
(8'8)¥9°9
($'60) ¢v'L
(T1) 8¢9
IN

(61 sL9
(1'9) 809
(s'1) 095
('8 ev'L
(800°0) 95°¢
(1've) 9v°L
(8°0)L9S
(1o)sov
(€0)L9¥
IN

e Lo

9D e6r9
(670 0TL
(T01) €99
6'LSYLS'L
(68) ze's
(0'zL)99'L
(1812299
op) 119
CaaaXIn"
(1'98) 68°L
Ty ive
(L) vl
(655 8¥'L
(o8 v1'L
(Le1n)ooL
(T 65'L
(Tr1) 169
911 ¥0°9
(€52 669
(I'61) 659
0€)06s
(6zs)oLL
e v
(0Ly) 09'L
(Trmoss
(To) vy
(8°0)80°S
(TeIsLs
(691) 089

§T'8
8L
9L
08°L
0¥'9
08°L
9¢’L
9L
ov'L
96°'L
L6°L
0’8
eL’L
68°L
wi
96'L
9L'L
869
85°L
0L
L
86'L
99°L
£6°'L
LL'L
SO'L
0TL
8TL
8S°L

81
81
4!
LY
91
81
Ll
L1
91
Ll
L1
91
L1
4!
14!
81
14!
81
Ll
14!
91
81
14!
91
Ll
Ll
L1
91
L1

1781
6€81
£5€0

L 0€61
2L90

L 8€81
0561

1 20001
zest

L 2161
Z€001
6550

L Lg6l

1 8080
09%0
8L

L ELLO
5060

L €6L0
6201

L 91001
€6L1
el

L 1481
9761

L 16l

L 0261

L 6821

L €261

SDIUBPIO20 S2OAUOIUUDMY IS
SDIUBPIOI0 SIOAUONUUDMYOS
SnL0dS50190 $22AUL0.40YIIVSOZIYIS
saprodovp vryon3vyns
stnsdpo s18dooduoioyoo0g
112ZDA43S §I2AUOIDYIIDS
aDIS142409 SIOUODYIIDS
DSO1U23UI DINIOIOPOYY
suanyffip vinio1opoyy

pnop ppniojopory

sap1opn.io] wnipriodsopoyy
sap1ojnioy wnipriodsopoyy
wndavo049vyds wnipriodsopoyy
psojnotjjadans viyord
Sua1onforuniquan piyYolJ
winnxnyf viyorJ

wnnxnjf piyorq

1442410 vIYO1d

144915 v1yorgd

Hpoquiyd viold
av.ioydo3up viyorg

1ud vav30

1urd pavy30

1501G179Ul PUAZOXAPY

11S2Y0]S DIYDIN

DpI23 DI

DpI31LY DI

1day4m1s saoluwodrT

1277008 wniptiodsoonvy



Kozaburo MikaTa

MM << << <@ <<

($'11) 669
(9°02) 96'9
(09)89°¢
(9°7€) L99
ro)ocs
(€D LE9
(52099
(1) 56'9
(s8D) IS°L
(Ton)sL9o
(9'12) LE9
(re)ers
(To ey
(ro)8re
(L0)09v
(IrDogs

(s01) ¥6'9
(T vL'9
@i vo9
(820 Ts9
(50 o¥'s
0v) 199
(€2 $59
(s'0€) 269
(081) 0T'L
(1'¢1) 989
(T'L1) 829
(09) 8%
(S0 L9Y
woiLe
ro)scy
#2069

(0'6) .89
0% sT9
(8°0)88'¢
(TeTs
(0'v) 0g9
(0 ze9
(L'0) ¥0'9
(62H) 80°L
Fze)8TL
(1'81)00°L
(6'€£) 559
(0'v) o€’
(10)86°¢
Fe)ooy
(€0 sty
(82 sLs

(¥'8) $8°9
(19) ¥¥'9
IN
(8°9)26'S
IN

o) 69
anvee
(8°8%) €1°L
wonoreL
(6v0) el'L
(T9y) 699
IN

IN

IN

IN
ozre

(6'82) 8¢'L
(001) 599
(s'08) sv'9
(8'88) IT°L
(r'e) z89
(6'5)8L9
90 199
(Ter) 80°L
(0'8¢) 'L
(068) ¥E'L
WLv) 1L9
(091) 06°S
L) v8's
@)Ly
(co)sey
oz ov9

£6'L
S9'L
869
91I'L
oLL
10°8
0T’8
St'L
£6'L
vLL
£0'8
0L9
869
8¥'S
8L°9
[eL

81
81
91
L1
91
4!
81
81
81
Ll
Ll
81
Ll
14!
14!
81

ILL
€181
0Z€£0
zeLl

. 8601
£9001
0zL1

L VT8l
9L

L ¥8s1
6€L1
LEOT
1L¥0
6011

L P01
S8l

vo1Liofippo sisdoljimo3dz
13104 §22AU0DY200$0347
13104 S20AU0DYI0DS03(T
S1710ul S20A10.40Y2IDSOBA7
1110q $204u040Yoo050347
sidus vudzopowp [

siduns vwdzopouw

pipaut puwdzopoun ]
snungos sisdoniiy
aDI1SSD4q UOLOdSOYILL]
1yoan.qap viodsviniog
Snaso4 sa24ut0joqo.ody
snasond saoduojoqolods
snoyvsjoy saakuiojogoLods
snoypsoy saaduojoqoiods
£0]021UOUIDS SNJOqOIPIL0dS



Viability of L-dried Yeast after Preservation for over 15 years 77

correlation between viability after 15 years and that indicated by each test was respectively
0.922, 0.880, and 0.951. The low correlation value for the accelerated test of 60 days at
37°C showed that its condition are excessively severe compared with the test of 30 days.
The viable count of accelerated testing for 30 days at 37°C was similar to that of storage
for more than 15 years at 5°C. The high correlation with 5 years of storage at 5°C showed
lower death rates in 5-15 years than in the 5 years immediately after drying.

Four strains, i.e., Ambrosiozyma cicatricosa TFO 1846, Arthroascus schoenii TFO
1579, Leucosporidium antarcticumm 1IFO 1917, and Sporobolomyces holsaticus TFO 1109,
showed viable counts lower than 10* CFU/amp. However, these strains could be
preserved for another 15 years if they were recultivated. As for the remaining 96 strains,
their death rates were found to be equal or lower during 5-15 years at 5°C, compared with
that in the first 5 years immediately after drying. It was suggested that they could
maintain stable viable counts if no changes occurred in preservation conditions. As a
criterion for recultivation, those strains with 0.1-1.0% viability in accelerated storage tests
should be reprepared after 15 years, and those with rates of less than 0.1% which required
special attention, should be reprepared in less than 10 years.

Although stable viable counts were obtained in the above cases, strains less tolerant
of L-drying were investigated with regard to a method to improve viable counts. For
basidiomycetous yeasts, growth media were examined. And for ascospore-forming
ascomycetous yeasts, L-dried samples of were prepared and their viable counts were
measured.

Examination of growth media for cells: When cells of basidiomycetous yeasts on
YM agar culture media (glucose 1%, peptone 0.5%, yeast extract 0.3%, malt extract 0.3%,
agar 1.5%) were L-dried, viability in accelerated storage tests was less than 0.2%, which
implied poor prospects for stable long~term storage. Therefore, viable counts were
examined for L-dried cells that had been grown on PDA agar media (potato 20%, glucose
2%, agar 1.5%). The results were compared with those of YM media (Table 2).

Among the eight basidiomycetous yeasts in accelerated storage tests, three Holterma-
nnia corniformis strains and one Udeniomyces megalospora strain showed a strikingly
improved viability by adopting cells grown on PDA media. Four other strains, Bullera
globospora, B. sinensis, B. variabilis, and Rhodotorula bacarum, were able to increase
their survival value by 1.6-16.6-fold, which indicated they could be preserved for a long
time.

Examinations of ascospore L-drying: Among ascomycetous yeasts, two types were
L-dried and their survival rates were examined. One was vegetative cells which were
grown on YM agar media cells Kluyveromyces, which had a weak resistance to L-drying.
The other was which had ascospores grown sufficiently for 14 days after transferring the
cells grown on YM agar medium onto ascospore-forming medium (potassium acetate 1%,
glucose 0.1%, yeast extract 0.05%, agar 1.5%) (Table 3).

Two strains of Kluyveromyces blattae ITFO 10599 and IFO 10600, and K. yarrowii
IFO 10608 had their survival value raised by 5-46.9-fold through forming ascospores. K.
lodderae TFO 10605 and IFO 10606 did not show much difference between the YM
medium and ascospore-forming medium because ascospores formed sufficiently on YM
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Table 2. Effect of preculture medium on viability of the basidiomycetous yeasts.

Log CFU per ampule (survival value %)

Species IFO no. Medium before drying _after drying preservation at Rate

37°C, 30 days

Bullera globispora 107537 YM 5.78 431 (3.4) 2.98 (0.16)

PDA 7.00 6.04 (11.0) 5.08(1.2) 7.5
Bullera sinensis 10757 YM 7.26 6.17 (8.3) 4.88 (0.42)

PDA 6.90 598(12.0) 5.83(8.6) 16.6
Bullera variabilis 107587 YM 7.20 5.83 (4.2) 3.98 (0.06)

PDA 6.93 4.77 (0.7) 3.93(0.1) 1.6
Holtermannia corniformis 10742 YM 7.30 5.56 (1.8) 3.78 (0.03)

PDA 7.85 6.72 (7.5) 6.26 (2.6) 86.6
Holtermannia corniformis 10744 YM 7.53 6.21 (4.8) 4.00 (0.03)

PDA 7.91 6.96 (11.0) 6.82(8.0) 266.6
Holtermannia corniformis 10745 YM 7.40 5.63 (1.7) 3.40 (0.01)

PDA 7.64 6.76(13.0) 6.64 (10.0) 1000
Rhodotorula bacarum 10768 T YM 7.67 6.51 (6.9) 4.45 (0.06)

PDA 7.53 6.21 (4.8) 5.50 (0.92) 153
Udeniomyces megalospora 10754 T yM 6.11 341(0.2) 1.11 (0.0001)

PDA 5.78 3.08(0.2) 2.68(0.08) 800

Table 3. Viability of vegetative cells and ascospores of Kluyveromyces.

Log CFU perv ampule (survival value %)

Species IFO no. Medium Spore before drying  after drying %r-?féf‘;%lgzyf Rate
Kluyveromyces blattae 10599 T YM  +w 7.67 5.75(1.2) 5.29(0.4)
PA ++ 6.99 5.61 (4.1) 5.52(3.4) 8.5
Kluyveromyces blattae 10600 YM - 7.27 426 (0.1) 3.44 (0.02)

PA ++ 6.43 4.45(1.0) 3.51(0.1) 5.0
Kluyveromyces lodderae 10605 YM  ++ 7.98 7.72(54.3) 7.51(33.9)
PA  +++ 7.33 7.08 (55.3) 7.08 (55.4) 1.6

Kluyveromyces lodderae 10606 T YM  ++ 7.93 7.62 (48.2) 7.42(30.6)

PA  +++ 7.03 6.85(66.2) 6.77 (54.4) 1.8
Kluyveromyces yarrowii 10607 YM - 834 6.91 (3.7) 6.19 (0.7)

PA - 7.05 4.89 (0.7) 4.20(0.1) -
Kluyveromyces yarrowii 10608 T ™ - 8.03 6.78 (5.6) 6.02 (1.0)

PA + 6.79 6.62 (68.6) 6.45(46.9) 46.9

medium. K. yarrowii IFO 10607 did not form ascospores due to being a haploid strain,
but rather had a decrease in its viability because it was left on ascospore-forming medium
for a long time. These facts showed that ascospores are resistant to drying. It became
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Table 4. Viability after L-drying and freezing.
Viability, log CFU per ampule (survival value %)
Species IFO no. Ldrying -80°C freezing -
before preservation at before preservation at
drying 37°C, 60 days drying -80°C, 2 years

Ambrosiozyma cicatricosa 1864 T 6.99 3.69 (0.05) 6.53 6.10 (36.8)
Ambrosiozyma monospora 1965 7.77 4.07 (0.02) 6.49 6.00 (32.3)
Ambrosiozyma monospora 4841 6.61 2.91(0.02) 6.62 5.99 (22.4)
Arthroascus javanensis 1579 T 7.78 3.62 (0.007) 7.26 6.76 (31.5)
Ashbya gossypii 0560 6.78 0 5.00 4.68 (48.0)
Ashbya gossypii 1355 6.93 0 5.00 4.88 (75.0)
Brettanomyces bruxellensis 0628 7.90 5.68 (0.6) 8.01 7.74 (53.7)
Brettanomyces bruxellensis 0629 7.73 4.73(0.1) 7.80 7.35(35.4)
Brettanomyces bruxellensis 0677 7.85 4.85(0.1) 7.90 7.58 (47.3)
Brettanomyces bruxellensis 1587 7.33 4.63 (0.2) 6.94 6.52 (38.6)
Brettanomyces custersianus 1585 7.70 5.00 (0.2) 7.45 7.22 (58.8)
Candida boidinii 1967 7.97 5.67 (0.5) 7.83 7.44 (45.4)
Candida buinensis 1642 T 8.33 6.11 (0.6) 8.12 7.58 (28.7)
Candida diversa 0861 7.93 5.83 (0.8) 8.12 7.54 (26.4)
Candida diversa 1085 7.91 5.76 (0.7) 8.05 7.53 (30.3)
Candida diversa 1091 T 8.51 6.35 (0.7) 8.26 7.91 (44.8)
Candida etchelisii 1229 7.68 5.98 (0.2) 8.14 7.83 (48.8)
Candida etchelisii 1592 T 7.67 5.52(0.7) 8.00 7.50 31.7)
Candida etchelisii 1595 7.98 0 6.61 6.60 (97.6)
Candida fructus 1581 T 8.14 5.14 (0.1) 7.30 7.17 (74.3)
Candida holmii 0660 7.54 4.54 (0.1) 7.44 5.39(0.9)
Candida holmii 1629 " 7.50 4.80 (0.2) 7.80 6.25 (2.8)
Candida mesenterica 0969 7.17 4.47 (0.2) 6.97 6.32 (22.6)
Candida mesenterica 1123 T 7.45 0 6.97 6.84 (73.4)
Candida pintolopsii 1313 735 0 7.21 6.68 (29.8)
Candida pintolopsii 1315 7.06 0 6.64 6.57 (84.9)
Candida pinus 1327 8.27 6.11(0.7) 7.95 7.78 (67.5)
Candida psychrophila 1532 7.29 0 7.57 7.31(55.1)
Candida psychrophila 1533 7.55 0 6.28 4.48 (1.6)
Candida sake 1515 7.74 4.74(0.1) 7.72 722 (31.7)
Candida sake 1516 7.80 5.58 (0.6) 7.72 7.48 (51.5)
Candida sake 1517 7.70 5.48 (0.6) 7.50 7.13 (43.3)
Candida sake 1518 7.69 5.39 (0.5) 7.58 7.31(35.3)
Candida sake 1519 7.88 -5.36 (0.3) 7.76 7.32 (36.2)
Cryptococcus albidus 1322 6.78 4.77 (0.8) 7.43 6.38 (8.9)
Cryptococcus curvatus 1159 T 7.38 5.16 (0.6) 7.34 6.57(17.1)
Cryptococcus dimennae 1863 " 6.86 4.34(0.3) 7.27 6.26 (9.7)
Cryptococcus humicolus 1527 8.31 4.61 (0.02) 7.40 6.93 (3>3.5)
Cryptokoccus hungaricus 1052 T 7.49 4.49 (0.1) 6.63 4.93 (2.0)
Debaryomyces coudertii 1381 7.67 0 7.45 7.20 (55.9)
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Debaryomyces coudertii 18177 8.04 4.04 (0.01) 7.61 7.35(54.6)
Debaryomyces polymorphus 1166 © 7.20 4.90 (0.5) 7.83 6.76 (8.6)

Debaryomyces polymorphus 1357 7.04 4.34 (0.2) 7.44 6.66 (16.6)
Dekkera bruxellensis 1590 7 7.79 5.63 (0.7) 7.78 7.26 (30.2)
Dipodascus ovetensis 1201 7.28 0 6.52 5.81 (19.6)
Hormoascus philentoma 1847 T 7.49 4.19 (0.05) 7.15 6.74 (39.2)
Kluyveromyces phaffii 1883 7.83 4.83 (0.1) 8.12 7.63 (32.4)
Kluyveromyces polysporus 0996 8.08 5.08 (0.1) 7.91 7.24 (21.5)
Leucosporidium antarcticum 1917 T 6.82 0.82 (0.0001) 6.90 5.70 (6.3)

Leucosporidium antarcticum 1918 7.73 1.73 (0.0001) 7.06 6.38 (21.1)
Leucosporidium antarcticum 1919 7.48 4.96 (0.3) 7.33 6.78 (28.3)
Leucosporidium scottii 1287 7.00 4.00 (0.1) 6.77 5.95(15.3)
Leucosporidium scottii 1304 8.25 5.25(0.1) 7.97 7.66 (49.5)
Lipomyces starkeyi 0678 6.70 3.70 (0.1) 7.27 5.38 (1.3)

Lipomyces starkeyi 1289 7.28 4.98 (0.5) 7.89 6.00 (0.8)

Mrakia frigidum 1851 7.49 4.49(0.1) 6.86 6.67 (64.4)
Mrakia frigidum 19207 7.20 4.50(0.2) 7.50 6.71 (16.1)
Mrakia gelida 1921 " 7.04 3.82 (0.06) 7.23 6.29 (11.4)
Mrakia nivalis 1852 6.17 3.47(0.2) 6.08 3.98(0.8)

Mrakia nivalis 1922 T 7.34 5.29(0.9) 7.40 7.07 (47.1)
Mrakia stokesii 1926 7.76 5.36 (0.4) 7.84 7.48 (43.7)
Nematospora coryli 0658 6.65 2.65(0.01) 6.86 6.40 (34.4)
Nematospora coryli 1220 * 6.65 3.95(0.2) 7.26 6.76 (31.5)
Ogatae pini 13427 7.66 3.26 (0.004) 7.55 7.10 (35.2)
Pichia angophorae 10016 7.43 5.38(0.9) 7.76 7.43 (47.0)
Pichia chambardii 1029 " 7.30 5.15(0.7) 7.75 6.64 (7.8)

Pichia fermentans 0815 7.83 5.13(0.2) 7.78 7.24 (29.0)
Pichia fluxuum 0773 T 7.75 5.35(0.4) 7.93 7.50 (37.3)
Pichia membranaefaciens 0457 7.80 5.40 (0.4) 7.93 7.49 (35.9)
Pichia membranaefaciens 0460 7.72 5.50(0.6) 7.83 7.50 (47.2)
Pichia membranaefaciens 0814 7.77 5.67 (0.8) 7.77 7.28 (32.3)
Rhodotorula acheniorum 10052 T 6.78 4.08 (0.2) 5.90 5.37 (29.0)
Rhodotorula auriculariae 10054 T 7.47 5.31(0.7) 6.88 5.50 (4.2)

Rhodotorula bogoriensis 1966 4.95 0 6.59 4.44 (0.7)

Rhodotorula glutinis 0391 6.00 3.60 (0.4) 7.18 6.95 (59.5)
Rhodotorula ingeniosa 10002 T 7.46 5.30(0.7) 5.78 490 (13.2)
Waltmyces lipofer 0673 7.02 4.47(0.2) 7.41 5.82 (2.6)

Waltmyces lipofer 1288 T 6.70 3.40 (0.05) 6.81 5.22(2.2)

Yamadazyma stipitis 1720 8.20 6.04 (0.7) 7.92 7.21(19.7)
Yamadazyma stipitis 10006 8.06 5.54(0.3) 8.18 7.74 (36.4)
Yamadazyma stipitis 10007 7.98 5.98(1.0) 8.12 7.61(31.0)

Zygosaccharomyces mellis 1055 7.93 3.23 (0.002) 7.41 7.21(62.5)
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clear that those among ascospore yeasts, of which vegetative cells were poorly resistant to
L-drying could be maintained for a long period by producing and preparing sufficient
ascospores.

Among the strains of which viable counts had previously been examined in L-dried
samples, 81 strains from 51 species in 23 genera were chosen for comparison of survival
rates, because they were poorly tolerant of L-drying in accelerated tests, with the rates of
less than 1%. Viable counts were compared between L-dried cells (3 and 5) and those
which were suspended in 10% glycerol, poured into a 2 ml serum tube (Sumitomo Bakelite
Co., Ltd.) in a volume of 1 ml, and stored frozen at —80°C (4 and 6) (Table 4).

It is shown that the viable counts of the accelerated test of 60 days at 37°C were
equivalent to those of 5 years at 5°C (5). Their numbers were found to decrease when
cells were repeatedly processed by freezing and thawing (4). The data of survival tests of
2 years’ freezing, which were obtained from preparations by repeating freezing and
thawing three times, showed four stocks with viability of less than 1%, namely, Candida
holmii 1TFO 0660, Lipomyces starkeyi 1FO 1289, Mrakia nivalis IFO 1852, and Rhodoto-
rula bogoriensis TFO 1966. But they were found to have survival values of 2.5-21.7%
when thawed 5 years later for the first time (6). This fact revealed that even strains which
had a weak resistance to L-drying could be preserved for a long period through frozen
storage at —80°C.

It was possible to preserve almost all yeasts for a long period by L-drying.
Basidiomycetous yeasts, which were poorly resistant to L-drying, showed increased viable
counts after pre—cultivation on PDA medium. Ascomycetous yeasts, which were also
poorly resistant to L-drying, showed increased viable counts through sufficient formation
of ascospores. Even yeasts in which no increase in viable counts was observed with the
above modifications were found to become suitable for long-term storage through freezing
at —80°C.
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FH, CofMedTosniERHRibBEOEEDES
BB\ 3 MEMENMECEEE T2 0D TH>
To. oA, A<M, WM, BT 013 OFRERE
BRELNTWE I CHEPTEBTE L A8, I
ELUTHESNALER, 25 CHRERL TE—DBEK
TREL TEHROEEL SRV I->TVEHDTH D
EWIBEESR, BOBREBLABEOEHIBT 5H%<
ORFEC Lo THSBIZEN:, ZDOI LR, VLY
BEEY FOMETH I Y TR, BEEB LU
BETHrASREREINZIECY R, $72
RERSFECDLI>TIKEL | ORI HER,
COBRBEROERD [KELE] twi—EOHE
HWThasZL2ELDT, BEEEE»D TR, K
BHLOTFH, ik EORFRIC DL THRL, BER
WMOEBZODWLTHIHEEI T oI, Z0ED, BE
BHEBERLMEMOMERE LT, BERE, §
WEER, PEOBEERES, BROEOEREZ Y
oWT, TATNEREHEEZLET AL, Zh
SOPFRT, REDCTEHFOBHE, 2 CEHOES
LRI, FRCEBLLBEDOD SO 2EEE S
BLT, ThoDHELRAWCRET 2 w5k
Eroni:Z b Thd, REOEMLFRIARE, 3L
BHIFI 3 CEHBRCET 2 008% 007288, Bk
KDy 88, W, e, Bk YEERTO7 2
JEBEEE LIERSOHBYZ OBETOEN, L
T T 7 —ENHEPAS / —VOMELEITHAS
h, BEO D8] 0OFERSELTO (a7
DER, BERTVI—LMBNZY v LB TRE
T3 [=) VBRG] ORRRESHD, %BFi
SUEDET7 —ENLVHORE, ERCEDRL TV,
U EREEOHEEFOBOFEEORBTH S,
KIEL10E» & 12 F w2 hiF T, Skid Rhizopus D
REEEYZY, bold o UORERMARORE
BHRoHLERE L, FORER, BH1E, k¥
BRI ETHRIN:. 2LTEORY, T4hb
BIEM 5 ERTRIE, HUEDIED, BARKBIEE

T R LR E Nz, ChoTER, TiICH
HEFEENEEOBTF L LTEE DY, Fli
BoTETENEZDTH LY, EELEED (DO
THU] FEOTHIBBERL IR TV,
FENINS OFEEHRD SN YBFOHFDOER
3, VEZL NDIARFF 27, FxIDNILINTIL
Wy, T4 —=YDT VT T4 F S8, BURNIZTUT
DEMBBEBOWMREHEDIEPVOILTH-> T,
BE, IhOOHRBVEED XY R X LOBMEHE
By 28Lird5Lil, BbELbhikholzl b
DZeThsd, REBHEYVOEED L LTEYIDT
OEHBOBZ 2HESh, okl THEZR
7z. ]

HEAYEEMa Ly Y g Y 3EBEEORRICE
HonicbOWE <, BRERELF LT AL
Hole, OB EMBNTE SLEFE, 1953 &
(BBF0 28 £F) B 2 W RZEIEHMEYFERT O
LA BB R R U7z, 1994 £E (B 6 4E), & D%
ATid &Fr 2 HERF S TS FERERCEE L,

5. ¥# ¥ (1879-1972)

AbdmEAR T c 4 h, 1892 4 (BAWG 25 4E), #LIR
BERICAZE, 1901 4 (B 34 ), EmERELL,
FRCIR, ERSEEE (BEEWER) CHBLT
WEYIREY 2 HW, ¥R, B ERB-TZ0D
geE L2 0, 1907 & (BHI 40 48), AR EILFE
KERBRF I 5 L R HEIRCEE L TRHEEE
RHE, 1915F (KE4E), ICHE¥EEORHRK
X o THEIRBCHE Lz, # DR, 1911 45 (HHE 44 4F),
BKEE AR, FAYVTE, N>/~ SETE
R CREEE, 74 7F e RETHEMEYE, £
1275 VAT, SR M= VRERCEDLEETE
LT, 19144 (KIE 34E) WRE L%, 1918 4 (KIE
7)), LEEFEARF ORI & > CTRIKEAFBED
ERizbHooh, BRERAETHCHAREESREDHE
Lokfid, 1941 (BEF016 5), EFEEEEAZ -,
BB OEF DV, BB EEH
gkl (1966) o ZD—EEH Y TLUTWSIHT 3,

[HEAEER, DBETRRIZT bR TR o7
IGCHEFEOMBLHE SN, FORBCRaIN- I
BAEw, TES L UBROMETCEL TiiktED
KA vEEDDOELY F. Lochnis 18 & D L FERFLE
Pk, MESOHFRERERERLY, TOFTY
Azotobacter AT AR EETH L. BRB LV
EEOMEMIFHE0EL2ESN- LIS T, B
EITH, FHB L UL, BEOTK, KEHON
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ARz, & SWHEEER (v v —9) e
LTHL < OENH Y, ZHTHNEHE LT s
T AMRIIELATDHS. BETHETR, 7IoEk
LB 7 a—-VEE R B WS N B Rhizopus
delemar ZFREOWTIC LD 1912 F, #OE¥EHMY
BRI, FEE L TRRINE, BEE
DOBROSEENHR THROEERC KX L EREE
Ehdz, KREZETIERBEARK MR, SEkER
ERICET B LTINS - T, bIEOKREME
MERCEENEEERaNT, ]

SHOILEEREEERAH) OV v a v ig,
HEERTIC & - TEOERINED &,

6. &

Lk, BROBAEZ BT 3MEDRREEEOHRE
Kotz VvFr—avryariiolc AR OEE
RFE LD, IThonavzyarid, HFOHE
BT BMEMFFEOWEZSNIOERRK LI RED
ODTH3B, FOERZ»b > EITFOR» CHIE
ZonTE, BEREESWENLEELEL 1250
DT, EYREFOESOERMSAE L, BE
HIZB U BORESEZ - ORESMZ sl
YHRERE S HAICHA X N B, ICRMEDE L
HEOEDLLZY, ROFTICE S L, EREERKD
H. Ahlburg #% (BTH) 231877 &£ (BHIL 10 ), #
HORMEHES (KEXERSOHE) MRETLELS
LI BB THEBREEEHEL 29, ZOF, L
A2 T b KE A William P. Brooks 18-+ (&2,
W) ORELMED 5Nz, Brooks IS0 HE ¥ M
W BEEDREPICW IO, BEAB T EYBEY
OFEE L THIs M 3 EH&EH-L (1860-1951) T,
AR R ZE L T8 5 CHEAREEERED SR
~HEE, KRE N — N FREANFEE, 1889 & (Hik
22 ), FIRBERERE L ko T BEEIR DR A
121886 &£ (BB 19 ) Thods, FEUE, EEZxE
E R R L 7o AL RRRE L (1863-1932) b
FHEMREEOBEE L L THIS B AT, ik
H b I ERE S EMEROCEME, 1899 4 (B84 32 ),
FAYEEDL SR> CHEREFEAEERARZEHR R
EL7z. WO T » 6 F A EYREEENHEH
L7z, ZRoDAZ DEHFCO>WTIE, fiH, #fE
FBEOEFL WL,

I, |ERRON IO ICHALHEDR
1. B8
Absidia butleri, A. coerulea, A. cylindrospora, A.

glauca, A. hyalospora, A. lichtheimi, A. orchidis,
A. ramosa, A. septata, A. spinosa

Acrostalagmus cinnabarius
Actinomucor repens
Allescheria boydiz

Alternalia circinans, A. tenuis
Armillavia mucida
Arthrobotrys oligospora
Ashbya gossypii

Aspergillus albus, A. atropurpuveus, A. aureus, A.

auricomus, A. awamori, A. batatae, A. caesiellus,
A. candidus, A. carbonarius, A. cellulosae, A.
cinnamomeus, A. citrosporus, A. clavatus, A.
conicus, A. elegans, A. fischeri, A. ferrugineus,
A. flavus, A. fumigatus, A. fuscus, A. giganteus,
A. glaucus, A. gymnosardae, A. japonicus, A.
luchuensis, A. medius, A. melleus, A. minimus,
A. mollis, A. nidulans, A. niger, A. ochraceus,
A. okazakii, A. owyzae, A. ostianus, A. par-
astticus, A. penicillopsis, A. pseudoflavus, A.
pulverulentus, A. rvehmii, A. repens, A. sulfur-
eus, A. sydowt, A. tamarii, A. terricola var.
americana, A. varians, A. versicolor, A. wentii

Atelosaccharomyces sp.

Basidiobolus ranarum

Basisporium sp.

Blastomyces [uteus

Botryoconis japonica

Botryosphaeria ribis chromogena

Botryosporium pulchrum

Botrytis cinerea, B. dichotoma, B. stephanoderis

Byssoclamis nivea

Catenularia fuliginea

Cephaloascus fragrans

Cephalothecium asteris, C. roseum

Chaetocladium johnesti

Chaetomidium japonicum

Chaetomium sp.

Circinella aspera, C. minor, C. mucoroides, C.
sydowi

Citromyces glaber, C. pfefferianus

Cladosporium album, C. hevbarum

Coniospora cevebella

Cortinellus shiitake

Cunninghamella blakesleeana, C. echinulata, C.
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elegans

Debaryomyces fabryi, D. globosus, D. kloeckeri, D.
mandshuricus, D. matruchoti, D. wmem-
branaefaciens, D. sake, D. tyrocola

Dematium chodati, D. pullulans

Dendriphium penicillatum

Endoconidiophora fimbriata

Endomyces albicans, E. bisporus, E. capsularis, E.
decipiens, E. fibuliger, E. hovrdei, E. javanicus, E.
lindneri, E. magnusii, E. vernalis

Endomycopsis monosporus

Evemoascus fertilis

Fumago sp.

Fusarium sp.

Glomerella sp.

Gymmnoascus candidus, G. setosus, G. umbrinus

Hansenia apiculata

Hawnsentaspora valbyensis

Hansenula anomala, H. schneggii

Helicostylum pirviforme

Helminthospovium sp.

Hemispora stellata

Humicola grisea

Kloekera japonica, K. muelleri

Merulius lacrymans

Monascus albus, M. anka, M. purpureus

Monilia candida, M. variabilis

Monosporium silvaticum var. macrosporum

Mortierella candellabrum

Mucor adventitus var. aurantiacus, M. alpinus, M.
alternans, M. botryoides var. minor, M. brevipes,
M. christianensis, M. circinelloides, M. cor-
ticolus, M. dimorphosporus, M. dispersus, M.
dubius, M. evectus, M. fuscus, M. genevensis, M.
griseocyanus, M. hiemalis, M. hygrophilus, M.
Janssenii, M. jauchae, M. javanicus, M. lam-
prosporus, M. lusitanicus, M. mandshuricus, M.
plumbeus, M. prainii, M. pusillus, M. pyriformis,
M. racemosus, M. ramannianus, M. rouxii, M.
saturnus, M. sphaerosporus, M. spinescens, M.
strictus, M. vallesiacus

Mycoderma bovdetii, M. chevalieri, M. mandshur-
icus, M. tannica, M. vini

Nadsonia elongata, N. fluvescens, N. vichteri

Nematospora coryli

Neurospora sitophila (= Qidium lupuli)

Oidium  lactis, O. ludwigii, O. pullulans, O.
suaveolens

Penicillium  brevicaule, P. divaricatum, P.
echinosporum, P. fluitans, P. fumniculosum, P.
Juscoglaucum, P. glaucum, P. humicola, P. jen-
senti, P. lividum, P. luteoviride, P. luteum, P.
mandshuvicum, P. notatum, P. olivaceum, P.
oxalicum, P. purpurogenum, P. ractborskii, P.
roquefortii, P. roseopurpureum, P. spiculisporum,
P. spinulosum, P. vinaceum, P. wortmannii

Periconia felina

Pestalozzia sp.

Phycomyces  blakesleeanus, P. nitens, P. theo-
bromatus

Pichia alcoholophila, P. farinosa, P. hyalospora, P.
mandshurica, P. membranaefaciens, P. rosa

Polyporus destructor

Prototheca zopfii

Pseudomonilia mesenterica

Pseudosaccharomyces apiculatus, P. wmuellevi, P.
santacruzensts

Pyronema sp.

Racodium cellare

Rhizoctonia mucoroides

Rhizopus acidus, R. artocarpi, R. batatas, R.
chinensis, R. chiuniang, R. delemar, R. for-
mosensis, R. formosensis var. chlamidosporus,
R. hangchao, R. japonicus, R. liquefaciens, R.
nigricans, R. niveus, R. nodosus, R. oryzae, R.
peka, R. pseudochinensis, R. veflexus, R. sale-
brosus var. instriatus, R. tonkinensis, R. tritici,
R. usamii

Sacchavomyces  agglutinans, S. anamensis, S.
awamori, S. bailii, S. bayanus, S. carisbergensis,
S. cartilaginosus, S. cerevisiae, S. chevalieri, S.
dairensis, S. ellipsoideus, S. exiguus, S. fragilis,
S. hansenii, S. intermedius, S. lindneri, S. logos,
S. mandshuricus, S. marxianus, S. monacensis,
S. mongolicus, S. munizii, S. paradoxus, S. sake,
S. thermantitonum, S. turbidans, S. unisporus, S.
validus, S. vordermanii, S. willianus

Saccharomycodes ludwigii

Sachsia suaveolens

Schizosaccharomyces asporus, S. formosensis, S,
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Jormosensis var. akoensis, S. formosensis var.

tapaniensis, S. mellacei, S. octosporus, S. pombe,
S. santawensts, S. faito, S. vordermanii

Schwanniomyces occidentalis

Sclevotinia demissa

Scopulariopsis rufulus

Sordalia fimicola

Spicaria aphodii

Sporobolomyces roseus, S. salmonicolor, S. tenuis

Stachybotris alternans

Syncephalastrum cineveum, S. racemosum

Thamnidium chaetocladioides, T. elegans

Thermoascus aurvantiacus

Thielavia basicola

Torula aerius, T. albida, T. aurea, T. candida, T.
colliculosa, T. corallina, T. fermentati, T. flava,
T. flavescens, T. galactosa, T. gelatinosa, T.
luteola, T. minuta, T. rubescens, T. rubra, T.
rubra var. a, T. rufula, T. sanguinea, T. utilis

Torulaspora delbrueckii, T. fermentati, T. rosei

Torulopsis albus, T. liquefaciens, T. nadaensis

Trichosporium tevrestve

Umbellomyces tetrasporus

Verticillium glaucum

Willia anomala, W. belgica, W. javanica, W. odes-

sa, W. productiva, W. saturnus, W. schneggii
Zygopichia chevalieri var. fermenti, Z. favinosa

Zygovhynchus dangeardi, Z. wmoelleri, Z. wvuil-
leminii
Zygosacchavomyces barkeri, Z. bisporus, Z.

chevalievi, Z. daivensts, Z. fermentati, Z. major,
Z. mandshuricus, Z. mellis, Z. mongolicus, Z.

nadsonii, Z. naniwaensis, Z. nukamiso, Z. pas-

torianus, Z. priovianus, Z. sake, Z. salsus, Z.
soya, Z. vini
Zyosaccharomycodes japonicus
2. HHHE - BURE
Achromobacter aceris, A.
driticum, A. stutzeri
Actinomyces thermophilus
Bacillus aerogenes, B. aerosporus, B. batatas, B.
coli, B. fluovescens, B.
mesentericus, B. natto, B. prodigiosus, B. subtilis,

aquatilis,

lactis

immobilis, B.

B. vulgatus
Bacterium aceti, B. acetigenum, B. acetosum, B.

A. den-

xylinum
Caseococcus sp.
Enterococcus sp.
Flavobacterium nadaense
Gastrococcus sp.
Micrococcus lutescens, M. percitreus, M. perflavus
Sarcina sp.
Streptothrix chromogena, S. odorifera

1. %41 “Catalogue of the Collection of Type
Cultures, 1930, The Central Laboratory,
South Manchuria Railway Co.” % & Uiz [BF
HEAREBIEEEREES, BT E£]0EAL
EUHREOZELOF WLz, BRERIEARAR
CHE— L, HFBAB L UREOTRIZEE L.

2, ERCREY A VEBER, U—VER, SUERRY
BEARBOLVEREITN TV, £ho
DL ERB L.

X #

1. Atkinson, R. W. The Chemistry of Sake-Brewing.
Memoirs Sci. Dept. Tokio Daigaku 6 : 1-73 (1881),

2. BBNIRE. %42 Ewotium oryzae DRRE L NER
X, HE# 36 1 30-33 (1995).

3. Hoffmann, T. E. Uber die Bereitung von Shoyu,
Sake und Myrin. Mitteil. Deutsch. Gesellsch.
Natur~- und Volkerkunde Ost. Heft 6 : 8-11 (1874).

4, Korschelt, O. Uber Sake. Mitteil. Deutsch. Gesells-
ch. Natur- und Volkerkunde Ost. Heft 16 : 240-258
(1876).

5. WMFEFTCE), B3, REEEHEE 24 0 12-16(1878).

6., REFEH, ~ne>r - 7N NT L 20R. B
89 : 889-895 (1994).

7. BHEXEE, BHRTEKR 8 2 BEREESEROBRK~
DB, BEHEFEL 0 120-94 (1984), AR H—-
ST b OB DT, BEER 21 114-89(1985)
HAEEEETAES (Hr CHEETR—Y0HER),

8. FEEHE BEMEWE, p223-225, ER#, AR
(1949).

9. ROE—EE. DIREOICHAMEYH L OAEF ¥4,
B1k 38(7) : 3-6 (1964).

10, ROE—FF, HEOEEERE WL AL, L% 19:
234-237, 19 : 653-655 (1964).
11, ¥AESE, B =i, HEBLL Wi BPhosB

B ABEE. BEEFD 1004 (HEEE (xs
SEEERFIETIS) ¢ 101-103 (1987),
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HARDMAEVIRRIT RS
2. EPEEL 2 0ES (L)

RHEINER

1940 FEHi#E, T TR TORAER TR, WEEET
B LU THENMTEOBHFRIREL, AVFr—2
VIZYa iz tOEBE LU TEREHRINL, Ll
o, INEHELZIEEOHIERERE, WTFhbiEE
WROEEWSTH -1 d, AV 7y arZiFod
HEF2RU2RBE R, WRERESBO
W7 — < LB METROIEETE L FTLT,
WEMOANF v —a V27 ¥ a vy OSBFRESERD
Uentz, BESEULIRD, HEEBREOER
BHEINLIEIMWZD L, 20X REHESE L3
S 2R o7, TR RMICHMEYREES
EEENL T IWERHEARLOBEEZE U7z, 1941
F, B CHHEARBIRRY, 194 F, KR
MR AR BB RS T TIEH 2RO 0, »
THHZ S LBROEHFITL230TH-72, Ly
Lahs, s DREBES, L 2 EER (==
v ) v) WIS EML CEROER Y22,
Wolr k) REERIFREERS NS, The
BREELTHIANT »—a VT ¥ 3 Y OEBERED
BHTRPoloDE, MOFERBE L AL, #E
BEEHEED LD CHBFOKELEOELRR
MmoleDTHD.

I. REEROREEE

1945 £ 8 A, ATFEES 2 REBIC L THE R
BIBKE L., BARESEERE - ThHEE R,
L2IVERFAONOESEREGH (GHQ) DMEEH
BWTRE»NT, BROSZERIEZOTEEM»O &
S RAEEIC 2 o 7z, HEA D & DEMTERIZ SR E oS5
C#BEI 2 > T GHQ 5 D=2 — A% H L, £1EH
Ryt b XMELBEL TiTbh, BEhoRE
TRAFT 3 EBEBEEED TORH L LRSS
i, 23 LEgBrhiciahaids oL L,
SENFIRBER ZONGICEbhZEATH S .
—7, EREFEEED A, MEMEH ORoRE v
WIRMBEREZ T b0, B RZITEIC
Ho TERDEEANDERCENL Tz,
REW%H (Nagao Institute, NI) 1%, HEEIHR

ROREHKIRKSEE T OBIFOERF WAL T/
2, BEIE/E BEEWRENPLEZ->THN
Fy—aVrvarORBERED, 1950 F£ic [HEE
AERMIATSBREERERI 2 MR L. 20O,
ObIHEAEES N RET 2 [HEHES] BEM
BERYECd - I/ VB EE EORE TR =
EHTT. 1952 &, REMEF /G BROFRE
FRIE & [FIRE i B85 “Nagaoa” 25T, Ikt %3
EEE GRT) WiBwTHEHES L EE2ED R
Bo, REFSEOXBIED. 1950 FREZBITFSH
OB RO EZI LDV o085, ZD%
R EPER MUY, 1971 FEHE L, BERS
2 HMEVHRRERROLEE L LT, REWRMO
EEIELATLRD DI LOVH 3,
MZERERERASERT I, HEFh, PBIRNIR IR E &
I L THIRES 2T TE e s, Fick->TH
BB RS % &, FOEESHEICR->772, L
»LRAREEEEREIFERI LI I 2RITL, B
£ % BERERTFERr (Institute for Fermentation, Osaka,
IFO) W& E L TXHAME OMBEIEA & - 72, #iaL
DWFLASK, WIFERTIEGARREMIsEE T, RiFESEE
WPRBETH o7, Bl 1946 FE I HSHHEE,
G E L S ESERIRETR & A L R R IE
ATHoTz, LeLiads, [CAWMREMOKENS
T, BWBAE L THFEERTH 2 EWMEVRETE
EEPIREET A HEASE E - 2, 1961 4F, WIZEATR
ISFRTFREFI 2 VIR L, MAEYRR TS & B9
BRI 0wy, R EEVL|EHWT, AEH
BRI AR icte ) 72, IFO Research Communications
(FTRRBAEE) OREFITIE 1963 FIrthE 5.
HREREER D 1946 &, RO AN T ¥ -V T ¥ g
YOEMHEYEGUSNIEE, REMEDHRDS
BEEHERE -7, BAORERE» SRS
BOFETHBPRETI R LW Z i, KO
ANOBBE»SBETEZ I Chkhol, ZD% 1,
HIFRWED L BT, ENOSENCHE Uk 5 %
FHBEELTwE I b Tukeh s, F0b
2TE 50 EDED TEHEMESE R L ORECR - HE
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LU THBHET 32 AHEEED, 19534, L)<
“IFO List of Cultures” D% 1EEHL 7.

o LifE, REFIEMY [EkE&E] 2 HK
LB bfThhi: 2 L ikiE» T, BOFASHAET
Hote, REBEO s OEZDRERY, BRI~
3 HAMAEYRRTREER (JFCC) 0¥ OiEE
HUIZESTHEOBENERET AL ERS1D
i, M, AL [ERMEYHREES] (1953 F)
BFHIR LD 2 2 OBHB—R L6 T
HoTU, FEPEYELTVAI20EERITTFELD
DEVRDWETHoT,

I, EFSHEYHRRGTHEEERRERRT

ZOEEEEE, B ko TEEOET 2BV
EEOHMEMKEERZOEE L BB *XET2EHN
T, 2323 WHO 2 ¥ & iZIZE URAK RIS
7ehs, EEONEERESLELL, BEIWHRE - idh
D CHE LB RBETH . KEKRH, =V 7
FTHRELLIVIREDERRTHOL O, ik
I s hidEd ) OEEES (BE) »omhiRD
ST AA ABET AT I —13, REMEYROREE
REFELSELEH LT 5 Centre de Collections de
Types Microbiens (CCTM) % 1946 fEiZ o —H > X
DEEFIRNIZ R, P Hauvduroy 88 % # D E{EE
wiEs Lk, JOF, BEEERRREHEE, (R
IR L TR OER] L OBEARITED  HAE
RO B RN L, 1948 &, MEDEIE & bl
FUREHEEY World Health Organization (WHO) %

BT LT, FORBR Y23 —TWXEDLRLD S,
CCTM o #¥Bic LA BER» E L hizb g
TH5, —7, EEBEESEHE International Coun-
cil of Scientific Unions (FEEUFEHMR NGO) @ £~
20— LT, EBRNEMESXEERES BIREYRE
& International Union of Biological Sciences Fii&
DOEBEMEYYERHS International Association of
Microbiologists (IAMB) ¥, Bz #->7-&ED»
VFr—aVv27yaryOBREREDDE, BHFEHR
OFBLHEEMNELFENCBY T2 2,50
B2, EREMEYHRRFEEES International
Federation of Culture Collections of Microorgan-
isms (IFCC) %282 L 7. IFCC DFRILiz i35 4 EE
BEMEMFERHE (T N—F >, 1947 ) TD IAMB
REDEBBNBEE T 6, HEHERBLLZOR
O—H¥ X CCTMBTETIER->TZ BT
3, FOEELPEYTIEAERESE, IAMBO&%E

BREARWR L > THEASNL RO LD BEETH - 72,

Prof. A. J. Kluyver (President), Dr. H. Aragio,
Dr. R. E. Buchanan, Sir A. Fleming, Prof. P. Haudur-
oy, Prof. Th. Madsen, Prof. S. Mudd, Prof. E. G. D.
Murray, Dr. R. St. John-Brooks (Secretary).

IFCC Ohnsa#REE, 30 4 60 B KU, Z2D7%
MiiE, KEDATCC, #7270 CBS, ZE®D
NCTC R EELZ LR ANTF v -V 2V avDHbH
sz, BHF I HauduroyBEEOH LHIK L > TR
A ADCCTM kB, 2AAIB LIV WHO »5
DR S ORSEPSHBOERE L £417 58
DFEITH 1949 Endlhg o7z, TDI 5056, EHE
CCTM & O 2BRMEEICZEL R LY, HER
BETHEEAMBUTUIERILL TN 7 72
7+, DWIZHEE O St. John-Brooks i+ (NCTC) #f
1951 1z Secretary #FHT U7z, ERIIHEER 2KE
Sa—I—7 MNEERABHER~BL, HFO
J. M. Coffey &5 48 Secretary 21T L 7=, HBEED
IR E N b, IFCC Ik 1954 45 BB ICTEE)
PEELTLEST,

- XD CCTM b2 A A a6 FMERTT
WREBYOFEHERT S I EBPRFC L 720 T,
Hauduroy #2113 CCTM DITH % — B OREFMENH
BT A IEROEM L SEOREIYID Az 72, #E
DHFR S [BEFICEE L T International  Center for
Information on and Distribution of Type Cultures &
Frl, M, A RAE¥ET7H7T I —& WHO 0T
5B % £ 10 7o 5, Hauduroy BiE D ¥k, 1967 4, #fE
FHOLHEFHRIC & » THEBDSBRE L.

0., HAMEYRREERESOIE

Tz L BY, REEZOHKITESERAS
# (GHQ) 0EWTFE,IL Tz, IFCC D%
B &7 DOFEEBOREIZ GHQ 2 6 XHENEX 5 1,
Fh LR IFCC DERSEFRECET O NS &
3D, ThICK > THERDOMEYHRETEE,
BRCEM O EANLL I Lk, PED
FH L AERNEEER O XX, 1951 £OEE, 1
BOXHEEE (BHEL) KE->THRE->k. UTE|
BAoxZEIZ1951 3 H9H, XHEATH NI FER
MAEMHOFREFECHET 2 8%S ) B STEHEEA
HFEMBREOHSORE LEHFLIIDTH S,
[« FE . B T¥2E U THIRBERESR
LEEME TEEO— DO BFIEONREIHE L L
TOWEMOKROEEFREOMBETH 5, WEEHL
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REXEIFrBRBIFHEE
CHEABRBEHE
RRERK B
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By 22 ERCESI DI, SENLE
ETHEHMAEMORERBRFEL TBNELLDYTH
B9, CHIBAE - JE# - BMTE0&EMLSES T
WARRRICIE , BEHSTHEL Tw 3 8/INBED
BOREFEBOTT S I ERL OB BEDERTSH
5., (¥LT, OWORENERI L L bbhrohuM4Ey
KL EMRESEVEEREL TV DRIV LD
MEWBWIETHBL, FlundFhhroRTHe {EE
RIETHD,

L L, HIRELESRD 2TRME% 20N
EUCHBKBEZ L], ¥UOELRERILTH-
T, ZOZ LR EELUZNERES Y IHMUT
Y55, ZORBERTEEIENPIEEEC LT
LN L OEMRMORM» > b HETH B LE 2
5, MEVOKREEREFET IV ZLEKR, &
HSHTHERR, W hIEBEOTONRLHRAETH 3,
ERHEFEREYTH OB TH 2700, OREE
HizH - T, BEMUTHOZREITCTESLETH
5. L IEAAREANZCI ETHEL, ok
B L TH A RO U THIS LT T L ik
DTV OEETEE L, LeLassifEsEoshn
WHRE L BMRET 5L 22138 TKRE L, i
OBRBIF VAN WL LEEEYEZ 27 L 1358
RKHE R WEEZ 2,

PEH2eBRRLE RV, BT 3 I0HMEYMOR
EEBERET S L0 BRSO L TERE Y
EBETHY, SHCERWEM» S 0K 2

rl, XMEOBEELTHEROBLILEES, X
HER I ORE» S, SHECBT 3MEWDOKROES
BREOEBCECELEEY 2 i, KEPIS
LTRERY, IS5CERNRM»S, #0kE 2%
ROLDEBFRAEOEEbM>TBE W, B
ERHICRBRO D 2B & LT, AR EREIIT,
KEIRKFETHRBRETEE, MERAERWER, B
HEABBBETZERT I, o REE LM > ERCcHAR
FMEEBREYENRELREESCBEY 2 BHL
L, XBRKCX IO LS REE2HEEZESET 2001
EMERSHERENBREINL TV 20T, Z0LE
BT B nicini, ¥ plEBO L WEBRS B
BEWL, BRAOTEEREZED 20, |

CDEETHEYMREEEUEHEESNERL,
ZERECRGNIFEEAGLRRHERESRITN:,
BOLI LB EEROE EBREAE K D0 CREBRE
PYEERT & AR 618 E 2 H U TIRENE 25
B, FERErBELCEBERNEEERL, T0o4HER
FIERREREESE L 45 2 L 2 E L, 1951
4828 H, BRELBIMERETECES > TE
BHREEARL, TROHBERREREH LS., &
OH, ERIEELZWZDTH S,

L BIIBOREAE
(BT, kg, #+HIR)

HEER | HEERE (AFEFMSSmsmemasgs
Baf&)
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HEHEE | TREER RAGRRTRRRR)

HE  JEFEE COREEMERIBEESR), 1
HiEE (CHEAREEMRER), NEE BRAE
EHAK), AE F (REFERNAR), KO
—Bf CRABZEHAR), EHES BEMEmA
), WS ATEHAR), BFE=IR
REEVFRPTRATRE)

¥, REKEEREFERNL, 1967 &, RAXFEHRZE

W LB ERE L.

il, BAMEYREFSEEERG
1951 £ 4 B 28 HEIE
1953 £ 5 A 20 HHIE
(FE, #F5, BEHER)
¥4 FERRZ, HRERNTHEMRORES LU
BREEE 2T TV 5H#HER L - CHEEL, BERHE
YRR TE I Y Japanese Federation of Culture
Collections of Microorganisms (JFCC) &#59% 3,
ZEBEOBRERE, RERAFRERMERACES.
(B#)
24 REMZ, MEEBEEEZOBHCE-T, M
EVBRORES L UREEBOMELETER®D,
FOFRERFSTHIERENET S,
(8)
F3&% FEBHI, WFZOEHNEERT 20, X
DBEETTD.
(1) MEVBRONES L EEFCHET 8.
(2) #WEMHROBREB I UVEECHET 2EMf Lo
&
(3) WMEWKROREL L UHEA - OEE
(4) WEPVHRCHETI2HBESB LUARSORE
(5) ZOHAZEBOEWNEERT 50 CLER
By
FFREB L UFEES)
Bag FEBCTEEEBL, FEHEAR, SINEE
B RETE 2%, HEEMSBHEMFHIERSE
SEEARBIUXHERFEFMEIRE > TIAK
MT?, FRERTRESTERT . HERITNE
B E1E, ERCBET 3. TBESIFERD
BEREDOEICH S,
(HHEB L UHEHE)
Bo54% RERIEHESLZLETRLAEBL, BE
BHBRESTHRT S, HBOAMWR 2EL T3, -
RLUEZERHI R, BEEREESLERT 2. BF
2403, FHESOREWEY, ZEEOEE DI Y 3,

(HERB L UVEFES)
65 FHEBEE1L0BEBERBLIUVEBEHESELE
(., BERBIUEEHEER, BEOERILI->TZ
NEEDDH, BERISELHFEL, FEH2RFKT
3, BEBEEE, EREREMEL, BERICEESD
ZLERTOBERTS. HEERBIUEEEROR
iz 28 L, BEERHT L,

(=)
BI% AEBECETHORELBL. BEIEEER
BIEEKET 2, BERIHEEOG 2SI T(EEY
NET 5,

(BMERB L UHEMEESR)
8L FEBUHEMEEEB I LTES, FHF
ZRE, HEENMEEEOMEPREYLH L DBR
%, BEMEEREMEESRHERT 3. HfRES
X, BIRLLITFLEEDS b, EFMNEHEIZDL
THREEETS.

()
Fog FERCEMETREZB . B, FER
BROHBEDI bS, FREESNEEL, HHERY
INEERT 5,

(ZE)
B105& FEEOKRER, MEEMOSHEE, Fiie
ZOMOINAE S > TIHIZB TS, MBEEEDSE
SEFHEESNINERET 3.

(SETHEE)
FllH FEHOSHEER, FZF4A1HLIVESF
3A3IHETEYT S,

A

124 FLIMBEEAEET2HHET, £ 15208E
KHEET5H01R, TBESOLAREETNHETLZ
EDBTEB,

i, INEHEEE & ROBERDORE £ O
1955 425 B 11 HIRTE (Horeg, H-HEIE

A. INEEMEBE (REFRECS)

AR AZETEE (OUT) « [F 8 4£ %7 BF &
(RIMD) - B K EZH MTU), FABRFHR
(ATU) - FSABEDRR (IAM) - FEEYRET
At (D) -MHERAREHRA (ND -BHERE
wHEFBS (NIAH), WEEABEMZER (FO) -
[LEBRFTEEH (HUT) -dbiERF¥RFZE (AHU)
B. &

HILSRE - TRECR « FHEEE - PERE - RA
e
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(AL AR)
F1e10 |
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1944 EBST (XFRTK)
1930 BR-AT
198
1
- 1940 94;@}{ 1916 RRW
1950 1959 e 1951
: BAMEMIE
I RALCHIR )
L1960 I
1 FERERARIEAMEI O Rl

C. &R
HELE W (ND
HHEE  THRIEMES (11D)
HE IROFE/ (ATU) - EfES (IF0) -
#iE (OUT) - BREME=ER (RIMD)
A HHEE (IAM) - BH # (NIAH) - fF
HEE COREREFNRER) -AtHEE MTU) -
fEx REZ (AHU) - HER# (BREMEHRME
WEMRERERR) - BEAT (HUT)

D. &=
g B (JAM) - /NEHER (OUT) - A A& AR
(IID) -EiAzg (1ID) -R//NEE (FO) -HilfE
B CUREREEMR)

E. BMER
BRER B - NEFER - /NF T - TRRIEDUER - o
58 (ID) -@fESEE MTU) -RFRE HUT) -
BANRE - BIHEZE - AWERE (NIAH)

1, BEECKSIG B M AERTFERT (1953 SE3%5T) 1 1993
F, RIS EEWFERT & e o 7o, 7R (p. 7) D 1994
FERBYIZOSEET 5.

2. FERREBIMR OISR O v TIAETHR R & Ui
18O L,

V. REMEYHORE B8
XEE L JFCC DRI & ERpiz, ERFEEFIDEE

DMWY BRI FEEB 2R TE T 2 BRI AR OFR
T DWTHTHAEL, 144 $858, 251 FEZE 0 5 22,300 &
BOEERE:, I OREGER AR AKBEIER
O/ BRRERMSEYEL T, ¥4, RERS, KEX

Y I 2R L, 1953 4E, [ENMEDERR
Bkl LRELUCOERESHER L, BETH-/NE
iR, TOFXDRPTRDLICI LTS,

[ehsDEz e, RESNBEDKRZLTLDS
ELWwbDDALEWZIRWESNH S, Thbb,
MEVEENEBEOBRIC LT, 2 B oEHE
ERHOTLE-Y, BHEA2T-UERZICLIENST
BT RERERPREYEERECEEREZT I &N
FERBHBPOTHD,

Hidho RS L 2 /ERERD 5, BEFORRE
AL HROREFEHEYHR I EBEEYSESERICH
L, FLEBREMOAFHR EBFER LD,
BETAREEELCGOERTHL I EPHEL»IC
o Tz, INHET T OBE L EROBE
WThotz, HED IJFCCEREE, RO XS kiFEhA
HERBE L CHEERICELEDTND,

(0B & 048 TENMETRRESR] BHfTsh
TR, FEEIDBEREEREHHOEE R E
», TOEHEER-> L, EFZERRRER &
18) BIUIBREBEER E25) o/NEELERR
L, BREESEEPRO T L, NEERIBEER
2D, BECECTEROEMEESEEHET 3. |
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IOWRBIETE, NEHEER, REEEEEL S
oz, TEIPAMIBRRE E 81w 50I8 & - Bk O
ST & BEO L D OWEHEROHEFRR
SREPHIBR L. 23 L TOREBIENERE
B [EREREHEDROSES L R CHET 2
PR 28, ROE—EABRFETETERFLE L L,
JFCC DR S IE S HRE DSB8 T 1954 £
poRMmE NI, REPIER 6 EREEL TiTbA,
MBI PFFRE ORI 50 L EBLI (). Bk
BHFI 2o oh, BB A EREHBEERKX
ISRMEHRIEELIRERE R . REFED
BEix [JFCC Catalogue of Cultures 1962] & U T8k
BRENEEM»SHRLE, 28, 20 5uarso
additional edition 4% 1966 4E & 1968 iz R S 17z,

V. EBEEEOEE (¥n 1)

195149 8, v 73 vy AaBnT, BESEM
HE L BR e oM THENLNBHE s A, BRES
EHEOCEHTOHLBRENB T Lo, ZHIRE
Bz, BEBRFOEEROBEHHBAELEDbLL
EEREBR L7z, 1956 4, HETRERIRE» S JFCC o
BERHETLIEOHLEND ), BEORESTAEAR
anl, RReciEs W TEERCREL-KROE
—RRBUROWEIW & - THMIHE, FHEErELL,
BB L 22 BHEERT A Ltk ot, BE
R, BBEBCE- (AR, BI&ESBErhE I LI
20, % 2386 fity, RO & T
BENThESREEISRIECRITN. BEDOFERIL 4
Y, RE K, BRZf, EEEREofE L
FEMEL SN, EMERRRIEs T, RBTHE
HRHERERRLESRBF B b - 72,

VI, IROE—E O ERSER

JFCC &SRO, BT LT 2ETho7ed
5, MO RIZ 1959 BT, BIEOSRICZEHER
BJoBiTh, THREBROBISERESRE -7, KO
Bu%i3 1958 F, EEFIZ THEAF 2B, X%
ZHER R biC, BEa AR 2ENEES
REFNERBLER MEYABSTE) CHEL .
1962 &, REMEVRBHORATRORT 2 REY
UlROBLTR, [BEMOWMROEE] S HEBFO
RBEELTIARITERREELE~OFALRD, F
Bxk ok, COBEONE* 23 A 2ENESS
HHE» BN TRIEBT S,
(BECBIBTA 794 L AOHRDEHT,

EVRELHCEERBREERLTSED, ZOWER
ROBEEE~DIGA R, NEGLOEE, Biyps
EOHESERNRBCELSE T LIABRE LA,
IR DABRDEHE R ERL TREYM DT 2 {EHES
LI ERERET D,

(1) BEWRORE L Tk & VIITREROTH
DI:HOEBEBE=ERT B &,

R OB 1) 2 AEFEOENCH->T, B
REA & 72 A SO MW E D & WRE S
NT, PIREBFOBFH L, BCHICERES LS
DT TRZ SR,

(2) WEVEROHR - MEMHFTELEOER *{2E
THIE,

EREPEERE L b, RS FERL
T2 AAIVTELTEEEES L UEZLDRAI
BT 2 a2 FRICAN, BRIz ERIRE - 3HE
ZIE L THEVERORBERE 2T L L bz,
IEEOFEN £ HlN s £ CHBECET 3,
BB OMEYHRE 2 HR T 2 HNTEMR
REL, H20VEHBROWEE 7 20—y y 758
L TEATHEE R S,

BERBFORER, BER2HL 3 A 2B THIRS
i, 1965 FEMSER I EEESD RO 10
FIFFEICHEAANSN B Z L %D, “Microorgan-
isms Decade” L g & iz (HEZ 3 R aENEES
HEER).

1962 W E Y b U A~ THE 8 HERMEYES
BOHESNLETH D, FERGEERREDYS
& International Association of Microbiological
Societies (IAMS) T, TIXEBMEDEERS ETH)
IR EREYREESOTHES CH- 7. £
#Hh EME LDk National Research Council of
Canada (NRC) ¢, # ® Post Congress & LT, NRC
W& ¥ % Canadian Committee on Culture Collec-
tions %4 ¥ 712 B> T Specialists’ Conference on
Culture Collections # B L 72, T DEHTI, 226 &
(28 4 E) OFPIRHHE, MEWEIEFICBIT 3 cul-
ture collection D% & EEHIEEELPLT —< &
LTHBESEDSh, ZOEHRELT, IAMS 520
TER#HM I, Bacteriology, Mycology, Virology D%
Section & ifi.& Section on Culture Collections % 5%
UoEIEREFERLL, HHILOIAMS £ 2 v arid
1963 FE W H B L, President iCiZ4A—X b3 ) 70
V.B.D. Skerman ### (Medical School, University
of Queensland, 7' U A~X>) HSEIEL -,
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1965 4, “Microorganisms Decade” HBHtEE 1T
B % 72vs 2 A, Skerman BB IERH U CROB L 28
R, MEYSREEEOEBSEYHETHILIE
2Lk, ChEBA TROEEE, Y80 JFCC £E,
RF EEASHAMEEREEESIEEYE, BX
BEADOEHIEHHE U, 1966 £, SV D2 FH AR
HieBwT, IAIMSt® 27y s varxRI0EEEE
#$ Skerman #%RE, S(RFREEO T {Thh, EERE
RSSO ARBEESER IR, JOREEE
FTR1967 # 1 B, WO (B3 X aEREER
LARBIZNBEERREK), BEE—RARERKESE
E(AXZNSEMEDERTEREESNR), YIH
KB K AMEMHFEEE ICRO/UNESCO
Panel on Microbiology {£3&, ICRO ! International
Cell Research Organization, =3 A 2 #éy Rt
B), SFREF (FCCRE) TooBFREsERE
H%2px, AAa xR aENEES L JFCC OHFEE
iz k- T 1968 EDE c BIgMAEHRRESHZ, 2
A A2 DT E IAMS O THET 2 2 & 2 HRE,
ROTHEBEBSORRICA D, ZERCEBEEEY
fgEsh, ER 28 LZDNEMTbL, ZOER, 8
FEECHAEMEHRMEYERTERERS)» SE
K ERER BRI IR e 78, BBRRICHK
BERBENT AL,

VIL R EE C BRSNS

HBEESOBRICYE > T, ARENESESEHT
BRI, Fha) OBEARD-L, AF
HMEH T, BIEETRESE RS 1965 FIKE
L 7-EHIEFEE D 4o THEMEER & L T O gene bank
ZTOLEESTER S h, MAEVERRERRES
OMDEMZBFEESH I HIEERRL TRFER
GRHISHBERE UL, I AR (HEBEY
RHREFEE OB DV T] L v ) BIENEKIR
—BEREAREMEHEED SBFARE S 1z (6). #k
ER, BE0OEHTLIIAI0 [MEYDOFFRDRE
) BELBL, WRANEYHREERASRE L
T [(EDRE > 7 —] (R BUOBEEYR 2 25
A7z, BB DR L o [ RETRE v 5 — ] (RFR)
£, KRB EIFCCaRoWMERZHYL, 1967 4
CIRBEYEMTERERSATEORE 4 XKEBER
ENTWDTH S,

VI, %1 EEEHEDHRRTSE
ESHEYRRTESSE, 1968108 7~12 H,

HEOE®H ) v ARF VB T{Thhiz, 52 7 EH
S 526 LHEN, WD o OHFEERE 2234 (H
M 5 303 45), RO E B2 MAEYREFEREOEY
BrmemEES-BISLT, AVFr—aLv
va B aEME BELOBMERESEED
B RHRSERED R oD, 8ESL
INDBEITH 1725 ) HEROBREOHF T, 24
2 a{8FD A. Burgers 1, ICRO % ® J.C. Sénez
4, I[AMS & 7 ¥ 3 > X% D Skerman HFE » &
JFCC fRFE&E L CEmsl~ o Nz (1), SHO
558 & BB DWW TR Proceedings (4) DE 4, T A
21 % 128 (1969) RO DORBAET & S
ZEENUTHRZEORENSHE TS (1), HE (BE)
OFBERZRNEZUTKET.

(1) ArFr—avryarBy sEEBEEHD
B DO DHICHHERSEFHEBL, BB L U THRERR
#2 (chairman), Sénez =+, Skerman#H#E B L
S. M. Martin %2847 3.

(2) EESEYHREFESS International Confer-
ence on Culture Collections (ICCC) %45 b EROD
MR Tk 5.

(3) IAMS Section on Culture Collections ~
Special Training Course 2B ¥ 2 EHFHE £ {TEEL,
% 7z ICRO i 2K T 1970 F I RERMBE S
% Special Training Course %179,

(4) Bt EOHRIIREHEL T 2HIEEED
ez ar A3, WHO, FAO (EHAMR B ~
BEIERD B,

(5) BIEHRE v 8 — ORI ERE T 5.

(6) EEHRMEFEEEEAOLRTIEE O,

PEoB#Ic -7, Mgy CORRSHEIE 1M
ERmamkfESE (ICCC-1) tMiFhd Z &
Kot EL, TOBREOYWTEL BN hoT
biyTiiwy, REETOICZOAIH TS S M.
Martin 1%, 1962 4E, € > b U A — N TE 8 BIEE
MeEmEEEmSHEINI L E, SROFEEETHH T2
National uResearch Council of Canada (NRC) ff
B4 % Canadian Committee on Culture Collections
@ Chairman & L T, Post Congress ® 1 2, Special-
ists’ Conference on Culture Collections M4 ¥ 7 Bl
PHEE LU, B4y VeE%® % ICCC-1 RS
NETHDLEFERLZ, LaLERS, 75 UVRERD
B3 AIE IAMS Tho 7088, 23 X3 DBEIR£L
%<, SHOEESBOL > a2t A1 HARFERE
LI MRREEL o, ICCC DEEE TS
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AR EDEFERTCL T BLERER T
i, EREBEEIHLET 208N L nELIFERI
Bz,

Z O ICCC-1 &, Rizah~ 3 HFMEMRFREESR
DENDERE > EbDTEEREHRTH 5,
BEOHMEMESFIZ > TRTD TCOEBESET
Holz, TOH»S, EBIZEFEL DI JFCCT
boltikbirrbsd, FHREOBETZAAIE
NEESSERE DY, AXREMEBEEED
HEBmEEePRI o, SROEERIZ AR IER
BESBETHIOK, BEEEFEEL DX IAMS Sec-
tion on Culture Collections TH -7z, IThoDI &
i, ICCC LWwHEBESEND OZHEU*ZTDLEHR
LTwik, HBFZES0L T, Fbobhtwnzid
FEBNZ B TREOLR YOS EMD L I LS TR
ENEE FIREE) &, TOBER2RO L S i~
TWw3 (1),

[1967 LUK, ICCC DBED 1z » D¥EMH 2 & iz
P, IOXBEOMWEY T IZHRE TR Wi D IEH
MEZARRIICY, BHREMME SR, B I#
EYVOWROEE] BEONELS, 1) MEVKRORE
LD L, i) MEMEEORR, i) Training
Course DBHER E 2L T W53, i) i) k2L ENBE
RITD72 D Conference #h D Z L BB L REFET
H Y, ZTOHEFEC I IAMS OBHESRIENY 5 T
5500, 23 A2 L OFE» S ICRO (BT
BB L < Panel on Microbiology #2&JC, Z
D23 AT ERBFEHEFOEREORE 2L €, 2
FAEXL T I D Panel BEBOETETDH 3,
L& L, ICRO &, % D&EESEASNT, Mk
LTRBIMLTuEWwSRS, SEMEL LW IEES,
bhBARLERY, IOLS EBEE LT
{, ZOLHBOARL—FRIBENTHD, ¥z
W THS Z LR, SHROBFOEEIKESR LED
20T OO E B b ER E0E & ICE
PRECLL, 0L 5BHCLLIDLST, R4
POOXBEBTHERRIOS bISHEERIB T
EDTE e, REBBFRBLLTRALID E
CELizw, ZOSEOKRNT, bRE»SIBEEN
7o [BEYOMEDRE] BELYD TEFORAEHL
ThLRBOBIZDE I bIFT, SRIAMS ik & 5
THREMWLKBL LS,

X, HREEYHRETEEORT
ICCC-1 DRI ET &, BMEVKRESRECHY

ZEER B FERENIAMS £ 7 & 2 > O
AL ad hoc committee of the Section on Culture
Collections of IAMS & LT 1969 FEIZEF TH» 41,
Skerman ##&, SREFEHIZ D IZH» S. M. Martin i+
(NRC, #7725, S.P.Lapage @i+ (NCTC, H)
BEFE LT, ZOEHE BV THEE % World Feder-
ation for Culture Collections (WFCC) k@& L,
IAMS E&~R 3 2 BEHOBHREZER L,

FULEET2EHDLFC World Federation
for Culture Collections 2B AZDIX, Z OEBEIHE
RIWFEFE LIz International Federation of Culture
Collections of Microorganisms (IFCC) k fEBIGT
HHIEERETIZDNER Db THE, TOF
BETRBRIBOZASBERESL, ROLBIB®R
E LT (5).

President : Dr. S. M. Martin

Vice-President : Prof. H. lizuka

Treasurer : Prof. V. B. D. Skerman

Secretary : Dr. S. P. Lapage

510 EIEMMEMFEREI, 1970 FE8 H, A ¥y
¥T7 4 THrN, ST O [AMS B SES 7T
dh, BRF s, WFCC 2357 L < IAMS O T3
iz v, Section on Culture Collections ik # D
BOT~T% WFCCWEEL TR L 72 (5). WFCC
DOHAFREL T [HRAMEYRETEER]) Ky
5hTw3, WEFCCOD£RIE, RO3IEEITLLL
ordinary member GE¥E & 8), affiliated member (#%
B4 &), sustaining member JERFSE) ok 5,
FPEEEERANVF r—a Vv Iy e VIBELERL
Ted RTCODBPACEZONZERTH S, BHESRR
HUHBENEDOLHE L > TALZHA I N RE
B, #RSBIEERIOBE CEE L TEOEH
EXBETLBAE GG EETIERTH S, B
SHREREBBORETEE I o hic#ET 2@
Lo THEFENDG, BRSAUBREELZRVTHED
LHER LR EEM 652 503,

WFCC D% 5 1 DD#iE World Data Center
(WDC) DFffRTH -7, REMEYROFE % EHIE
P CHL ML TBL T Lk, ML - TE
DHIN R WFIREREL LD TH B, 1966 ED/Y) &3
TH ZOREBEY H1F5h, TAMS Section on Cul-
ture Collections (Skerman ##%) 13 “World Directory
of Collections of Cultures of Microorganisms”{E&
DRDEHABEITI ERRE L, VEREIZ2H
A2 FOMMBEEL, 75D NRC (Martin 1)
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YA —A L+ 5 ) 7 O Queensland K% (Skerman #
BYNEESEYT LI R EBNRE o, BE, -
¥ X2 H - Iz International Center for Informa-
tion on and Distribution of Type Cultures D&{T#H
Mo EASoBE LU HE 2 JAMS &, Skerman #i%
& Martin @2 FEFAIRE L7, 5l EOFEHLE
PEEFELHEEEY 242 —7 WHO X T IAMS %
RELTEREIS#HE LS, “World Directory” d HihR
 CEBROBHFICHLTE 55 L unwiEkv oy —i848
FRELUTCEBLREL. TOHER, 23R8IV
WHO 0B &8t X 5T World Data Center #%
Queensland KEEFHICEHT Sh, 1972 Hi2“World
Directory of Collections of Cultures of Microorgan-
isms”# 1 ISR & vz, World Data Center i
WFCC O#B & 2 5Tz DT, 1975 LR,
vy —BNEEREERLI LR, RBEOHMNE
& & 1o WFCC Newsletter OFT 8 Thbh b L5
ko ahs, 1986 &, Flt vy — 0 AARBERE BI B
BTtk 5,

X, ICCC-1 & JFCC

WFCC 0377 ¥ ICCC-1 miifgmroFonid
DEFRLTNHEL Fhwd, JFCCOEII>TH S
ZEBRLETHE S, 1970 FOEBHEMFERTE
BE ST B, EEBERBADO: O sz Sec-
tion on Culture Collections 38l D =T, ICCC-1
BLUEHZTHFBERESOME, S 5ER~NOHE
ERACHETESHLEY, JFCC OR: LI-BEIK
DT Skerman HigEH o 8ENH D, JFCCeHt3
LREEOBBEIHE R THRE N 6), MB LD
LARTRTDOANF »—2 V27 ¥ a ricHBONS
THEho, JFCCRMTIBELIEE > DIFHA
DT ETHotz, JFCCIhb-» TENEB 2 ERT
g 4L, 1973 FICIEHEE T United Kingdom
Federation for Culture Collections (UKFCC) D
AWHD, 1975 4, KEW b United States Federa-
tion for Culture Collections (USFCC) »SgE4 L /-,
HRIEHEBDE 2 2 MEMRREEERBE~ORE %
JFCCUuRBDI w3 2 ETHA ) b,

£330 Special Meeting It BW T, BEDILFED
FED, BELEHHATHAS N ORK S RINE
Tholz, T 2 SREEENEZ METE, RF
BAEDROESY L Zh 2% 2 2 REFEMORMES,
FEEEEIMEREOEFNREOTIE>TED
kIR ZORERRLTRETHENEVIERE, b

ik gl, MEE»SOEMR IV 7 v s VT
OEPEHLTED LI BNIEETIXRETH LR
EOBRIZDWTHRBESRba Nz, ©hBEET A
ELUTHEEMR LI BT shi, BEROFHEEs
BEREEEOEE LS IEr D T, BRI 2E
FHREDEH» S b LURDZ L TH B, YBOHET
BhHeuEuiREBTRESN TV, BiEo—KH,
ERMEMBPER CREMA 2T by, iz
JFCC @ 1952 EF MR DFEBRF b HEARERE
L, EB2»HINT260DL T3] tOHLEDLYEE
WEENTH5. Larlhads, BREES TH-o7:
eV &, BEFENKD > T [JFCC Catalogue
of Cultures, 1962] »SHHRE N TY, RIFHESHE
Yo THESOHMINThh oz, ZOERBK, K
EIFFERR, SRR & 5 0 i, BRI I nd
UL DT, SEASNARLE T IREETOF
BEEDLOORENE L, ERPEEL 7o TH
%, Lid-TEMBHL LY, EHO—BTHS
B, B 3EEc R E5 28R,

Special Meeting (B#&H) KANVF v—a Vv 7 ¥ 3
OB LR BT % panel discussion 3% 5 T,
H{BEAAPEEEIC L > 7. S.P. Lapage {#-- (NCTC)
HEAXRBEI R T i ERah, EFEEL
WEZ W 5z, (proceedings(4), p.236), Z0
L, REREsSHTHW Yol 11
L Offifsik, ATCC CKE) THEE#EM 25 F v, 8FE
BRI 15 P, B UREDEM Y Mitidd sz
HE3HH % (1 F=360 ). CBS TIZ 40 ¥ 5,
TR LER L EAEBEIcRIEFLS— (1 F NV
¥ —=100 M), EETIX 3.3 K>V, HEHEEIES5
Ry ¥, HEZABZ 35 8E (1R F=850
M) ko Tnl, FEEAPEERESFEOEEIC
RolPl, BREHBCESLRTHOEVLRE RN
Bhd, BREEHRC b EERE BN DHEDT,
FREPIFRAIZRE OHK T CBS Dffiffic &b ¥ 5 &
L, 1969 EE» 5 RAIM 2 B R & EhE, 1972
$4F70 IFO List of Cultures (85K 2Pl T
ZEARC L /-,

LI E, JECC Oflliziz- T ICCC-1 DR FEBHESN
NueE2REEPETLOTHT, REOEMIIE,
JFCCADHBERBL WS ATHCEER I LRR
Mol d, EHOBRMIIVIVL LRBIZE AR
BoltlED20MLITHEL L3,
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Stockholr /& Helsinki

Birminghw
LondonZZGsttin
CanterburyZe ‘BdeSEZt

Parise T

Brisbane
.

7

guelpk
Londore”

College Park'.
Beltsville

Honolulu
-

N

d
Guatemala Georgetown

Tucumén
.

Pdrto Alegre

2 MIRCENs (Microbiological Resources Centres)

XI, IR ROBRBFBIEOD (X

EREMEMRRESEL © i 2 hick < HAME
PR TEEH ORI, 1965 FEichE ofca r AT H
REZREDO—HELTLOTHo7H, Thoest
LTIJFCCORULLEBENNE L bDTRro7zD
2, COBEOREERISHATH -7 2 L 2F 2 0,
BULAURTHE-TEWVIRETHA S, MUT, FHE
DERIZ DO THBIZHRRTHE L.

BFE LE BT 2MEMOFARZATADEIR
52 2 BBEASIRPHETCE 300, SEEORNR
HELH3EHMBTCOMRORB LB L DH
Fr—ab 7y arOERY, IOEBRFESEOR
DEMTH- 7. HEZLERREORE, TOWRE
RN LERAINF »—aV 7Y a v DERK, N4 %
FI7/aY—-DRHFTINSEIGR B ERDIEY
ERFBT A0, 24X 33RO Mi-
crobiological Resources Centre (MIRCEN) %}
T, REECREEE2ZOAY b —o TR LE
FHEL, B, TOEFAHIBRE LCHBET V7 2%
W, #OHEEY ¥ —iid/Nra s 2FE, BEIRH
FOHEH T EAEN TR, HERTR, KEA%ET
B HMEMEEBRAERFERENR T o h, B
EEFBE L, BRERZORIBERE LT,
VR EELSHEBT YV 7THEERPNRCHELEOESE
PEETS ZLkotk, FORBEEOR»T, 8

EWFBELEANF v — 2V 7 ¥ a VIZHEKEGH
MeEMBRE GUBRBAER) L MR AR
(B B4, BE BiEL, £8) sMEHLL.

23 A3 ERBFEBEZOYS TH 5 MIRCEN 13,
HE7ITEDOWT, T7VH, BT AVINEF
DOBFEW IS AL, SHCEAEREOW
Lo THROEMBICELNLT WS (M2), BETIH,
KIEAZRAEY TRERELI L v § — (RFEASELER)
& WFCC World Data Center (BALZEIZERT) »%
MIRCEN D18%E # %} 7-. MIRCEN 0O#EH: 41568
HEHAHTITbns s, RESFO 1 LT, £9%
HWEFREE (BNF) KL 21+EBUEXEOLZDD
BNF-MIRCEN DiEEIRFEFT 1 IKRT(2)., 24 A
2@ MIRCEN w3 WFCC o< B Ic -
T35,

Xt, 3 & &

AERIC B W T, BRIEOFIHICEKRD & A>T &M
EPRFEORBIE>TAHNF v —a VL 7 ¥ 3 b
MENTBBOVWTHALL, FBTIHEHIK
b o I BB YBRRERIEER (IFCC) OMEU#iF
KIEC, XREDEETIAODAINFr—aV T
v a RS L TS hi HRMEREE S
(JFCC) 8, #DHHOH L LOIEE L RBOBE,
1970 FE O HFRMAEMREEER (WFCC) OBIIKE
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%1 BNF-MIRCEN 0EE)
A. Rhizobium Culture Collections at MIRCENS

MIRCENS

Number of strains

. Bambey (Dakar)
Beltsville

' Hawaii
Nairobi
Porto Alegre

50
938
2,000
208
650

3,846

B. Distribution of Cultures of Rhizobium

MIRCEN Number of Cultures Recipient institutions in

Bambey (Dakar) 8 Gambia, Mali, Yemen

Beltsville 508 Zimbabwe, Nigeria, Yugoslavia,
India, Spain, Vietnam, Ireland,
Malaysia, England, Italy, Canada,
Brazil, Mexico, Colombia, South
Africa, Senegal, Egypt, Poland,
Argentina, Turkey, W. Germany,
Austria, Australia and New Zealand

Hawaii 200 Global

Nairobi 95 Uganda, Malawi, Tanzania,
Mauritius, Sudan, Congo, Zaire,
Rwanda

Porto Alegre 943 Argentina, Chile, Bolivia

Uruguay, Peru, Ecuador, Colombia,
Venezuela, El Salvador, Dominican
Republic, Mexico, US.A.,
Trinidad, Brazil

ERBEERTETOBREE LD,

HRIZH - I BESERRSEIC & 2 XMEHPE S
THNEHERE» L2 & T, REREDEROEN I
B AFERED S, T FEEROEE L Bt~
OFE»PZEEICITFE LOBERH - L BELTH
3, JFCC S8 DB M TR O 2 THE L,
IEE» OB ESNLTEOEEEED L2 N TE
oD, BEATESOVHICERIEEECEE N
BLEDT, FTLREETH-NEVINRETHS

>

J.
HADEERIC L 224X 1 HARBYEE (4o
MEORE] &, 20—BLLTERTHEgEsR:
ICCC-1 12 &>T, JFCCOZIZEBHIW LS h,
WFCC ORMKEBLTREL BRI 2y
7z,

WFCC DFFITHEMIZ IAMS S L, & Fi3

IAMS iZFRET 248, ZTDRIDEMEIT 2 5 X 2 HA
BB b Teh s, BRI FA2ZOMER
SR 5 OB LB O T I EET 2 O
o, Bicaix X a0 MIRCEN B8 & 338wkt
BEhsZ ek s,

JFCCoERELT, ICCC-1 DB 2N LR
B BE#EIS, 1973 %, Vice-President % F2{F7,
WEFCC 4% Honorary Life Member OFELHEoNn
T, 19925 (FER4F) 3H18H, 69 FDEERK
Zlz. &i, BEBRA~Z AR 2 HRBIEEYE, [#HE
MoMRORE] ORERES LT, RSB LEOG
FRMEYFRES, 8L MR L BROMEMREE
BECHSRKOBRERE L LROE—E I 1994 5
(R 64E) 12H9H, TROKER2E2S LTHROA
ANEo7 BB SEBFE 1B LE10EE 2 BB
FNENADOEEOFH LEERN1H 5,



A History of Microbial Culture Collections in Japan 105

®2 JFCCEE - BInR—EXR (tn1)

1, BHE HEEH

HEHE LHEitX

1951 £ (HBH0 26 4F) — 1953 4 (HEFD 28 4E)
2. HEE NE ¥

HHHE ZRYR (1955 £ 5 TEIFMEES)

1953 4= (BB 28 £E) — 1957 4F (FEF1 32 )
3.8 R ROE—E

Bl&E  THEIEMuER

1957 4 (BAF 32 ££) — 1959 £ (HBF] 34 4F)
4,2 B EHBE (LX)

Bl&E  TBEIFMYER

1959 42 (HAFN 34 ) — 1963 4= (REFN 38 48)
5. & TREIEPYER

BleR  RE OE

1963 4 (HAFN 38 £2) — 1966 4F (REF 41 4F)
6. 2 B BFE B

Bk Eho#

1966 4 (HAA1 41 ££) — 1971 £ (REF( 46 4F)

B, BEFWMERBUBIFCEE L [8Emrk
ry—] RFNEDOZFDOHBRTH B2, FEZOMO
BHE»S, BR2HARC LI TEBICIIES R
Mol LarLEds, NEORERREBOESIC
L oT, BURIEZ 1970 EROEEL LT[54 794 =
Y AMERE ] OFMBEREL, ZOEEMAD 1D
EUT, 1980 &, [MAEMRFHEERR] 2B by
FRICERBE L, REFECSMNEYL. Thicly 585
Bz RE~ED, 1966 Fiw BEEMEHRSESEHL
ToEIET i, B RS L RN A
BEELTI#EEFEy Y~ (RFF) BhEMWEsh
Tz, ThobEREEEZT (747941
AWHEBRE | OZHhCEIENRTNVE,

KO I Y 2 WO JFCC &R (HEE), 8l&
R’ (BBFHEE) ORE8 & UETHE2 £ 2 KBk,

AR Rz MIRCEN B4 2 (53R BRI 5
FEREREZE» STEW ., JZWRELTEL #H7LE
LT 5,

X B

L 1 OEBRBEMEGRESE 2WA®R20) :
781-805 (1969).

WO ERMEPRRESHERLT pIs8l
BEE— 51 OEEMEYHREESEEKLIT b
782-783

N EIEEE 8B 1 BEBMEIREESH IOV T
p.783-784

R B SHRORBBLSHBORE p785-788
RIHES - BEFEZAS - REFHT - Bz - 5
B-MREH - BRONRG - ZBf— -8B & £
BOBEE  p.788-800

KIMEF  BEfTHE  p.800-802

HE E EEREMEUHRRTERROEE R SVLT b
802-805,

2. Da Silva, E. J. Culture Collections : A Field for
International Cooperation. Symbiosis 2 p. 249-263,
Balaban Publ., Philadelphia/Rehovot (1986),

3. RENEK, BMEVHRREEBE 208, £1EE
ERMEYRAESBEC BT 28R TP LT, b
AT (11) © 684-689 (1969).

4, lizuka, H. and Hasegawa, T. Proceedings of the 1st
International Conference on Culture Collections
625 pp. Univ. Tokyo Press, Tokyo (1970).

5. International Association of Microbiological Soci-
eties Section on Culture Collections, Minutes of the
Meetings (Friday, 7 August 1970, Hotel Maria
Isabel, Mexico City, Mexico). Int. J. Syst. Bacteriol.
22 (4) :406-409 (1972),

6. BRIBAIAS. EVRIEHEBIC BT 2 RHEFEERZ D
WTOHRES, FHTAH 20(6) © 390-404 (1967),

7. ROE—H. BEHREEOLBICOWT, EAART
(6) - 342-344 (1954).
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HADMERRITHH
3. EPVEBRL ZOEE (T)

EAIRH

£ 1 BERMEKREEFESE ICCC-1, 1968 F) ®
HRg s L e AREYRETEESR
(WFCC) &7z Bd 2, HAMESREFHEES
(JFCC) 0¥ 73EEE JFCC RIERLISED B R IR
THol 3). WIETHRL, IOEEBNERRI,
HExz3 2 aENEESE L UEERRMEHE L OB
BF—AT—2I2kBbDTRES-7H, JFCC DiF
KE~NDOEE LS $ ¥ BMENH 722 L id, B
46 £E (1971 ££) & JFCC A&z B v TREMES T
THEELTRY B oA ENEDbhTY
Jo. BT, 2T IORSHBEREPIN HIF, LR
ORREDPVEALZ LD OBERITI LT 3,

1. BBFN46 FEE JFCC BR#ER

HEF BBFI46 E£5 H 26 H

BT L LS EAESE

HEE GRFRS, A-+HEIE) - R 35° (EXIG
MEF, TAM) - FHEMFKO EKAE, MTU) - Mg
— (BRAfHE, RIMD) - BHEERCBRATL, OUT) -
HRE% (RIMD) -E#zst GERERS, 1ID) -
ES)IRIEC (380, 1IFO) « IB=#K0 (RIMD) -
AR EC (IID) - ERAEEC (FKI, HUT) -
ZHEM— (RIMD) « (HE—XC (IAM) - FH &C
bk, AHU) Oz #SEa(R.

BEE  BEWFARS (CHEREE)

#® ORIRE BESERREORD, ERBIRRED
EEERITU..

AERERE (RF)

(1) BBFI45FE 8 B, A ¥ 2T TOEBRMEY
#¥£13, Section on Culture Collections DfERE &
World Federation for Culture Collections
(WFCC) D&z %A, WFCCERE L L TR
(President) i< S.M. Martin, Bl&E (Vice-Presi-
dent) WERIR BE, EHHEZE (Secretary) i S.P.
Lapage, £EBEH (Treasurer) i& V.B.D. Skerman
D4 KERAI, %8B, WECC R % TD JFCC O
BH L TR#HORESRS L,

(2) BMHSEINBEIBHOBE S T,

WFCC ~DIBEEIz >W»T, JFCC L LTz
AT RELBFHZEN, MBI EERBEOEH
BEEwEY, JFCCrLTRIMBLEVWI EIXR-
7z,

#FE (HEEEi

(1) BEHREFCO LT

(1) EHREETE, FMEOELVWEKROEME
a7 ¥z (specialized collection) ¥ EHT
BARET, H¥O JFCCREMBav Y a vy
ZY b7 —7 RERIBOTHEERT 22 LY
EFLL, BMINBEHBELZOL I RBRTEINEE
na,

(2) ZOLHIFEEROMBEL LT, &HEH
DAE, TH, BBOREOESERINLZ TN
i eizun,

(3) HIBE#EAD > B, AT, BEMH, dtX
B, HRAERCHEE e L, IR0 47 £
MEYBHRRTFRBROER:, R HACHITZE
FEOMEORE, RARERABOEREHTFE
T, {Ex OBBOERY JFCC £ LTHFR/FTAN
ETH5,

(2) MEWHLYI—FILDOWT

(1) EREMEoRELMEDMKE Y 5 — DR
I e OBEMSREIREIC 2 5, EiSHRRREORE v
¥ —i%, HELCEMNERSERTSTOERH
DT OB ITOBBBL TR, BEEYE
DFRFICOWTIE, T CEFREOFTEDOHEH
iR Tz, EREMORFERE bILVIEER, &8
METERINIERBEICETHS,

(2) WMEYHREr Y —MEXEZOHECE
¥ 5213, JFCC & LTERIT & b <, HEZEM
LB (METHRL > ¥ - RFERER), BRE
2, BREFREANORLLER T 2T ZILIX
T& &5, JFCCMEERMED 2, i3, MEDE
Ly —REIRMOFELH B, LoLigd
5, %< OMBIERYZEE L L THREYKkRE
VY —DFEDOFBITIBFELLEFL TS, X
DEELILE, ETRVI-DOTHEHERS
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~NEFEOBBERELRRARCERTLZILTH
3, EHBEOFE LKL —DFE, ZH
R—Tld R EET S,

(3) XERE, BANZ RREEHRE IR
ELTEET LY, —K»rEV0EHEERAIL
THANEEETELRDI L b — bt T 5,
BAEMBOREFEIC VTR, BRHEOEEE,
BB OB IRRL, HMEr CREETELES
BE» S DFEEROIBROHIEHEC 2575
3.
(3) JFCC DiFkEtEICDWT

(1) #HEEAOESLT 3. BASE, BH

&8, BPHLERRY, TAThI VSRR

L, BERCL-> TEEYT 5. HRRRBHESL

B 2T 2, HERBEOMBLET TS

558, FRIZBEAMNAZEHE L, WECC OFHE

bk (VRO AR 1:E T

(2) ¥2»EgTHREIRSHEbORL,
BEIBEEOFMICL D ENRD.

(3) HOEFEHEEHZ, BEREZROLER
BE SRS T, BEREMEH 2 W3 (1), (2)
D RATHE I B HER BT 3 L L id—ER
WThH5, ULdrUKEMERFRFTCATER O
EIROBFHEAZZINIEERBETIIRVWIES S,

(4) FPkEHEIR, JFCC O NI THRINICEE
203 LT HHEN TR, IR,
Fo FEEEBELILVELEED, ThOOE
REDFARF G20 DOHEEED TV IRET
H5,

(4) PREHEEERDOWVT

FEROBHBOR, EHE LT, ERORIES
BEEFEHL, ERCZHARK ERERWD 2ZER
WEY, JERE, REEMRE R L L IEkEtES
BE&%®DLK Y, ko JFCC OBzt sbitiy
THIAE OFATHERHEERETL, »2Zho%
S E 2 TENMBEEORE & v UEOMBEONK
PERT D ko,

(5) &K, BleRO%E

EMENESECHE I N, AR DHEFERS
EXETOHY, EEEFEOZI L HH 0T, TR
REHFEOLRELILWEREELHD, TR N,

(6) WFCC @ membership % D1l

FHEK LD, BEEFE=MK (RIMDfif{%) »5
DERKICK T 5 Skerman KOEREORBHEE
BRLLTEAN G,

WFCC 0BEH¥ S8 t BB cEdzhEFhEA
B & MREEEBMAT S, JFCCHEMT 20T
HNEHBSENELTH S >, FEBEEOER .
LT, EARZERTH 5,0 10 £ EOER,
O 5 U EOMEDEE OFE, QB OREE,
@V A b ORTT, OREETROERE, ORFRR
BEADEH, BHMFLLizv,

fige 1. BEF45 E£F JFCC &51RE

2. WBFD 45 EEEFHERE

A F2EBF1 46 EE JFCCREFEFOESTD
3, ZONE, SEORERETRKEFBEETH-
e s, ZORBCEXHEREE, EUENABRKD
HEERD, BEURREEEZC DL TRERROR
HFHRES L OMESZSEERL, FhicEELT
ook FORERHEBERIHENTWREBDT,
KERG TR —HOBEIHBEL 2, RERBEOM
BICE->TEU2EFEEORRCORATEY, &
R L TERLNLT REMEAORBEE D
D -tz, EELSHIHEOEE T 5 R
BORFIC DT, IHERFEENR, ANFERKO
[REZZB 2 RMREFEOTNR & MEA—HE
Mgk E O] LT 2R (5) Ol AR
BHL0s, INERELTHENTS., TR
BEFD 47 5 (1972 ) EMEYREREE -FFlEEE
D—EXEPERATCETHZ0T, JARE 1 TET
7o, BBIORCBUTOREBRTEL SN TV,

[ BRITOXNRERKREEEEDOD Ve %
BT 2 08NS D, RE, FMNERSFNER
SESIBWT, REREFEEEBINTIHD
7o 2R LT 5 B8 48 W i WER 2 &8
MEBCTLHONETHSD.,

BUYAE TORFKEEBEEOMBEAR VT, HK
RO LSBT 5,

(1) HAEYRIERELZVELTVEIBRE
EXELIPT L, REERNCEETLIZELE
BThs, thBET I AHE, %, BShkE0
H»oWENH D, MEYOBEY —ERHCERE
TELERD D,

(2) REREERVROED, FEEOWER
DODEHLNE L, HOHHOED > b RFHIEE
BE#CE < 2EHN, HIREHCEEESLL, b
BVREEREEREEE S 3 2 L LREBIEN T
RT3,
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®1 BT EEREYHRETICHTIRMEFRULUIC

SRlEER
(X&)
1. RERER (M)
tEEAXERESR & % # 7 466
Bk K %2 B ¥ B\ FRUEMESKRE 300
HHEBRBAZEZS | Z A E M B F 300
HER XKERBRBERE K KR F 620
" EHEEE TR 502
Vi VI MNAYESBRE 846
E R AREFEZH FEEGHKEREE 1,019
EMRXRERE XN 7Y 7 LEEER 200
AR X% I Z2HBE ¥ R F 374
h B XK I %8B E K B *F 316
7N &t 4,943

2. BREER

T #EKRFE R KO %R

BE K RE 413

HERA¥EENEHRF | REMEDHEERER 1,481
HEC KRG YR | G BMEY H#E 1,370
) B 7 1,777
N £t 5,041

3. %7 O b
B 32 i &% 0 & B | IRRALERKEE 889
5 10,873

(3) EORAOPIZEE L OBEHRB L UEHOR
PRERCHELOOH Y, pORFHRSOFLEED
WD, ZHAICELOBHLERESHEET
2Lk oTER,

(4) WEVHROREE, RETLICOHE, TEL
WIEEIEBE D, TBEERETIARELTY
B l, BELTHTSRDTWLIAMBEL, Lk
P THRER S ICEHENE > T B, £R7AN
4 PEELTH, FODDAMRIIRHEER,
BREER, s EBRBORRETCELbATY
3o, RO L ) i, MEEEORE T,
fOWMECETLIEALSCETLLEFESNES &
SRHS>TETHD, LD EAHES, ¢
S BERMEMKREFRBLTL TS, ZOHEKE
EHE, REL, MIEEREL T {BEEI LY
EDEEVH-T, BFFRE,ED THE M
HELEELTHDHDH 3B,

PETENKOWmIOFIAER L 24, HEHCE
SN REPSOELE BT 2 RS HROBEE %

DRI BEDIENTE S, BEYHRES
B LT ZDIEE 2RI TORLELALR, BROK
EERDLEEOBEERYIECBITEDEREDLDT
by, AEEMLHE» sHINMEYHE LY 5 —%
~OEEWHR b T OEBR R EERBO R OBIR &
HERET P2z, BT 212, BEFOBEHKR
FrFOREFEOETERSATWS [EFaL
7vavdiy NI — 7 BERBIEBOWI-EHE LM
Mkt y Y —OTHEROBMETE] bESILL
SRBOEESHEHEL TREVITL VLD THo7:,
R METRRE Y —mEe s, EHOSROAEE
LT, BESZECBELPFESIEBE~S8LLT
JFCC BT 5 Z L RESFUBITARETHD L
OFFBOEEOZLICEE L, 5 L TEEIEZ
ZEFEERHENL IR ZORFEL, EHIZH
VEEAOBRHLEOD IR D, kB, EEK
HEREE (MTU) &, #EROTRK L > THEDHEH
DED, 19834, E¥H» SEHLL 2,
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. EEBEEOEE (¥D2)

SEOHEDL DI, 1973F, BEOTEERT
EMERETHENLIMBEREMNICI 2T, Froll
ToBESEE L L THESBCNb -7 (BE+HSIE, <
N DEMIBBRER LI E>T, 208, waL
LEFFEENTBENL R B, FLOEAHRE 20
FEFRE S JFCC H 7 0/ % BRBO I L, REZLR
HEREE. )

1, BEAREXTENMYEEREREL > 5 —

(IMRG, ({&% =& &)
2. FEBRZE T A VAR (VR, FH A

1)
3. BARBARBRIMEEMEYSE (NHL, &
. EH ®)

4, ERTERERERT (RIB, RFF  EMHZ)
5. TERFEEYIEHVERR (B4, BT,
IFM, RF%  #HH# 1B
6. BHRERERWMMEFRERAMHEER
(NIAS, RFH @ EXKEMT)
7. BEMAEMEABBRER (FFPRL, XF ¥
=303
8. HELEHIRrESEEN 5= (IPCR, ARHE
HFEEE)
BRI 49 % (1974 %) BEfs (BihaeR) Dk, A%
& H A AEYSRE RS D & HARMEYRETE
BHEEESZHh, TOEXHH WFCCIzk 5o T,
Japan Federation for Culture Collections (JFCC)
Lhot:, EMOXERCGbE TERIBAZSH %
B, RSB BESE BRI LD T,
HUOHIEL KD S iz, FHEAIZIBR52 EERS
(RBNRBESR) TEHRARSNL (R2). k0
EREGA T REREOHEGHNERII 2D,
ESHMEREED DI I LRl TOE, EEEh
Te=BEIE, BASR 104, BE<E 18, &8, FE
KeESCEKEEXZ0CMBELLESRI3 331K
BATE,

I, HERE & URiEE)

1977 4, MAWE L L b IWEBHI= 2 —A vy —%
FEMBTTAILERD, TODZa—AVI—D
£ZFri3 [JFCC Newsletter] LB - Tualzds,
AR LNBELDEEUNM IR TRSBE @, BE
2E), EHOTHELEHONS, BET AN 0ER
BlEREEEEL, BEBERE, REAEERSEM
KR, EAFCBAMEYHRRRL S i RROBE L

MEFRBEDRRFEERZSZATHSE L, =2 —
AV —BIEFACRITHEE, 1984 F, ¥1H THEZER
XBJ/E N O2BEBE»ISEFLFECLY, HE
Z THEMEMSHREFERESEE Bulletin of the Japan
Federation for Culture Collections] #3fEHE & iz,
FLOLWESHEOREELER I, HEBEYERESOR
B CHEEAREREMCE N, FEORE
& 0T 1994 L, RERBELEFIEAMEDER
o= (B4, Microbiology and Culture Collec-
tions) JWEE & hiz, =2 —AV I —OFT, &FD .
FHT EfEvs CEBOREE L, 1977 EXBITL SR E
ERRENRL CEERRABI Ltk 3,

[JFCC Catalogue of Culturesf 13 1968 &z HT»
5ZDHEIELIES <R A0, UMEREHEE
(B) OEFENSETIC LD, 1977 £E W [ BRMEMSE
FHBESTITOL O OTHHAE ] (KEE  HEFZ
BIRERECAMEMUIRIEER) gD, 1979 F
RBREIRELTHITA NI, BIFEEL -0
I, 1966 £ ¥ 1968 ££iZ Hi 7z Additional edition % %5
ZIRICRI T Th S, CORETHBZEEEE
BReLUUTbhD, TOREETFAEEL HEHb
FHRFHENFRRFRRER) ¥ TEE - L, 1987
FEWE4RR, 1992 FHE 5 R ETFIITBEE W, 2B 2
NODBREABTR DWW TETHELORENDH S (6).

¥SEHIMESHR2ENL CHET 2B THD
SRz, 1973, HBEAHEES RIS VF v
—avryarPifEs (2K EHEMNRERER) «©
B, ¥SoBR&Tu s ABTsR: T8 1EY
WF =V 7yafIREY VRV YA OREIC
BML, UBLHEBEDOST SIS PRI TALLT
BIESFR L TITO ik oz, &7, 1977 £EBE
MEETYE (R - BREYTIER) BB, FE
FEEAETYURI YA (BEYOIESE] 2FE
ML, D, BSRBOYVyRY Y AfES Ry (=
2—A VY —),

JFCC ik, SEEDTHTHIIAE » 7 1985 ELIRE, HH
DFEFPTEEEEMIITO 2 Lk D, BEy VK
VUL, bESEE I F—, BEREMEH Y VRY Y
by, ZRRAV—I v avy/, SEEBRL EEHR
EEEERER L, CHCET 35RRSERER
HTW3, 5 LGB JFCC 0¥ ORREIC—
BOBLEDFLI LiZ Tz,

V., 5S4 744 EERL Y JFCC
EE, NAAF 2 /0P —FDMIA THA LY R



110

Takezi HASEGAWA

®2 BEREDHRTERRN

(1977 % 6 B 3 HElE 197949 A 7 H&IE)

BE1E #® &1
B 1 & FERE, HEUEDRREEER CHRY B,
ZDEFRDOFEERE, Japan Federation for
Culture Collections, % DBgE 12 JFCC L2,
2 & REHIR, BAEN THEMKOINE, R,
T U BEA R M 2 BRI HE T3
B 3 EASB L UREHOEZENICER
TAEAE L EEEELTHRET 5.
B3 & KEHE, BEMEERITENICEL.

EoE HORUEE
B4 & FERE, SEHEORBREKCIBIC
> T, WEMKROIE, BEF, XK, Bty
T 2EEOHBLRERERD, b THE
W 2 OIEREWEOESCES T L5E
g5,
B 5 & FEHE, WEOBMICE-T, ROEES
172,
(1) MEDFONERRECET 2 BSHE
DT
(2) WMEWHONE, #1F, TE, BAR K
BT 2 EERUH-EA
(3) MEKROEERFREDHER &Y
PR LEDERR Do HA ,
(4) WmEMCET 2ERONE, BE, R5,
e
(5) EH EERET & s
(6) MEMET 2MELRUHRES OB
(7) Zofh, BREERT DI LERELE

EIE & =}
£ 6 & XEHOL£EIEESE, @
LEDZHET 5,
87 & BESEOAZRBESSHEL, BLSOH
ERTHRESNS,
2, BESBRNAERE 1 £2ED, JhiBBm
BEILZOHE RS,
3. BHESBEORKRELEELLES VALY
3,
BB F BAKRLLTALR2HRETZ LD, FIE
DOHAER D TERGHAL LD ET S,
¥ 9 & HPKBRAEROBECERLZOBEEY
BEIT 3700, MIEOSBEEMALHiEE
BEALT S,
SANROEZFOLThALCEYT S L &
i, SEOBRELS.
(1) BesoBREddHolz s &
(2) BEBCBLWIREDERNEDII LED
Shizk &
B 1l & BASEBIVEDSEREESTPESR T
o350 L3 5 RBOBRIINC ZWEED 3,

SRR UE

¥ 10 %

B4E HREKUEM
812 % FEHER, 2RIZKUVEISRLIZWL2E

ZES.
813 % KRRVEISRER, BREOFEETRESL
%

BUR SREFHEHOEB PHEEL, ZoEBEPR
%75,
2. BIERUISERWHEL, 2SRCERSHZ L
22, BESOFETETFOBMBLRITT 3,
¥ 15 & oRRUVEISROAHR 2EELT 3, HL,
HERHT R,
2. MR L > TRELISERVEISEDEH
i, BIEEOBRTIME 75,
16 & AEHC, BEETLEEL.
B 17T & BEE, SESBRBELBSOEATYZ 3.
518 & BEE, SEPHEL, ZoEHOSKEL
Y5,
2. BESESR, BIERRUBHEEUCRRT
FHEBACEREI LB,
2, BRUSEPBBLBSOEREE L5,
3. BEBHRAEHOEERUMELEET 5,
FEBCEEEREL L8 TE D,
2. M, SREMHEEL, BR0BRPETHE
an5,

BoE # =

1% #B5E, EHORSHREBSEE 75,

2 5% BER, £L2BO=Z50—0HEIZ L > TR
iUT 5. BL, BERERELZSORHBEL
AT,

2. BUE, TRTHESBOBREROERIC X
5,
B 23 % Bl BEEINENRCERVSEET S,
SENPELED L 213, EERCBRLYE
ETHIENTED,
. BRER, BEOBEELL S,

2
=2

Eew HAERS
#24 R BHOFEREAERET 200 LESHS &
g, COBRCKHIBRK|EBI B cHT
&5,

BETE & it
COHEEOREL, SROSE, FHEeED
HOWRAZS>THTS.
COBEMOSIHERE, EA4B 1 Itk
DBEIF I Bigiks,

25 %
% 26 %

BLEEHE
1. B1T£0BEIRESE (REH), BALKERYV
EBHEREDI b OERLOE TS,
2. BUROFAINEESD—D LT, B, BB
RUBEL D25 FHREEESH PR 2,
3. BEHEMIERAZFEREMERICS <.




A History of Microbial Culture Collections in Japan 111

DORBEEEDZ, EMEFRZ OV FRICEET 515
WOMEIFRICBOCLALERIN L LS Ko7z
ZEbHoT, bHETH NEBREAE DM T
HEBEFEHESBHIZI T A 794 2 AWSMBHRT S
N, 1974 &, FRBREAL LTS A 794 2V AR
gLy —RRIUT AFEEHREE, LY HZTEL
FWRATI T A 794 > AP RE & L TER
B EY s EOEMER Y v 5 — L 2 OBEBRY
VI —-DEFEORE DD S M, FO%, FEEOD
MOEE» S, FIREARIOFED [RE s —
DOERE R R 3 & 5 LS E BLEPRICEL ] &
WS I EDb 51 1976 Fiid, [EIEEWERS 4
TY A X AFRIERE | BRESNDL I LSRES
1o, BMEDBEERS A T LADORMBIZOVLTIE, T4
TY A Ly AHER JFCC BB T s iy,
ERCHEAKEREHEFREE JFCCEISR) 28
B, #HESHSEELLSKROEE (FEFH 3 £,
ZOM24E) ok 2EMERMSFERE L (12).
BLREFR CIThN B 5 A 79 (4 = A EEE
ZBHTED BT s iR, OFBLHIEORE,
@34 AV T 75— BT 2R, QAL O,
@FIEERR BT 2 719, @EMBEEWEOERD 5
BEThoT, INSOMROHEEED DI, H
{LEERRFEATIE 1966 - HAEMLSBHI BT EEL
72 FE20 3 ¥i#E,
(1) WEAMEDREERN A
— WL vy — (R
(2) PIREESHEETEEREN A
—BEFE LY — (R
(3) WIERMREYRER A
— KBt ¥ — (RFR)
ZEEET B LR, 1979 F, [ MEMTHRER
R ORBEH) bz, (94 7494 v AREHE
Yoy —| BLU [REEMERBEE] (OEH) @
BUEREL. IS OBBOHESICHDE T, 1981
&, [F4A 791 2 AMRZBEFEEEES DR
BL, BERCHNZIB{CERERBENEE (&
HRZLEHIR), BRI, BFEWEFTS A 794
L AMEBREEEB AN, HIBEMEXLHEHE
(M AEZRBYhRIFER) tEE (MHEEAR
BWEREE), B L RSB b EFREnER
WEEFERERD I HORESRE > 72, MEWTE
BRERROBREL L L TEBLEWERICS 4 74
4 T ABEREYWOSFHRIN, BR GET) CRE
U BRI BRI AR SR 0 iR R &

D, AR 4 794 2 APRBEREREH LD 2
Lotz [B{CEMRFMEDRREERR 3%
DEFERZERD, FEXLZIE “Japan Collection of
Microorganisms (JCM) "2 & R, 1983 &, [JCM
Catalogue of Strains] D& 1 lROFHT = niz,

HAFMEHSBEDI R > 5 — 55> 7 BylEks %
ol nHEERE L, ENTKEZOM, RESEE
7 EOERFRS AMER 2 EHM L T 2 RHEES
FIEEBIL 72, JFCC MREFEBEERBEOBN» S, 21
EER LI Z Lk, BTEOIEF 46 £ JFCC B4E
BRCEEIN TV, By 5 cMETRETRN» SIE
EEDTHRAFCRET LI L 2EH LT —
ERavrvarvereryy—LUEIH, RBEERE
ELHEBLT AHELER L Ro Tz 3B
TH 5, JFCC T, fEfh o MEDSTHBEA » REEE
D—WELTIT->TETw 3, SHELEOEIZE
DEIBFERSVEELLZIERB RV, JCM b EE
IR JFCC 0B L2 0, hoBELSE LR%0
VB TH—ERaVv sy are LTEHESETFTNS
M, WEOLI3, HFiceryy—Wirgr szl
LTz,

V. WFCC ~ni8h

BE BT -IER46 £E JFCCREFERO R D
T, EBEE LT WFCCEMULZWLEWLSHBED
RREEBRL T3P, BUBEFOKE WFCC
&EHE, VBD. Skerman BEOERYE R R 2
12D, TORBEHVEDRIDIZR>TLES T,
RESFEHD 1975 £, WFCC HEMESB ORI 5
WML EW JFCC IR ZF 0EFE 22 CHFBSE (sus-
taining member) I % - 7z, JFCC &£ B D WFCC ~
D&M, EEROBBRCHLLBVEBTH> .
L7zd-T, BE<BDOS (I WFCCo#BE& A
(affiliated member) %3fta, /-HBIRRE %DMt
FEESLE (ordinary member) & LT&MML7. #]
B BHEIE (1970~1973 &) B L UEHE (1976~1981
F) 113 WFCC 08lI&E (Vice-President) Z#ifh,
#H & (Board Member) & L TE BN B £ &
(1981~1989 £), BB H T (1989~1992 £E),
WSt (1992~1996 ), MAE B (1996 £
~) O WFCC DBHE ch b -7, BRERE,
—HFHAER I 5 e “Data Coding and  Processing
Committee” MK (Chairman) ZFHE (1976~1981
F)LTh o, HHREMAE E TOWH55% %, Skerman
B OBBEH L LT, 1986 £, World Data Centre



112 Takezi HAsEGawa

for Microorganisms (=World Data Center,
WDCM, WDC) #7 YR~V (AR FFU7)
@ Queensland KEZEBEZEE b & M OB EH 4R
ZAT7H ALY AMBBFRE~BEINLLE, 20
Director #3¥ 32 Z L ick -7 (7). WDCM »
Director i, Editor of Newsletter & & & 12, Member
Exofficio BB LOERK % D% E) £ LT WFCC ©
HE< (Executive Board) wwhnb s Z EMNEDH SN
Twb, 1989 4F, BIEREOH L 2RI TI4 794
IVARERER L - HERFEB L, B
WDCM O Director O3{F & £ b1z, “World Direc-
tory of Collections of Cultures of Microorganisms”
(58 4 HR, 1993 &) 2 Y OFEHREEL Lz, BRI
1996 %, B BEEMEFENERFEL Y 5 —5F
SEMRZERWCEL L2, WDCM DiF 3 X Direc-
tor 5| EDTWICHKE T LI LR E DT,
WDCM DOZEHS 1997 £ 4 AL, Hersy— (EB
M) KBsZenor.

VI, HENY—EXaL s>
JFCC OO e T, WEMRDIBEEHIZ OV
T, BISZRROBKIEE 34 (BT ik [5&ifs L UE
Bl EHBOITHL, FROE2H& TFBHLLR
Bofi) LI REBEERRWLOER, EEEsAES
5% 2 BB HBEA - BIEE T2 0E,
BBEZNZThOURIETLEED E» 50T L b8
TITROEOFEBBE LT v ThH-7. BE, KE
MERCIISERBSHD 5 L, BRESHZ 80k
DR, FHEEARRCEIHEOSES, fREEO
ISR I 2BNBH 305, FhEANLD
NAEHBEBCTIT> T a8 L 52, L2,
FRHEBECBEANO—DIC L T 1953 FIoBT I
T REKELBMEYRAT (8 « St
AT, IAM) OBETH % 53, FRAEBELFT L LT 1969
FEiww [HRAEREERR] 2RI oni, - o0&
1989 i [HAEMWHIBRERE Y vy —] L 204 %
Bz, PHERLBHRD &7 1993 1013 [F4E -4
BESTHREY VY —] KEbohl, BEX¥SFER
Tid, KZEBETREAORES b 2 2 OWEFROME
VIRFEELPT T, 1969 L1, BIERE & X8 hE
BERIT, ERAREAHL T 2ER L ETESE
PHEHYTLHERBHIL, RESEROWECRTE
FRRET 2AMOBERICEA L, BEIZTEHFIH
—Tefb &, HHEERFIERL TELMESEEORE
HTFTBELNTWE, ORI B 5 BHlEEy

ROREE BRI LINCSHOIRY, 1950 ERH ST T
W BEER R R EWMTb N T & 72, 1993 12 1,
WAk & I BREROBE s u L LT 1AM
Catalogue of Strains] (3 1iR) STIfTES A T3,
FEHE B D W I ENRTBERTEEAT (NIES) O
REMRTH ZORFEEITONTE Y, [NIES—
Collection List of Strains (Microalgae and Proto-
zoa) J D& 1 K% 1985 £EiCFIAT, 1997 £ SR &
Rz, s 2 OOETHEBEOKO ST, EATE
BN ELEAMETH 525, Ak, 2hAFhosEH
BT H 2 HEBRACAMEDEHRERMS, HEEA
HERABBRE 7 » —7 A2 HEL, RS E~0H
BRI 1T T 3,

MEDEA F v 7 OEEHRPMEL, SRS %
DR L TREFEFROBRASER2ERE L LT 2 F 5
W, MEEAREBRRERT (FO) &%k AF{L R
B (MEMRHEERER, JCM) 355, BERLEY
A & v, [IFO List of Cultures] i 1996 41248
10 fR%® &+, [JCM Catalogue of Strains} it 1995 4
KEE6RZH L,  IMbEEIHESTERHNE
THZH, IFODYR N7 FVF 77— Ib0b
STWAHDRBFHNTH S, 20Ed», BEHTRE
W, IFO 2 B EYMIIS O RFERESLFIND - ¢
1994 41 [IFO List of Cultures (Animal Cell Lines) }
(AR 25 E LTHLIEBEY A VA Z0DED,
EFSECHET 2 RFHRFEC VT, IEBEEED
EixfFEb, CITiRfhzwy, JFCCEELIS TR
American Type Culture Collection %3, {#&EiE#E=
SHEFEHRREE L L UAEHOSTFCb 250
SRR EIT o> TV 5,

ZOFHEY ) —XOFHET b N5, BEYKD
KEG T BEEERE S N RETR2 T hE, BEYED
MR B SHOBRCZERETH D, FLOERER
DEEREEDTINF -V v a VIR E
HELETRITRESRVERTHS, a5k,
ANFe—aL Y3 VOHEEDEAGL B0
it (2857237 7] T, REMEDSROBEN
BEBBEPOBETINEDHLITY, FOY—E R
Vo vari LTOMENSEE > T, FIAZEORE
HTBLEIBTKRE,

P—ERAV I varEnd BEIE, TR
FWRBERHIHN, FREZLBLTHS, BERF
TREREL (EEEL S aMEY, Fho i3 si
BY 2 UNCBEEERET 5 ABS VO THEH
&, ¥—LRIV 7 ¥ a VIREINT WD HEDH



A History of Microbial Culture Collections in Japan 113

i, BEOEERRIET2BELTMERTHY, &%
BLoo#ERVWbLTLTHE»THE, EEOY —
TRV varicld, LKERACEEREDREE
IV 7 ¥ g (general collection) & FEXFDHIM %4
FELEMEa L 723> (specialized collection)
BHE, TOREMEDRE, BRFELLSEEEINT
E_%bz:bf: NEFLEREHNOMEELILIDS,
WRELSSI LOEHL BRI > THEZNB DT
0, RLUT—RESEEHOSEETREYL, —E2R
avrzyvarRIZSh 3 L TOWZRME, BEWk
BEZYNRBEE TBESEYES R, FOMOWE
i T < AR YIRS OBIR VL okt s
ZADEERPENEI LR TERY, ThIIMAT, &
HEEBERF > T BT EAThOBRIC Lo
THBPZEDOEEXH D, BEOBRTRATRELE
RYTHIEDHB, T URERERR, BEHReL
OFEBLRFEEZHAOTABCIED HLU-Z2RER
L THRERERLIFTN S, HARERER (natu-
ral mutation, spontaneous mutation) OFFFEHIEEE
272 MiF 1930 ERT, BB SDR=y Y VEEFR
Ly s AT, 1940 A S 1950 ERAH T THA
KHFE S N, Z OfR5E, MiggERIC 810 %2 DNA @3
DEYE->THbLWS LEG TN, BAEA
EEBHERETI20RERD L S KHRBEOEE I L 3
BELBE VLS, FRAETFHTEORBLH TR, L
Tetio TR—RFHKTH-> THREEBEL NI, &
ESLOMTHERERZ2ELDIELNHS (2)., #
EMEDRCERERSRB ISRV DIE, BHE
E#ETEELEV IR TELENDD, BHEDORH
BORME & RS EIB L RME S ¥ & - THIE
FRREAHC Z e BRO OGN B, EEREG R
F O OERIREERR S HEMRREOERICR -
FDREFD Li-EHEIEESHTWS, 23 LTRER
ML L, REZHBIFLLE-2TH, F0THOD
HEYMBROBERI B ZRERE, b oYK
BEORBTEINILZIEEER NS T NREEE
ZBEE, MEMENSTFOWREZ L > THNE, W
—vERavryas HBSERIELAFRLLEELZVE
WO ZERETETHHY, FLETLHD, LoLias
5, BB Lo & 5E, REEECETIEALE
Bokz, REWERE* OMHEEEDALES L U
FEBmHID % £, WMEWROHBER £ DHOENA
PELETUNRTIVADERELEHRIEIE Y, 8D
EHCED OO EULVLEERCM 2 Tudr Rk
S5xvolk, HRAORFRECHBET A TH S,

FuRbEHFZE, RESHIEESH- W BEER
KOS BU 28ROV —ERAIV I Y a VS EET
52T, HABCHERVUEEHRORMESEZ T
LZOREBEERFETHL, 2hiEd»bThHL, REL
BEIENED 3 WiEEEE COREBNBRNOBE
BEHETHEELEBEINTINTH S I,

ZOiE»izb BXRENCI, BRMEMERESH
BOBE<E T OMRREREFECHET 2Rk
{Zgwdrs, At LDy —ERIVv 7y arad
W, XB/OBHE O DI LHTEETE R, &
W BI46 FE JFCCHREFESERI T s
DIEERITHTBY, IdoOBEYIREERE
OFBERD I EBEENS,

W, MEYMEEEEeLY—-CRavsvay
OIS N 1: B H 5, EREMEESE
& (IAMS, RiH, 1982 %z Association % Union
KEKL, BEE IUMS ik ok, ) 038 7 HEREHE
WEEH (A by 7 RNA, 1958 ) TORELZT
TTEEE T 5 3 ERME G %% A% International
Committee on Bacteriological Nomenclature (ZR7E
i, EBHEE S EG4AZ B2 International  Com-
mittee on Systematic Bacteriology) Dz, HR
B4 #8/NE B4 Subcommittee on Taxonomy of
Actinomycetes (STA, Chairman : Dr. D. Gottlieb)
ERIL-OE, NIEYMEOEETELYR I OWEEN,
Yk, SEEROTHE» S LE LI LOBEER
L TwhensThofz, STA REEWRE OB
2T, BEROFERLED, FEOSTEEWEE
KOWTERThEHEERAEL - b, ZoMEEDHE
HHCED S BEECHERRL (XELLSEERD
BECLET 2 ENT, ERNEEYL b - o R,
International Streptomyces Project (ISP) ®¥#E X
Wiz, 18 HEIOWIEEH ISP IcBML T 1964 EED
SEMIZA-TH, TOHEKFIIELSTATN]
HOBIIHEEERATIEN 1 I Vv—T%ED, &
6 I N—7NHHEL TELOBEROEE RS,
BIN—THRNTRBET - D—HELHZVEZE, B
MO ITHEEDOHEHFATICER S, REWIKE - 2K
DWW T International Journal of Systematic Bacte-
riology 56 b I HEHERT R B Fek, T ORIT 454 BRI E
Uiz (1,10,11), ZOXEFEWFEIE, ZOHRBEOKRES
VS THRZ DRV S DT, HWEkkE ZD%¥H
DEFEELHE oD THEERHEE LOHRERT
B35, THOSELOEERIIESL I STA HEEE
Y F—IIBELIZRD 4 BEAN, ThEThE—AF



114 Takezi HAsegawa

DEHRI V7 va e UTHEEE R,
Centraalbureau voor Schimmelcultures (CBS, %
Z w5
American Type Culture Collection (ATCC, E)
Research Institute for Antibiotics (RIA, YV 3#)
Institute for Fermentation, Osaka (IFO, BZ)
Eo 4 BB BB L TR—REFOI V7 ¥ a v

BEEshiz0ild, SHBOMEZCEEE»D TR

<, 3K, BIY D 2HOERPERLED LI TNV

KHZTDZ L Th-ore, IFO T, Uk, FIRTH

S TEBEQHET T, ISP FEEHET A L BERK

BREMES (M REBEL) il tRe, ISP REH

BROEMHHISBREER T2 L 2HE L, 5TH

OEMCOVTREAREL L E5EBO L, WRESESAED

B oERF —LERR LTI F 2y 7Y AT A

EREILE: (4), Y—FRaVvIys yEEEFILE

LTORABTH-7, IOF vy IV AT ATEE

CER-STHEL, $HTCRHARBREFESSEHET 2

BEETEASICERE L. TRRMEDBRRTEEED

120HNFERTELD TR, BREF E»SH

THEEREREL - T3,

VI, £ & &

JFCC 2H# 2 L IO FERBEBYIO TE LD
121971 ETh -7 (HBH 46 F£E JFCC HRSHERR) .
ZOEECA> CEBEIEELR S L% HE, 1992 FiC
BASBOLEOIHC L ->T, ZOBBREENY
BiEwir otz 199347 H 9 Hel»h /- Fl 5 £F
JFCC#E (LE—~XESE) B TEHOBE ST
E, FAH, [BEMEDEFRYS Japan Society for
Culture Collections] L& (8,9). ELDH]
ReRic, T ST EERRIHEYRSE
REEER - R BRI, REBOSER, #
ANE&E 272, #4826, BEh2863 Thol:,

FBIMPOEIREEL ZOREY Y -, [HE
OBMEYRGERE] LW REOTTORRTH 3
23, BEBMEDREEEREBET SN EENER L
BB OFEERE, FEEBE R 2 TOBRBORHA
e B BNET, MEUFOERDTH» S HTHE
2, ELOTRTIRERCKRb- LI E:2FEDES
BV, FRFCBT 2RAREFICOVLTRE, Th
PRICHEEZELPBCERBRENE I ENEE L,

BEDHNF ¥ —aVv sy aid, B KIE- &
D 3RZbh 5 MEYWERFOEDSCHE->TEZLS
NI R EM YR B ER S N, WhITED R

%3 JFCCHE -BIaR—RX (tn2)

T.8% B Emgs

Bl&k RE &
1971 45 (WBFI146 ) —1973 & (FERI 48 %)
8. & ®k HRZH

Bl&E  REIREY

1973 £4£ (HBF0 48 £)—1975 & (FBFD 50 4E)
9. & B E#HlR#E

Bl&R  EhoH

1975 £ (BEFA1 50 4£)—1979 &£ (BFF0 54 4F)
10, £ & EHNRE?

BaR HEEZE - A E O

1979 % (BEF 54 £E) —1981 £ (BB 56 4F)
1. & & RHEAOSB

Bl EYU AY

1981 £ (BAF 56 4E) —1983 % (BB 58 4F)
12. & & BEANS

BlesE SRBAITY - BNETY

1983 4£ (HAFD 58 £E) —1985 4E (BBAI 60 ££)
13, £ B fRBEC

Blek BRHETF - LE-R

1985 % (BF0 60 £E) —1989 £ (ERLTTE)
14, & & LB

BleE ¥ £ 0%

1989 &£ (FRRITE) —1993 & (ER 5 )

D BRI A SR R

» [EEE

O RRKFEREAERE

Y REARZEEBFEPEREE

9 PR A FBEIT R R

O I B RFEFEHEE

" RERFICRARMEDT R EER
Y WRAFEAENR L 5 — &

BTHBIEP Y TR, TEEME L TEWEOES

FBTEAINTSREESDD, FROBRZ->TE

TETHRBEETLI4 794 TV AESELSD
FHEIILREED 2AY T, FOBBEOBE s, S,
MEETRHATRIEOXMLEETH S Z LICRE
PHEDLIOBVEL, IhrsbBAREATENS
Th 2 I WEMESIFC BT LWERRLERE,
5T ETIEAMELTWHEDANVF v—a V7 ¥ 3
VEREHEERL, TARBU ROV Y a Yy,
B RMEDFEOESCERT L 27, HEM
EMBREEOFERFLEVIRETHS I,
REOBER DTz > TIHME iz vl, HBEM
EVERFSELHSCARRSE, B BAEEL, &
5 N BRBEYHRTFERERSREENS, RE
B, WBE—RogMLcELHLELHIT 3,



A History of Microbial Culture Collections in Japan 115

X w

. Gottlieb, D. and Shirling, E.B. Cooperative descrip-
tion of type cultures of Streptomyces 1 ; The Inter-
national Streptomyces Project. Int. J. Syst. Bacter-
iol. 17 : 315-322 (1967).

. BRNRR. BEMERCES Z L, BEE¥S-
—A No.17 : 30-34 (1992).

. RBJNEK., BROMEHRAFER 2, BrEML
% O ¥EE (k). Microbiol. Cult. Coll. 12 : 55-
66 (1996).

. Hasegawa, T. and Okami, Y. Confirmation system
for the ISP strains preserved in Japan. IFO Res.
Comm. No. 6 : 1-3 (1973).

. BINER, KEZ BT 2 REREBEOTR L HE
AR R Y0z, HIR No. 183 ¢ 35-41(1973).

. &FKE, JFCCAFa S ESROBREERL T,

Bull. JFCC 9 : 33-34 (1993).

10,

11,

12,

Komagata, K. Relocation of the World Data Cen-
ter. WFCC Newsletter No. 11 : 3-6 (1987) .
BAHEMHRRFER. ¥#%E. Bull JFCC 8:
202 (1992), 9:35 (1993).

HAMEYHRREEY, SB#RE. Bull JFCC 9:
156 (1993).

Shirling, E.B. and Gottlieb, D. Methods for charac-
terization of Streptomyces species. Int. J. Syst.
Bacteriol. 16 : 313-340 (1966).

Shirling, E.B. and Gottlieb, D. Cooperative descrip-
tion of type cultures of Streptomyces 11. Int. J. Syst.
Bacteriol. 18 :69-189 (1968) ; Ill. Int. J. Syst.
Bacteriol. 18:279-392 (1968) ; IV. Int. J. Syst.
Bacteriol. 19 :391-512 (1969) ; V. Int. J. Syst.
Bacteriol. 22 : 265-394 (1972).

Bz, JFCC Newsleter No.2 14 (1977).



IFO Res. Commun. 19,
116-123, 1999 (March)

Descriptive Catalogue of IFO
Fungus Collection XVI.

In the routine identification work on fungi isolated in Japan, and in 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 authors of the descriptions of these fungal taxa are shown in parentheses.

104. Acremonium furcafum (F. & V. Moreau) ex W. Gams (Figs. 1-2) Hyphomycetes

Nova Hedwigia 18: (1969) 3 (1970); W. Gams, Cephalosporium-artige Schimmelpilze

(Hyphomycetes), p. 102 (1971), Gustav Verlag, Stuttgart.

Syn: Cephalosporium furcatum F. & V. Moreau, Revue Mycol. 6: 65 (1941). (nom. inval.
Art. 36).

Colonies on oatmeal agar with a daily growth rate of 3.2-3.7 mm at 25 °C, creeping
on agar surface, pale ochraceous shade, velvety, sometimes funiculose at the central area,
thin at the margin. Sporulation abundant; reverse uncolored to pale ochraceous. On
potato-carrot agar 3.2-3.6 mm/day growth, hyaline to pale ochraceous, thin, velvety.
Sporulation abundant; reverse uncolored to pale ochraceous. On potato sucrose agar
3.4-3.8 mm/day growth, pale ochraceous to buff, velvety to lanose. Sporulation abun-
dant; reverse uncolored to pale ochraceous. On half-strength malt extract agar 1.0-1.1
mm/day growth, pale ochraceous to buff, velvety, restricted, slower growth. Sporulation
poor; reverse uncolored to pale ochraceous. Vegetative hyphae hyaline, thin-walled,
2.0-2.5 ym, plectonematogenous to synnematogenous at the central area. Conidiophores
sometimes verticillate or consisting of simple phialides. Phialides arise short and singly
or in whorls from the conidiophores, straight or slightly bent, 15-22 (—30) xm long,
tapering from 2.1-2.5 ym near the base to 1.0-1.5 xm; often proliferating sympodially and
forming schizophialides in old cultures. Conidia form mucilaginous heads, ovoid to
ellipsoid, broadly rounded at both ends, one-celled, hyaline, smooth-walled, 2.8-3.6 X
1.8-2.3 ym, L/W 1.5-1.7; chlamydospores lacking. At 37 °C, growth is nil.

Hab.: garden soil, Minamidaito-mura, Shimajiri-gun, Okinawa, Japan, 25 Sept. 1996
(IFO 32986=Tad. Ito H8-3-11, IFO H-12223).
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The species was originally described by F. & V. Moreau (1941) as Cephalosporium
SJurcatum invalidly. Acremonium furcatum was validly published with the Latin diagno-
sis by W. Gams (1969).

This species is classified in sect. Nectroidea and is characterized in having schizo-
phialides. A. Ayalinulum (Sacc.) W. Gams is the only known species with predominating
schizophialides, but the present fungus is distinct from it in lacking dry conidial chains.

The present fungus is commonly isolated from soil and plant remains, particularly
agricultural soils and sandy soils worldwide. According to Domsch et al. (1980), it
decomposes cellulose and oxidizes manganese in soil. '

(Tad. Ito and A. Nakagiri)

105. Cordyceps heteropoda Y. Kobayasi (Figs. 3-13) Hypocreales
“ Bull. Biogeogr. Soc. Japan 9: 158 (1939); Kobayasi and Shimizu, Iconography of Vegeta-
ble Wasps and Plant Worms, p. 194 (1983).

Anamorph: Tolypocladium sp.

Stalk cylindric, arising from cicada larva, 12-15 cm long, 3-4 mm in diam, white to
dull yellow above ground, light brown in the ground. Head globose to obovate, 5-10 X
5-7 um, greyish brown, finely mammillate with ostiola. Perithecia embedded in peridial
layer of head showing palisade-like structure, elliptical to pyriform, with a short ostiole,
630-750 X 130-150 gm. Asci filiform, 480-550 X 4-5 ym, emerging from ostiole when
ascoma becomes dry. Apical cap hemispherical, 4.5-6 ym, with an isthmus opening at
the center of the apex. Ascospores filiform, 400-450 X 1-1.5 yxm, fragmenting into
secondary spores, cylindrical, 6-9 X [-1.5 ym.

Colonies growing slowly on potato sucrose agar, 13-16 mm in diam at 25°C in 37
days, white to dull yellow, floccose, forming synnemata from the aerial hyphae. Reverse
pale brown. Edge of the colony smooth without aerial hyphae and synnemata, brown.
Yellow pigment secreted at the margin of the colony. On other media, such as malt
extract agar and silkworm chrysalis extract agar, no synnema was produced, though the
hyphal growth was improved, 10-12 mm/24 days, on the latter medium. Hyphae hyaline,
smooth-walled, 2-2.5 4m wide. Synnemata composed of loosely gathering hyphae and
conidiophores, white, 3-4 mm long, 120-160 ym wide. Conidiophores hyaline, bran-
ched, 60-160 X 2-6 ym, arising from the side and apex of the synnema. Phialides
solitary or verticillate, 8-12 X 3-4 ym, swollen at the base (4-6 X 3-4 ym) and
narrowing to a neck (4-8 X 0.5 gm). Conidia ovate to oblong-elliptical, one-celled,
hyaline, 3-5 X 2-3 ym (x=4.4 X 2.3 ym), forming a slimy conidial drop on the apex of
the phialide.

Hab.: on larva of cicada (probably Graptopsaltria nigrofuscata Motschulsky; Aburazemi),
Botanical Garden of the Faculty of Science, Kyoto University, Kitashirakawa, Kyoto,
Japan, 18 April 1998 (Specimens were collected under the guidance of Prof. M. Tsuda,
Faculty of Agriculture, Kyoto Univ.) [IFO 33060=AN-1634 (a single ascus isolate), IFO
H-12226].
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This is the first report of the anamorph of Cordyceps heteropoda. The anamorph is
most similar to Tolypocladium extinguens Samson & Soares, which was reported as a
pathogen on the glowworm, Arachnocampa luminosa (Diptera; Mycetophilidae) from
New Zealand (Samson and Soares, 1984). However, this species has smaller phialides
(3.5-9 X 1.5-2 ym) and ellipsoidal conidia (2-4 X 1.5-3.5 ym). This species also differs
from the present fungus in having no synnema and no teleomorph. Thus, the anamorph
is an unknown species of Tolypocladium. This is the second report of the Tolypocladium
anamorph of Cordyceps species since T. inflatum W. Gams [=T. niveum (O. Rostrup)
Bissett] was reported as an anamorph of C. subsessilis Petch (Hodge et al., 1996). The
present fungus is different from 7. inflatum in morphology, host and culture characteris-
tics.

(A. Nakagiri and Tad. Ito)

106. Monochaetia monochaeta (Desmazieres) Allescher  (Fig. 14-19) Coelomycetes
in Rabenhorst, Kryptog. Fl. 7. 667 (1902); Sutton, The coelomycetes. CMI, England
(1980); Nag Raj, Coelomycetous anamorphs with appendage-bearing conidia.
Mycologue Publication, Waterloo, Ont. (1993).

Syn.: Pestalotia monochaeta Deamazieres, Ann. Sci. net., ser. 3, 10: 355 (1848)

A part of colony on potato sucrose agar initially pale orange or brown to dark brown,
humectate; producing various-shaped secondary conidium-like structures, hyphae septate,
hyaline, 2.5-4 ym in diam. Conidiogenous cells cylindrical to sudcylindrical, colourless,
smooth. Conidia fusiform, mainly 4-septate, wall not constricted at the septa, initially
smooth, eventually minutely verruculose, 17-22 X 5-6 ym, bearing appendages; median
cells doliiform to subcylindrical brown, together 12-15 gm long, appendages tubular,
attenuated, unbranched; apical appendage single, 6-10 xm long; basal appendage, single,
unbranched, centric, 3-6 xm long.

Hab.: on leaves of Rhododendron pulchrum var. speciosum Hara, Ikeda, Osaka Pref.,, 21
Mar. 1994. (IFO 33068 =10C 797, IFO H-12228)

This fungus was isolated from leaf-surface of Rhododendron pulchrum var. speciosum by
hyphal isolation. Initially, a part of the colony of this fungus was pale orange or brown
to dark brown, humectate, and yeast-like in appearance, and secondary conidium-like
structures of various shapes, including spindle, cylindrical, forked, and irregular with
septa, were observed under the microscope. These secondary conidium-like structures
were produced directly on germ tubes from normal conidia, and also secondarily from
other secondary conidium-like structures by blastic or arthric proliferation. These
secondary conidium-like structures have the ability to germinate. Eventually, normal
conidia were produced. This phenomenon was observed on several agar media, that is,
potato sucrose agar, potato carrot agar, malt extract agar, corn meal agar, and oat meal
agar. It is considered to be an ecological characteristic of this isolate. Producing such
the secondary conidium-like structures before normal conidia is considered to be an
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effective manner of dispersal for coelomycetous fungi producing conidiomata on host

plants after invasion.
(I. Okane, A. Nakagiri and Tad. Ito)

107. Cirrenalia pygmea Kohlmeyer (Fig. 20-23) Hyphomycetes
Ber. Dtsch. Bot. Ges. 79, 35 (1966); Kohlmeyer and Kohlmeyer, Marine mycology, The
higher fungi. Academic Press, New York (1979)

Colonies on oat meal agar olivaceous to black, growing slowly, hyphae septate, 2.5-5 ym
in diam. Conidiophores obsolete. Conidia acrogenous, solitary, helicoid, contorted 1/2
or | time, three- to six-septate, mostly four- or five-septate, not constricted at the septa,
fist-shaped or reniform, black or fuscous, smooth, lower cells light-colored, cells increas-
ing in diameter from base to apex, distinctly dissimilar, spirals 25-30 X 29-35 um,
terminal cell 14-22.5 ;m in diameter, subglobose to reniform, basally flattened, basal cells
4-5.5 ymym in diameter.

Hab.: on fallen leaves of Bruguiera gymnorrhiza Lamk., Shiira Riv., Iriomote Is., Okinawa
Pref., 8 July, 1997. (IFO 33069=10C 1237, IFO H-12229)

This fungus was isolated from fallen leaves of Bruguiera gymmnorrhiza. Conidia in
culture had up to six septa, while Kohlmeyer reported that the number is three or four.
The number of septa might vary with culture medium. In cultural tests, better hyphal
growth was observed on oat meal agar than on potato sucrose agar, potato carrot agar,

malt extract agar, corn meal agar, or corn meal sea water agar.
(I. Okane, A. Nakagiri and Tad. Ito)
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Figs. 1 & 2. Acremonium furcatum. Phialides and conidia. IFO 32828. Sympodial
proliferation (arrowheads). 1. Light micrograph. (Bar=20 ym.) 2.
Scanning electron micrograph. (Bar=10 yxm.)
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arizing from larvae of cicada. 4. Longitudinal section of the head of stroma, showing
perithecia at the peridial layer. 5. Asci emerging from ostiole opening at the surface
of the stroma. 6. Apices of asci. 7. Ascospores fragmented into secondary spores. 8.
Colony on PSA, showing Tolypocladium anamorphic state. 9. Synnemata. 10.
Conidiophores arizing from a synnema. I1. Conidiophores. 12. Phialides. 13.
Phialides and a conidial drop. Scale bars: 3=10 cm; 4, 9=1 mm; 5, 11=10 gxm; 6,
7,12, 13=5 ym; §=5 mm; 10=100 gm.
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Figs. 14-19.

T. Ito, A. NakAGIRI and I. OKANE

Monochaetia monochaeta. 14. Proliferation of M. monochaeta on PSA. 15 and 16: secon-
dary conidium-like structures. 17. Branched secondary conidium-like structures, by scan-
ning electron microscopy. 18. Conidia, by scanning electron microscopy. 19. Conidia.
Scale bar: Fig. 14 and 18 : 40 xm; Fig. 15, 16, 17, 19 1 20 ym.
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Figs. 20-23. Cirrenalia pygmea. 20 and 21. Conidia produced on the hyphae. 22 and 23. Conidia, by

scanning electron microscopy.
Scale bar: Fig. 20 and 21 : 20 gm; Fig. 22 and 23 1 10 gm.
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Descriptive Catalogue of IFO
Actinomycetes Collection IV

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

12. Streptomyces roseoverticillatus (Shinobu) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)

IFO 14694
Strain IFO 14694 was deposited under the name of “Streptomyces sp.,” having
originally been designated as ”Streptoverticillium rubrochlorinum” Locci et al. Its
phenotypic characters closely resemble those of Streptomyces roseoverticillatus IFO 128177
(T=type strain). Spore chains are verticillate and the spore surface is smooth. Aerial
mass is pinkish white to purplish pink, substrate mycelium is reddish yellow, reddish
brown to reddish purple, or dark red; and melanin formation is positive on International
Streptomyces Project (ISP) media 1 and 6. Glucose and inositol are utilized for growth.
The level of DNA relatedness between this strain and Streptomyces roseoverticillatus IFO
128177 is 79%. From these results, IFO 14694 is identified as a strain of Streptomyces
roseoverticillatus.
(Hatano, K. & T. Nishii)

13.  Streptomyces blastmyceticus (Watanabe et al.) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)

IFO 13202
Strain IFO 13202 (ISP 5021) was deposited under the name of ”Streptomyces sp.,”
having originally been designated as ”Streptomyces mediocidicus” Okami et al. Its
phenotypic characters closely resemble those of Streptomyces blastmyceticus 127477.
Spore chains are verticillate and the spore surface is smooth. Aerial mass is white with
yellowish tinge to gray, substrate mycelium is yellowish brown; and melanin formation is
positive on ISP media 1 and 6. Glucose, fructose, and inositol are utilized for growth.
The level of DNA relatedness between this strain and Streptomyces blastmyceticus 127477
is 94-95%. From these results, IFO 13202 is identified as a strain of Streptomyces
blastmyceticus.
(Hatano, K. & T. Nishii)
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14. Streptomyces ehimensis (Shibata et al.) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)

IFO 13082
Strain IFO 13082 (ISP 5464) was deposited under the name of ”Streptomyces sp.,”
having originally been designated as ”Streptomyces rubrireticuli” Waksman & Henrici.
Its phenotypic characters closely resemble those of Strepromyces ehimensis IFO 128587,
Spore chains are verticillate and the spore surface is smooth. Aerial mass is white to
reddish brownish gray, substrate mycelium is yellowish brown to brown; and melanin
formation is positive on ISP media 1 and 6. Glucose, fructose, inositol, and mannitol are
utilized for growth. The level of DNA relatedness between this strain and Strepfomyces
ehimensis IFO 128587 is 100%. From these results, IFO 13082 is identified as a strain of
Streptomyces ehimensis.
(Hatano, K. & T. Nishii)

IFO 13470
Strain IFO 13470 (ISP 5576) was deposited under the name of ”Streptomyces
takataensis” anonymous. Its phenotypic characters closely resemble those of Stre-
ptomyces ehimensis 1FO 12858". Spore chains are verticillate and the spore surface is
smooth. Aerial mass is white to reddish brownish gray (bisque), substrate mycelium is
yellowish brown to brown; and melanin formation is positive on ISP media 1 and 6.
Glucose, fructose, inositol, and mannitol are utilized for growth. The level of DNA
relatedness between this strain and Streptomyces ehimensis IFO 128587 is 99%. From
these results, IFO 13470 is identified as a strain of Streptomyces ehimensis.
(Hatano, K. & T. Nishii)

15. Streptomyces griseocarneus (Benedict et al.) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)

IFO 13428
Strain IFO 13428 (ISP 5520) was deposited under the name of ”Streptomyces
tropicalensis” Gupta. Its phenotypic characters closely resemble those of Streptomyces
griseocarneus 1FO 12776". Spore chains form whorls and the spore surface is smooth.
Aerial mass is reddish brownish gray to gray, substrate mycelium is yellowish brown to
dark brown; and melanin formation is positive on ISP media 1 and 6. Glucose, fructose,
and inositol are utilized for growth. The level of DNA relatedness between this strain
and Streptomyces griseocarneus 1FO 12776" is 96%. From these results, ” Streptomyces
tropicalensis” 1FO 13428 is identified as a strain of Streptomyces griseocarneus.
(Hatano, K. & T. Nishii)

16. Streptomyces hachijoensis (Hosoya et al.) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)
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IFO 12363
Strain IFO 12363 was deposited under the name of “Streptomyces sp.,” having
originally been designated as ”Streptomyces cinnamoneus subsp. azacoluta” Pridham et
al. Its phenotypic characters closely resemble those of Streptomyces hachijoensis 1FO
127827, Spore chains form whorls and the spore surface is smooth. Aerial mass is
reddish brownish gray (bisque) to grayish rose, substrate mycelium is yellowish brown to
brown; and melanin formation is negative on ISP media 1, 6, and 7. Glucose and inositol
are utilized for growth. The level of DNA relatedness between this strain and Stre-
ptomyces hachijoensis TFO 127827 is 80-90%. From these results, IFO 12363 is identified
as a strain of Streptomyces hachijoensis.
(Hatano, K. & T. Nishii)

IFO 13864

Strain IFO 13864 was deposited under the name of ”Streptomyces sp.,” having
originally been designated as ”Streptoverticillium verticillum subsp. verticillum” Okami.
Its phenotypic characters closely resemble those of Streptomyces hachijoensis IFO 127827,
Spore chains form whorls and the spore surface is smooth. Aerial mass is reddish
brownish gray (bisque) to gray, substrate mycelium is brown to dark reddish brown; and
melanin formation is negative on ISP media 1, 6, and 7. Glucose and inositol are utilized
for growth. The level of DNA relatedness between this strain and Streptomyces hachi-
Jjoensis TFO 127827 is 94%. From these results, IFO 13864 is identified as a strain of
Streptomyces hachijoensis.

17. Streptomyces morookaensis {Locci & Schofield) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)

IFO 13461
Strain IFO 13461 (ISP 5565) was deposited under the name of ”Streptomyces
aspergilloides” Rao et al. Its phenotypic characters resemble those of Streptomyces
morookaensis IFO 134167. Spore chains form whorls and the spore surface is smooth.
Aerial mass is yellow to yellowish gray, substrate mycelium is yellowish brown to brown;
and melanin formation is negative on ISP media 1, 6, and 7. Glucose, fructose, inositol,
and mannitol are utilized for growth. The level of DNA relatedness between this strain
and Streptomyces morookaensis IFO 13416 is 100%. From these results, IFO 13461 is
identified as a strain of Streptomyces morookaensis.
(Hatano, K. & T. Nishii)

18. Streptomyces fameus Shibata
Shibata, M. J. Antibiotics Ser. B, 12: 398 (1959)

IFO 13399
Strain TFO 13399 (ISP 5480) was deposited under the name of ” Streptomyces sp.,”
having originally been designated as ”Streptomyces galbus” Okami et al. Its phenotypic



Descriptive Catalogue of 1FO 127

characters closely resemble those of Streptomyces rameus 1FO 3782% (T =type strain).
Spore chains form spirals and the spore surface is smooth. Aerial mass is brownish gray
to gray, substrate mycelium is brownish yellow to dark brown; and melanin formation is
positive on ISP media 1, 6, and 7. Glucose, arabinose, fructose, inositol, mannitol, and
xylose are utilized for growth, sucrose is doubtful, and rhamnose is not utilized. The
level of DNA relatedness between this strain and Streptomyces rameus 1FO 37827 is 90%.
In addition, the similarity of gyrB and GyrB partial sequences of these strains is 99.8 and
100%, respectively. From these results, IFO 13399 is identified as a strain of Streptomyces

rameus.
(Hatano, K. & T. Nishii)

19. Streptomyces septatus (Locci et al.) Witt & Stackebrandt
Witt, D. and E. Stackebrandt, Int. J. Syst. Bacteriol., 41: 456 (1991)

IFO 3354
Strain IFO 3354 was deposited under the name of ” Streptomyces reticuli” (Waksman
& Curtis) Waksman & Henrici. Its phenotypic characters closely resemble those of
Streptomyces septatus 1FO 134717, Spore chains form whorls and the spore surface is
smooth. Aerial mass is white, reddish brownish gray (bisque) to gray, substrate
mycelium is brown to dark brown; and melanin formation is positive on ISP media 1 and
6. Glucose and inositol are utilized for growth. The level of DNA relatedness between
this strain and Streptomyces septatus TFO 134717 is 96%. In addition, the similarity of
gyrB sequences of these strains is 99.4%. From these results, IFO 3354 is identified as a
strain of Streptomyces septatus.
(Hatano, K. & T. Nishii)
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Phase-contrast Micrographs of the IFO
Animal Cell Cultures

Kengo Tsuii, Motonobu SATOH, and Touho YOSHIDA

Here we show phase-contrast micrographs of the IFO animal cell cultures. The IFO
cell bank has collected over 500 cell cultures originating from a variety of species since its
beginning in 1984. After undergoing quality control and authentication procedures, 192
cell cultures have been registered as the IFO cell cultures that are available to investigators
on request. These cells preserved in liquid nitrogen were thawed and re-cultivated in
appropriate culture conditions described in the IFO List of Cultures (5th ed., 1998)
Typical morphological features of the living cells were photographed by phase-contrast
microscopy. The morphology of cells in culture provides the important informations to
understand the properties of the cells. It is the simplest and most direct technique to
identify cells. Culture conditions or contamination with microorganisms or other cells
affect the cell morphology. Therefore, investigators should monitor the cell morphology
during experiments. This monograph should be useful to know the morphology of the
IFO cell cultures.
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BOVINE

1.1FO 50154 FBHE Endothelial
heart endothelial cell, FGF-dependent for survival

{ 5 (v
3.IFO 50014 MDBK (NBL-1) Kidney
established from normal kidney

- SUREIN
4.IFO 50003 CKT-1 Kidney

useful to assay bovine adenovirus 3

5.1FO 50071 MDCK (NBL-2) Key
established from normal kidney, susceptible for many viral
species

HAMSTER, CHINESE

6.IFO 50082 V79 379A Lung

lung, fibroblast, widely used in somatic genetics

S AY 3/l
7.1FO 50414 CHO

widely used for production of recombinant proteins

100m
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HAMSTER, SYRIAN

11. IFO 50477 FS-1 Bonmarrow stroma

bone marrow stromal cell from a myelogenous leukemia patient

A IEA A e
12.IFO 50043 WiDr

adenocarcinoma

> ;
Embryo
NIL subline adapted to serum-free medium

. < \i 7% P o o
10.IFO 50018 NIL Embryo 13. IFO 50067 LoVo Colo:

transformed from hamster fibroblast adenocarcinoma, carcinoembryonic antigen-producing

1. . Colon

established from normal colon, fibroblast
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19.1FO 50411 A431

15.1FO 50482 CCD 841 CoN Colon

established from normal colonic tissue, epithelial-like epidermoid carcinoma, high expression of EGF receptor

Epidermoid carcinoma

> - ’ ) 4 ’ | >4 4

16. IFO 50300 Miz-1 Embryo 20. IFO 50005 J-111

limb interstitial tissue, normal diploid fibroblast originally established from acute monocytic leukemia, HelL.a-
contaminated

17. IFO 50297 Embryo e 21. IFO 50004 WISH HeLa marker

whole fetus, normal diploid fibroblast originally established from amnion, Hel a-contaminated

iy \

22.1FO 50016 Chang Liver HeLa

18.IFO 50271 HUV-EC-C Endothelial

normal endothelial cell, umbilical cord originally established from liver, HeLa-contaminated

100y
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A - o LB
O " 3 ! -~ ®
23.1FO 50037 RPMI 1788 Hematopoietic lineage

established from normal blood, IgM secreting

24.IFO 50026 CCRF-SB
leukemia, acute lymphoblastic

. % &
FIY e e &

: S 2
29.IFO 50475 N

leukemia, acute monocytic, NOMO-1-derivative adapted to
serum-free medium

S J : . .
26. IFO 50412 CCRF-CEM  Hematopoictic lineage ~ 30. IFO 50474 NOMO-1 Hematopoietic lineag

leukemia, acute lymphoblastic leukemia, acute monocytic, promonocytic leukemia cells

100pm
jmocacuas]
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35.IFO 50473 MEG-01s Hematopietic leage
leukemia, chronic megakaryoblastic, MEG-01-derivative

-t © & % o & o' >
31.IFO 50476 NKM-1 Hematopoietic lineage
leukemia, acute myeloid, myeloid leukemia cells, responsive to
G-CSF and M-CSF for growth

"o, : . " o /
32.IFO 50022 HL-60 Hematopoxetlc hneage 36 IFO 50294 MEG-OISSF Hematopmetlc llneage
leukemia, acute promyelocytic, This strain is unable to induce leukemia, chronic megakaryoblastic, MEG-01s-derivative
differentiation. adapted to serum-free medium

33.1IFO 5479 NAGL-I Hematopmetlc hnege 37.IFO 50025 IM-9 Hematopoietic hneage

leukemia, B cells leukemia, chronic myelogenous

34, IFO 50151 MEG 01 Hematopmenc lmeage
leukemia, chronic megakaryoblastic

38 IFO 50478 MEG-A2 Hematopoietic lmeage

leukemia, chronic myelogenous, megakaryoblastic cell line

100pm
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P

43.IFO 50046
lymphoma, Burkitt's

" oS e ” 3 4 ~
39.1FO 50363 KUS812 Hematopoietic lineage

&

46. IFO 50069 Alexander cells |

lymphoma, Burkitt's hepatoma, HBs antigen-positive
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By, »
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47.1IF0 50153 A549 Lung 51.IFO 50074 HFL1 Lung

adenocarcinoma fetus lung normal diploid fibroblast

$ - " A z
48.1FO 50358 KNS-62 Lung 52.IFO 50075 WI-38 Lung

bronchial squamous carcinoma, metastasis to brain fetus lung normal diploid fibroblast

53. IF 50089 Flow 2000 ; Lung
fetus lung normal diploid fibroblast

54.1F0 50009 G

fetus lung normal diploid fibroblast malignant melanoma

50.IFO 50073 MRC-5 Lung
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55.1F0 50276 A2058  Melanoma 59.IFO 50286 SF126 Nervous system

malignant melanoma, metastasis to lymph node astrocytoma, GFAP-negative

56. IFO 50321 GAK Me]anoma 60. IFO 50289 Becker Nervous svstem

malignant melanoma, metastasis to lymph node astrocytoma, GFAP-negative

57.IFO 50344 SK-MG 1 Nervous system 61. ]FO 50290 Marcus Nervous system
astrocytoma, adapted to serum-free medium, derived from astrocytoma, GFAP-negative
Marcus cells

\ J I e 3 I3 e / ~ PN ) 3 . 3 Le
58.IFO 50435 KINGS-1 Nervous system 62. IFO 50285 U-251 MG (KO) Nervous system
astrocytoma, anaplastic, GFAP, S-100, vimentin, CD13 and astrocytoma, GFAP-positive

HNK-1-positive
100um
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63.IFO 50288 U-251 MG 67.IF0 50493 YH-13 Nervous system
astrocytoma, GFAP-posotive glioblastoma, GFAP and S-100-positive, ACNU(a cancer
chemotherapy drug)-resistant

e NS . RGNS
64. IFO 50361 B2-17 Nervous system 68.IFO 50492 AM-38 Nervous system
astrocytoma, thymidine kinase-deficient mutant of U251 MG glioblastoma, GFAP and S-100-positive, ACNU(a cancer

cells chemotherapy drug)-sensitive

690 50368 no.10 Nervous system

65. IFO 50303
glioblastoma glioma, anaplastic, GFAP-positive

% 7 L oy 28 ! '
66. FO 50436 KS-1 Nervous system 70. IFO 50369 no.11 Nervous system
glioblastoma glioma, anaplastic, GFAP-positive
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£

. o RGNS ~e
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71.IFO 50444 KNS-81-FD Nervous system 75.1IFO 50434 KALS-1 Nervous system
glioma, derivative of KNS-81 adapted to serum-free medium glioma, GFAP, vimentin and CD13-positive

72. IFO
glioma, FGF-9-producing

; X - o i S . Ry
73.1IFO 50359 KNS-81 Nervous system 77.TFO 50356 KNS-42 Nervous sys
glioma, GFAP and S-100-positive, NSE-negative glioma, GFAP-positive, S-100 and NSE-negative

glioma, GFAP, S-100 and NSE-negative gliosarcoma, GFAP and NSE-positive, S-100-negative

100pm
el
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¢

83.1FO 50433 KP-N-SI9s Nervous system
medulloblastoma neuroblastoma, from lymph node. smooth muscle marker-
expressing

80. TFO 50283 system

neuroblastoma

£ g : LI DAl 2 AT P N .
81.IFO 50432 KP-N-RT-BM-1 Nervous system 85.IFO 50494 KK-2 Nervous system
neuroblastoma, from bone marrow, neuronal and Schwannian primitive neuroectodermal tumor, NSE and PGP9.5-positive, NF
differentiation and S-100-negative

LRI e
A BN '
ervous system

86. IFO 50106 HOS

neuroblastoma, from lymph node, smooth muscle marker- osteosarcoma

expressing 100 pm
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87.1F0O 50107

osteosarcoma

88. IFO 50108

osteosarcoma

3

89.1FO 50318 RTSG Ovary

adenocarcinoma, poorly differentiated

9

clear cell carcinoma

91.1F0 50317 RKN Ovary
leiomyosarcoma

s 7 £y
RMG-II Ovary

mesonephroid cancer

93.1F0 50319 RMUG-L Ovary

mucinous cystadenocarcinoma

94, IFO 50320

mucinous cystadenocarcinoma
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99. IFO 50418 ASF-4-1 Skin

skin normal diploid fibroblast

96. IFO 50488 OUMS-27 Sarcoma
chondrosarcoma, type 1. 2 and 3 collagens; type 9 and 11 skin normal diploid fibroblast
collagen mRNA; proteoglycan-producing

IR s
101. IFO 50007 Ca Ski Uterus

cervical epidermoid cancer

98. IFO 50350 Hs68 Skin

skin normal diploid fibroblast cervical epidermoid cancer
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107. IFO 50323 BOKU Uterus

cervical squamous cell carcinoma

104. IF 50311 SKG-IIIb 108. IFO 50312 SNG-II Uterus

cervical epidermoid cancer endometrial adenocarcinoma

105. IFO 50011 HeLa S3

cervical epithelioid carcinoma endometrial adenocarcinoma

06 SN 3
110.IFO 50322 NJG Uterus

106. IFO 50309 SKG-II Uterus

cervical squamous carcinoma gestational uterine choriocarcinoma
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——

Uterus

111. IFO 50314 SKN

leiomyosarcoma hybridoma
MSW113 antibody, recognizing a cancer-associated

HYBRID

= UM P
Antibody-producing hybridoma
RC1 antibody, recognizing undifferentiated neural cell-specific
antigen

t 's}e‘

112.IFO 50090 4GI12 hybridoma Antibody- Nervous system
producing hybridoma (human x mouse) N18TG2 (mouse neuroblastoma) x Fischer rat 18 d embryonic
4G12 antibody. preferentially reacting with lung carcinoma- neural retina

associated an;sigen

5 0

11 Antif;ody—
producing hybridoma
A2B5 antibody, recognizing a glycolipid expressed in neural

tissue 100&]
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MONKEY, AFRICAN GREEN

MOSQUITO

Al e e L e
119. IFO 50068 COS-7 Kidney
transformant of CV-1 cells by origin-defective SV-40, SV-40
large T antigen-expressing

120. IFO 50471 Vero

useful to assay mycoplasmas

useful for replication of flavivirus

MOUSE

a('; A )
122. IFO 50041

bladder carcinoma

; - Vi o e N ‘f.",i‘l .
123.IFO 50042 C3H/MCA clone 15 Embryo
3-methylcholanthrene-transformed C3H/10T1/2

100um
peae so]
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SO
124.IFO 50416 3T3-L1 Ebry 128. IFO 50021 A31-714 C4 Embryo
fibroblast, 3T3-Swiss derivative. adipocyte differentiation fibroblast, subclone of Balb/3T3 A31

129. IFO 50298 Balb/c 3T3 A31-I-1
fibroblast, contact-inhibited fibroblast, subclone of Balb/3T3 A31

S ) o

126. IFO 50415 C3H/10T1/2,clone8 Embry 130. IFO 50299 lb/c 3713 A31-1-13 Embry
fibroblast, contact-inhibited fibroblast, subclone of Balb/3T3 A31

4 :/j‘ o -
127.1IFO 50417 3T3-Swiss albino Embryo
fibroblast, contact-inhibited fibroblast, subclone of Balb/3T3-A31

100pm
T
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A ( % v : NS AR ‘{Jw'?%"' X
132.IFO 50374 TKD2 Endothelial 136. IFO 50006 M-1 Hematopoietic lineage
endothelial cell, tsSV40 large T-immortalized spontaneous myeloid leukemia, differentiation into

macrophage/granulocyte

9 O S e KEWly Lz B
137.IFO 50008 Mml Hematopoietic lineage
spontaneous myeloid leukemia, M-1-derivative, macrophage-
like phenotype

g

135.1 © 139.1F0 50373 TKC2 Kidney
myelomonocyte tubule cell, tsSV40 large T-immortalized
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140. IFO 50379 R2 Liver
hepatocyte, tsSV40 large T-immortalized normal liver-derived

: N W

141.IFO 50380 TLR3 Liver 145.IFO0 50161 KT-5 Nervous system
hepatocyte, tsSV40 large T-immortalized astrocyte cell line

wr ¥
iver

147.IF0 50472 MEBS5 Nervous system

143.TF0 50378 FLS5 L
liver stromal cell line CNS stem cell line, HPV type 16 E7-immortalized
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PZANR
one 929 S

7

153.1F0 50375 MSS31 Spleen

neuroblastoma, 6-thioguanine-resistant. HAT-sensitive spleen stromal cell line

MA-89 Nervous system 154.TFO 50376 MSS62 Spleen

normal mixed glial culture spleen stromal cell line

2

T e \),: m 4 4 ‘ £ g

= ¥ \ ¥ Ty L~

151.IFO 50484 DBC1.2 Olfactory epithelium 155.TFO 50248 IT-79MTNC3 Thymus
dark (horizontal) basal cell-like, keratin-positive thymic nurse cell

100y
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PIG POTOROORAT KANGAROO)

: T i BN / i | & A\
156. IFO 50421 PKS Kidney 159.1FO 50012 PtK2 Kidney

susceptible to Vaccinia virus kidney, epithelial-like

157. IFO 50422 PKF RABBIT

susceptible to Vaccinia virus

158.IFO 50423 PKR Kidney 160. IFO 50020 SIRC Cornea

susceptible to Vaccinia virus susceptible to rubella virus
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7 P ? EYEES ) 1A
161.IFO 50277 5RP7 Embryo 165. IFO 50098 F2408-No.3
fibroblast transformed by c-Ha-ras oncogene HGPRT-deficient F2408 cell line

N v

162. IFO 50015 5 166. I (8] 5002 ‘ F208-No.7
fibroblast-like HGPRT-deficient F2408 cell line

163. IFO 50099 F2408-B812 Embryo 167.IFO 50282 RAT-2 Embryo
HGPRT(-), TS for transformation by Moloney MSV thymidine kinase deficient RAT-1 (F2408) cell line

\ b3 PEIY e : RS s
164. IFO 50100 F 2408-B993 Embryo 168. IFO 50101 F2408-No.20 Embryo
HGPRT(-), TS for transformation by Moloney MSV thymidine kinase-deficient F2408 cell line
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" BTS2 e s
L6 Muscular system
skeletal muscle myoblast

170. IFO 50480 NRK-52E 174.IFO 50425 C6-SF2 Nervous system

epithelioid clone of NRK cells C6 subline adapted to serum-free medium

-

171. IFO 50481 -9F Kidney 175.IFO 50110 Co
fibroblastic clone of NRK cells, useful for transformation assays  glial tumor, GFAP-positive

] {0 :

172.1F0 50280 77N1 Kidney

176. IFO 50491 RNB

transformant of NRK cells by avian sarcoma virus B77 neonatal rat astrocytes, GFAP-positive
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3 \ RN e . 2N, zi""“*f’ : .
MDM2-RNB Nervous system 181.IFO 50269 GH1 Pituitary
neonatal rat astrocytes, GFAP-positive; human MDM2 protein- pituitary tumor, somatotrophin-secreting

expressing; G418resistant

179.IF
pheochromocytoma, neuronal differentiation by NGF, 6- T cell differentiation factor producing
thioguanine-registant, HAT-sensitive

S b LR PR R L e i N
Pituitary 184. IFO 50078 IT-26R21 Thymus

pituitary tumor, somatotrophin-secreting T cell differentiation factor producing
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189.IFO 50120 TaD-1-3 Thymus

185. IFO 50077

thymic fibroblast thymoma, keratin-positive

186. IFO 50103 TuD-1 Thymus
thymic stroma, keratin-positive medullary thyroid carcinoma, neurotensin and calcitonin-
producing

v

187. IFO 50152 TuD-1-3 Thymus

thymic stroma, keratin-positive

188.IFO 50112 TaD-1 Thymus

thymoma, keratin-positive
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CATALOGUE OF NEWLY ACCEPTED STRAINS

FEBRUARY 1996 - DECEMBER 1998

The cultures involved in the following catalogue can be distributed under the
same condition as strains listed on the IFO LIST OF CULTURES 10th Edition

IFO No Name Temp Med

(T=Type strain)

1139 Saccharomyces castellii 28 108
FMJ —— NRRL Y-664.

9230 Penicillium chermesinum 24 1
RTCI (H. Fukuda).

10894 Nadsonia fillvescens var. elongata 17 108
JCM 9991 — (T. Nakase) — NRRL Y-991.

10895 Nadsonia fiulvescens var. fillvescens 17 108
JCM 10023 — (T. Nakase; CK 242, moss).

10896 Yamadazyma farinosa 24 108
Dept. Chem., Keio Univ. (H. Ohta; Ku 3040) — IAM 4682 — RIFY 7092
—— K. Kodama.

10897 Kluyveromyces africanus 24 108
IFO (K. Ueda; U96-103-2; soil; Iriomote Island).

10898 Kluyveromyces africanus 24 108
IFO (K. Ueda; U96-105-2; soil; Iriomote Island).

10913 Stephanoascus ciferrii 24 108

JCM 2984 — M. Suzuki, T-5-1 — W. Daengsubha, Ma—kam—-pom dong
(pickled emblic myrabolan), Thailand.

10914 T  Kawasakia arxii 24 108
CBS 7333 — ].P. van der Walt, soil of forest, South Africa.

10915 T  Saccharomyces kunashirensis 24 108
CBS 7662 — I.P. Bab’eva, soil, USSR.

10916 Saccharomyces sp. 24 108
CBS 7996 —— A.N. Hagler, water in tank of Quesnelia quesneliana.

10917 Saccharomyces sp. 24 108
CBS 7997 — A.N. Hagler, water in tank of Quesnelia quesneliana.

10918 Stephanoascus ciferrii 24 108

CBS 7409 —— CCY 29-170-1, liver of Bufo granulosus, Brazil.
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10919 T Zygozyma smithiae : 24 108
CBS 7407 —— J.P. van der Walt, frass of ambrosia beetle, Crossotarsus
externedentatus, South Africa.

10920 T Zygozyma suomiensis 24 108
CBS 7251 — E. Tunnela, skin lesion of cow, Finland.

10921 Torulaspora delbrueckii 28 108
Dept. Chem., Keio Univ. (T. Sugai; KU 3013; soil).

10924 Saccharomyces sp. 28 108
IFO (K. Ueda; U97-433-1; leaf of Kandelia candel).

10925 Kluyveromyces sp. 28 108
IFO (K. Ueda; U97-412-1; flower of Elaeocarpus decipiens).

10926 Kluyveromyces sp. 28 108
IFO (K. Ueda; U97-412-3; flower of Elaeocarpus decipiens).

10927 Kluyveromyces sp. 28 108
IFO (K. Ueda; U97-436-2; leaf of Bruguiera conjugata).

10928 Kluyveromyces sp. 28 108
IFO (K. Ueda; U97-437-2; leaf of Rhizophora mucronata).

10929 Kluyveromyces sp. 28 108
IFO (K. Ueda; U97-101-2; soil).

10930 Kluyveromyces africanus 28 108
IFO (K. Ueda; U97-203-3; sand ball made by crab).

13183 Streptomyces aureofaciens 28 228
IFO (K. Nakazawa) —— Lederle Labs, UV-8.

15159 Sulfolobus sp. 75 281
Coll. of Liberal Arts & Sci., Kitasato Univ. (T. Itoh; N-8; hot spring mud in
Japan).

15160 Sulfolobus sp. 75 281
Coll. of Liberal Arts & Sci., Kitasato Univ. (T. Itoh; TA-2; hot spring mud
in Japan).

15161 T  Sulfurisphaera ohwakuensis 75 281
Coll. of Liberal Arts & Sci., Kitasato Univ. (T. Itoh; TA 1; hot spring mud
in Japan).

156708 T  Microbacterium hominis 30 203
Lab. de Bacteriol., Univ. Louis Pasteur (D.A. de Briel) —— LCDC 84-209,
lung aspirate. .

15709 Microbacterium laevaniformans 30 203

Lab. de Bacteriol., Univ. Louis Pasteur (D.A. de Briel) -—— LCDC 91-039,
blood. ‘
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IFO No Name Temp Med

(T=Type strain)

15828 T  Spirilliplanes yamanashiensis 28 268
IFO (T. Tamura) — M. Hayakawa, YU127~1, soil.

15853 T  Thermobifida alba 50 227

DSM 43310 — S.T. Williams, strain E60 ( Actinobifida alba) —— CUB 432
—- R. Locci, IPV 1900, soil.

16051 T  Pilimelia anulata 28 343
JCM 3090 -~ KCC A-0090 —— W.K. Hanton, soil.

16062 T  Filimelia columellifera subsp. columellifera 28 343
JCM 3367 — G. Vobis, MB-SK6 — D. Schafer, soil, Peru.

16055 T  Cellulomonas hominis 37 230
DSM 9581 —— DMMZ CEA40, cerebrospinal fluid.

16056 T  Gordonia hirsta 30 230
DSMZ 44140 — S. Klatte, K718a, packing material of a biofilter.

16057 T  Gordonia hydrophobica 30 230
DSM 44015 —— B. Bendinger; 1610/1b; packing material (tree bark
compost).

16058 T  Sphingomonas subarctica 30 802
DSM 10700 ~~ R. Herwig, KF1, subarctic area.

16060 T  Microbacterium thalassium 30 802
IFO (M. Takeuchi; No.10; soil in mangrove rhizosphere).

16061 Microbacterium thalassium 30 802
IFO (M. Takeuchi; No.71; root in mangrove rhizosphere).

16062 T  Microbacterium halophilum 30 802
IFO (M. Takeuchi; No.76; root in mangrove rhizosphere).

16068 T  Gordonia rhizosphera 30 230
IFO (M. Takeuchi; No.141; root in mangrove rhizosphere).

16069 T  Rhodococcus rhodochrous 30 271

JCM 3202 -~ KCC A-0202 —— M. Goodfellow, N54 ——IMRU 732 — R.S.
Breed, KMRh —— Kral Collection — M. Migula.

16070 T  Micromonospora echinospora subsp. pallida 28 227

JCM 3133 —— KCC A-0133 —— Y. Okami — ATCC 15838 —— Schering
Corp. — A. Woyciesjes .

16079 Streptomyces turgidiscabies 28 227
Hokkaido Tokachi Agr. Exp. Stn. (K. Miyajima; Sy 9103; potato).

16080 T  Streptomyces turgidiscabies 28 227
Hokkaido Tokachi Agr. Exp. Stn. (K. Miyajima; Sy 9113; potato).

16081 Streptomyces turgidiscabies 28 227

Hokkaido Tokachi Agr. Exp. Stn. (K. Miyajima; MT 9301; potato).
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16082

16084

16085

16086

16095

16096

16102

16103

16115

16118

16119

16120

16126

16127

16128

16129

T

T

Name Temp Med
Bacillus globisporus 20 201
JCM 10046 — CCM 2119 —~ ].L. Stokes, W25
Sphingomonas aromaticivorans 30 802

Dept. Biolog. Sci., Florida State Univ. (D.L. Balkwill; SMCC F199;
Saturated subsurface Atlantic coastal plain sediments).

Sphingomonas stygia 30 802

Dept. Biolog. Sci., Florida State Univ. (D.L. Balkwill; SMCC B0712;
Saturated subsurface Atlantic coastal plain sediments).

Sphingomonas subterranea 30 802

Dept. Biolog. Sci., Florida State Univ. (D.L. Balkwill, SMCC B0478;
Saturated subsurface Atlantic coastal plain sediments).
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Thermobifida alba 37 268
JCM 3077 — KCC A-0077 — IPV 1900, garden soil.

Thermomonospora chromogena 50 266
JCM 6244 — DSM 43794 — CUB 580 —— IMRU N2900 —— N.S. Agre, 577,
soil.

Aslosporangium albidum 28 266

Sichuan Industrial Inst. Antibiot., Sichuan (H. Runmao; NA 944235;
Provice Jiangxi; soil).

Micromonospora halophytica subsp. nigra 28 268

JCM 8973 —— NCIMB 2225 — ATCC 33088 — NRRL 3097 —— A.
Woyciesjes, mud, bottom of salt pool.

Cathayosporangium alboflavum 28 227
SIIA, H. Runmao, NA 945110 soil.

Brachybacterium alimentarium 30 203
INRA (Tailliez; CNRZ 925) — K. Schubert , M 180, cheese.
Brachybacterium tyrofermentans 30 203
INRA (Tailliez; CNRZ 926) —— K. Schubert , M 131, cheese.
Tsukamurella paurometabola 30 203
ATCC 8368 —— E.A. Steinhaus.

Agrococcus jenensis 30 264
DSMZ 9580 —— I. Groth, 2002-39/1, soil.

Friedmanniella antarctica 22 264
DSM 11053 — P. Hirsch, AA-1042, sandstone.

Janibacter limosus 30 264
DSM 11140 —- K. Martin, HKI 83, sludge.

Rubrobacter xylanophilus 60 264

DSM 9941 —— L. Carreto, PRD~1, thermally polluted runoff.
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16130 Microbacterium sp. 30 802

Marine Biotechnol. Inst., Co., Ltd. Kamaishi Laboratory (T. Hamada;
MBIC 3297; water).

16131 T  Streptomyces stramineus 28 231
NRRL 12292 — D.P. Labeda, soil.

16132 Cytophaga arvensicola 30 802
IAM 12646 —— H. Oyaizu, IAM, A4L — Kobe Women’s Coll., T. Harada,
soil.

16133 Cytophaga arvensicola 30 802

IAM 12647 — H. Oyaizu, IAM, A4S —— Kobe Women’s Coll., T. Harada,
Segregant from strain A4L.

16134 Cytophaga arvensicola 30 802
IAM 12648 — H. Oyaizu, IAM, A21L —— Kobe Women’s Coll., T. Harada,
soil.

16135 Cytophaga arvensicola 30 802

IAM 12649 —— H. Oyaizu, IAM, A21S — Kobe Women’s Coll., T. Harada,
Segregant from strain A21L.

16137 Cytophaga arvensicola 30 802
IAM 12651 —— H. Ovyaizu, IAM, G8 — Kobe Women’s Coli., T. Harada,
soil.

16138 Cytophaga arvensicola 30 802

IAM 12653 —— H. Oyaizu, IAM, 469 — NIAS (K. Kato; isolated from
rhizosphere of cucumer root).

16139 Cytophaga arvensicola 30 802

IAM 12654 —— H. Oyaizu, IAM, 474 — NIAS (K. Kato; isolated from
rhizosphere of cucumer root).
16140 T  Pseudomonas abikonensis 30 802

KCTC 2864 —— IAM 12404 — Cent. Res. Inst. of Electric Power Ind., (S.
Yamada; DDA 109; oil soaked soil).

16141 Sphingomonas sp. 30 802
KCTC 2881 — JSS7, mineral water.

16142 Sphingomonas sp. 30 802
KCTC 2882 — ]JSS26, mineral water.

16143 Sphingomonas sp. 30 802
KCTC 2883 — ]JSS28, mineral water.

16144 Sphingomonas sp. 30 802
KCTC 2884 —— JSS54, mineral water.

16145 Variovorax paradoxus 30 802

MBIC 3281, water.
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16147 T  Actinomadura aurantiaca 28 296
JCM 8201 — DSM 43924 —- IMET 9577 — INA 1933. ‘

16148 Cellulomonas cellulans 30 230

JCM 3164 — KCC A-0164 — H.A. Lechevalier LL G62 (IMRU 3959,
aluminum hydroxide gelantacid).

16149 T  Rarobacter incanus 30 261
JCM 6350 —- S. Sato, YLM-32.

16150 Microbacterium sp. 30 802
MBIC 3354 —— (T. Hamada; HMD III-3; hot spring).

16155 T  Micromonospora aurantiaca 28 266
VKM Ac-1936 — INA 9442, soil.

16157 T  Sphingomonas trueperi 30 802
NCIMB 9391 — G.R. Anderson, soil.

16158 T  Sanguibacter kiddieri 30 802
NCIMB 703025 — ]J. Garayzabal, ST-74, dairy cows blood samples.

16159 Sanguibacter suarezii 30 802
NCIMB 703023 — J. Garayzabal, ST-26, dairy cows blood samples.

16160 T  Corynebacterium mastitidis 30 346
CECT 4843 —- ]J.F. Fernandez—Garayzabal, S—8, mastitilis in a sheep.

16161 Corynebacterium durum 37 347
CCUG 37331 — P. Riegel, IBS G15036, human sputum.

16162 T  Corynebacterium singulare 37 347
CCUG 37330 — P. Riegel, IBS B52218, human semen.

16163 T  Corynebacterium imitans 37 230

DSM 44264 — G. Funke, DMMZ 2023 —— A. Efstratiou — D. Kuklinska,
human throat.

16164 T  Demetria terragena 30 230
DSM 11295 —— 1. Groth, HKI 0089, frozen compost soil.

16165 T  Terracoccus luteus 30 230
DSM 44267 — H. Prauser, IMET 7848, soil .

16166 T  Streptomyces bobili 28 231
ATCC 3310 -~ S.A. Waksman, soil.

16172 T  Sphingomonas chlorophenolica 30 802
ATCC 33790 —— R.V. Edgehill, Pentachloro phenol-contaminated soil.

16183 Bacillus subtilis 30 802

ATCC 9372 — N.R. Smith, 1221A — Bacon Labs. (Bacillus globigii, red
strain) —— C. R. Phillips (Camp Detrick) — E. MaCoy.
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16188 T  Streptomyces tenebrarius 37 265
ATCC 17920 — Eli Lilly & Co., A.12253.1, soil.

16190 T  Saccharopolyspora spinosporotrichia 28 266
AS 4.198 —— CGMCC (L. Zhiheng; A-50; soil).

16195 T  Sporichthya brevicatena 28 266
IFO (T. Tamura) —— Yamanashi Univ. (M. Hayakawa; YU 720-21; soil).

16196 T  Streptomyces rameus 28 228
ATCC 21273 — Kyowa Hakko Co., 154, soil .

16204 Streptomyces roseoverticillatus 28 227
JCM 4272 — KCC S-0272 — IPV 174, soil.

16205 T  Pseudonocardia sulfidoxydans 28 266
DSM 44248 — Reichert, strain 592, biofilter, animal-rendering plant.

16210 Micrococcus luteus 30 802
E/I?I%t. Microbiol., Faculty of Dentistry, Kagoshima Univ. (T. Monodane;

16217 T  Rhodococcus opacus 30 271
JCM 9703 — DSM 43205 —— IMG —- D. Siebert, 1B.

16218 T  Rhodococcus percolatus ’ 30 227
JCM 10087 — CIP 104964 ~— DSM 44240 — K. Siikanen, HAMBI 1752.

16224 T  Pseudonocardia asaccharolytica 28 266
DSM 44247 — K. Reichert, strain 580, biofilter.

16225 T  Promicromonospora yunnanensis 28 266
AS 4.1333, strain 126 (CCCM).

16231 T  Kineosporia rhamnosa 28 266
JCM 9954 — T. Itoh I-132, leave of cat-tail.

16232 T  Kineosporia succinea 28 266
JCM 9957 — T. Itoh 1-273, fallen leaves.

16233 T  Kineosporia rhizophila 28 266
JCM 9960 —- T. Itoh [-499, root of galingale.

16234 T  Kineosporia mikuniensis 28 266
JCM 9961 —— T. Itoh 1-463, sphagnum.

16247 Gordonia rhizosphera ‘ 30 802
IFO (M. Takeuchi; No.60: soil; rthizosphere of mangrove).

16250 Micrococcus luteus 30 802
IFO (M. Takeuchi; No.73; root; rhizosphere of mangrove).

16255 T  Streptomyces seoulensis 28 266

JCM 10116 —— S.-O. Kang, IMSNU-1 (=IMSNU 21266; soil).
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32624 Discosia aquatica 24 1
IMI 251648 (B.C. Sutton; C142 ; Quercus fusiformis).

32638 Cercospora smilacis 24 8
Fac. Med., Univ. Rovira i Virgili (J. Guarro; FMR 4973; leaf of Smilae sp.).

32646 Diaporthe vaccinii 24 8
CBS 160.32 — C.L. Shear, Oxycoccus macrocarpos.

32648 Epichloe typhina 24 1
CBS 235.84 — G.]. Samuels, leaf tissue of Festuca rubra.

32683 Seiridium cardinale 24 1
CBS 522.82 — H.]. Boesewinkel, Cupressus sempervirens.

32684 Seiridium unicorne 24 8
CBS 538.82 —— H.]. Boesewinkel, Cryptomeria japonica.

32689 Monochaetia lutea 24 1
IMI 168736 —— H.J. Swart —— J. Withers, Acacia pycnantha.

32900 Eleutherascus lectardii 24 2
FEMR 5751 (J. Gene; soil).

32901 Saccobolus globuliferellus 24 8
FMR 5592 (J. Gene; soil).

32902 Zopfiella karachiensis 24 8
FMR 5768 (J. Gene; garden soil).

32903 Zopfiella karachiensis 24 8
FMR 5769 (J. Gene; garden soil).

32904 Zopfiella tetraspora 24 8
FMR 5770 (J. Gene; garden soil).

32905 Guignardia aesculi 24 8
CBS 756.70 (H.A. van der Aa; leaf spot in Aesculus hippocastanum).

32906 Guignardia bidwellii 24 8
CBS 237.48 (C.]. Alexopoulos; Parthenocissus tricuspidata).

32907 Guignardia gaultheriae 24 8
CBS 447.70 (H.A. van der Aa; Gaultheria humifusa).

32908 Guignardia philoprina 24 8
CBS 361.68 (leaf litter of Rhododendron sp.).

32909 Guignardia philoprina 24 1
CBS 174.77, (Cryptomeria japonica).

32910 Guignardia reticulata 24 17

CBS 858.71 (leaf spot in Polygonatum odoratum).
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32911 Guignardia vaccinii 24 8
CBS 126.22 — C.L. Shear, Oxycoccus macrocarpos.

32912 Guignardja vacecinii 24 8
CBS 165.86 (J.A. Stevenson; Oxycoccus macrocarpos).

32913 Phyllosticta artocarpina 24 1
CBS 873.72 (S.M. Singh; leaf of Artocarpus heterophylla).

32914 Phyllosticta capitalensis 24 1
CBS 226.77 — (R. Schneider; leaf spot in Paphiopedilum callosum).

32915 Phyllosticta colocasiicola 24 8
CBS 205.65 (H.A. van Kesteren; leaf spot in Dieffenbachia sp.).

32916 Phyllosticta hypoglossi 24 1
CBS 101.72 (H.A. van der Aa; living Ruscus aculeatus).

32917 Phyllosticta minima 24 1
CBS 585.84 (D.H. Defoe; leaf spot in Acer rubrum).

32918 Lanceispora amphibia 24 16
IFO (A. Nakagiri; AN-1566; submerged fallen leaf of Bruguiera
gymnorrhiza).

32919 Lanceispora amphibia 24 16
IFO (A. Nakagiri; AN-1570; submerged fallen leaf of Bruguiera
gymnorrhiza).

32920 Lanceispora amphibia 24 16

IFO (A. Nakagiri; AN-1116; submerged fallen leaf of Bruguiera
gymnorrhiza).

32922 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 591;
mole latrine).

32923 Hebeloma radicosum 24 7
Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 627;
mole latrine).

32924 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 631;
mole latrine).

32925 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 636;
mole latrine).
32926 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 637;
mole latrine).
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32927

32928

32929

32930

32931

32932

32933

32934

32935

32936

32937

32938

32939

Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine?) .
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine?) .
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine?) .
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine).
Hebeloma radicosum

Grad. Sch. Human & Environm.

mole latrine?) .
Hebeloma radicosum

Grad. Sch. Human & Environm.

shrew-mole latrine).

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

Stud., Kyoto Univ.

(N.

(N.

(N.

(N.

(N.

(N.

(N.

(N.

(N.

(N.

(N.

(N.
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Temp Med

24 7

. Sagara; NAO 642;

24 7
Sagara; NAO 649;

24 7
Sagara; NAO 650;

24 7
Sagara; NAO 651;

24 7
Sagara; NAO 652;

24 7
Sagara; NAO 655;

24 7
Sagara; NAO 656;

24 7
Sagara; NAO 657;

24 7
Sagara; NAO 658;

24 7
Sagara; NAO 669;

24 7
Sagara; NAO 670;

24 7
Sagara; NAO 671;

24 7
Sagara; NAO 676;
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32940 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 677:
shrew—mole latrine).

32941 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 681;
mole latrine).

32942 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 682;
mole latrine?) .

32943 Hebeloma radicosum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 683;
mole latrine?) .

32944 Hebeloma spoliatum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 663;
fertilized soil in bush).

32945 Hebeloma vinosophyllum 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 647;
carcass of a dog or cat).

32946 Coprinus neolagopus 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 653;
forest ground dressed with oxamide).

32947 Coprinus phlyctidosporus 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 665;
urea—treated soil in forest).

32948 Lentinus lepideus 24 7

Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 646;
decaying stump of pine).

32949 Hypsizygus marmoreus 24 1
Grad. Sch. Human & Environm. Stud., Kyoto Univ. (N. Sagara; NAO 684).
32950 Cerinosterus cyanescens 24 1
IFO (K. Mikata; IFO 10900) —— JCM 2914 —— CBS 357.73, mycosis of
human skin.
32951 Cerinosterus luteoalbus 24 108
IFO (K. Mikata; IFO 10901) —— JCM 2923 —— CBS 209.48 — R. Kuhner.
32952 Sporothrix catenata 24 108

IFO (K. Mikata; IFO 10902) —— JCM 2921 —— CBS 215.79 —- O.
Constantinescu, calf suspected to have trichophytosis.

32953 Sporothrix curviconia 24 108

IFO (K. Mikata; IFO 10903) —- JCM 2922 —— CBS 959.73 —— J. Devois,
Terminalia ivorensis.
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32954 Sporothrix foliorum 24 108
IFO (K. Mikata; IFO 10904) —— JCM 2916 —— CBS 326.37 — Unilever
N.V.

32955 Sporothrix fingorum 24 108

IFO (K. Mikata; IFO 10905) —— JCM 2924 —— CBS 259.70, old carpophore
of Fomes fomentarius.

32956 Sporothrix ghanensis 24 108

IFO (K. Mikata; IFO 10906) —— JCM 2925 —— CBS 755.73, spider with eggs
on leaf of Theobroma cacao.

32957 Sporothrix guttuliformis 24 108

IFO (K. Mikata; IFO 10907) —— JCM 2919 —— CBS 437.76 — T. Furukawa,
soil.
32958 Sporothrix inflata 24 108

IFO (K. Mikata; IFO 10908) — JCM 2920 —— CBS 239.68, (W. Gams;
wheat—field soil ).

32959 Sporothrix insectorum 24 108
IFO (K. Mikata; IFO 10909) — JCM 2918 —— CBS 756.73 — H.C. Evans.
32960 Sporothrix ranii 24 108

IFO (K. Mikata; IFO 10910) —— JCM 2917 — CBS 119.81 —— A.F.
Moustafa, tidal salt marsh.

32961 Sporothrix schenckii var. schencki 24 108
IFO (K. Mikata; IFO 10911) —— JCM 2915 —— CBS 359.36 — D.]J. Davis.
32962 Sporothrix sclerotialis 24 108

IFO (K. Mikata; IFO 10912) —— JCM 2913 —— CBS 312.77 —— J.W.
Veenbaas—Rijks, roots of Lolium perenne.

32966 Halophytophthora mycoparasitica 25 15
IFO (A. Nakagiri; AN-1573; submerged fallen leaf of Bruguiera
gymnorrhiza).

32967 Halophytophthora mycoparasitica 25 15
IFO (A. Nakagiri; AN-1574; submerged fallen leaf of Bruguiera
gymnorrhiza).

32968 Ceratocystis fimbriata 20 1
Toyama Agric. Res. Cent. (H. Mukobata; TAC 94H-1; Ficus carica "Masui
Dauphine”).

32969 Ceratocystis fimbriata 20 1
Toyama Agric. Res. Cent. (H. Mukobata; TAC 95S—1; Ficus carica “Masui
Dauphine”).

32970 Claviceps purpurea 20 1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 94-1; Hordeum vulgare).
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32971

32972

32973

32974

32975

32976

32977

32978

32979

32980

32981

32982

32983

32984

32985

32986

32987

Claviceps purpurea

Toyama Agric. Res. Cent. (H. Mukobata; TAC 94-11; Poa annua).

Claviceps purpurea

Temp

20

20

IFO Res. Commun.

Med

i

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 94-51; Alopecurus aequalis

var. amurensis).
Peziza ostracoderma

20

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 94-6; forcing soil for tulips).

Peziza ostracoderma

20

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 95-2; rice seedling of a pot

sheet culture.
Peziza ostracoderma

20

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 95-4; rice seedlings of a pot

sheet culture).

Apinisia graminicola

FMR 6182 —- Stchigel, soil.
Ascodesmis porcina

FMR 6186 —— Stchigel, soil.
Chaetomium cymbiforme
FMR 5846 —— Stchigel, soil.
Chaetomium irregulare
FMR 5826 —— Stchigel, soil.
Chaetomium spiralotrichum
FMR 5828 —— Stchigel, soil.
Emericellopsis glabra

FMR 5915 —— Stchigel, soil.
Gelasinospora pseudocalospora
FMR 5917 —- Stchigel, soil.
Gelasinospora novoguineensis
FMR 5822 —— Stchigel, soil.
Thielavia tortuosa

FMR 5780 — Stchigel, soil.
Aspergillus dimorphicus
FMR 5887 — Stchigel, soil.
Acremonium firrcatum

IFO (T. Ito; T. Ito H8-3-12; garden soil ).

Grifola frondosa

20

20

20

20

20

20

20

20

20

20

24

24

1

1

Hokkaido For. Pro. Res. Inst. (I. Togash i; Gf 85-1 (Etan-no-mai); root of

Quercus mongclica var. grosseserrata).
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32988 Taphrina coerulescens 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; K 9701; Quercus phillyraeoides).

32989 Taphrina coerulescens 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; K 9702; Quercus phillyraeoides).

32990 Taphrina coerulescens 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; K 9703; Quercus phillyraeoides).

32991 Taphrina coerulescens 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; K 9704; Quercus phillyraeoides).

32992 Taphrina wiesneri 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; C 9201; Prunus x yedoensis).

32993 Taphrina wiesneri 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; C 10201; Prunus x yedoensis).

32994 Taphrina deformans 25 1
Fac. Horticul., Chiba Univ. (H. Nagao; C 93051; Prunus persica var.
vulgaris).

32995 Rhizopus microsporus var. microsporus 28 1
CGMCC (AS 3.2674) —— IMAS 8664 (F.~m. Hu; chafd.

32996 Rhizopus microsporus var. microsporus 28 1
CGMCC (AS 3.2677) — IMAS 5431 (F.-m. Hu; swine dung).

32997 Rhizopus microsporus var. rhizopodiformis 28 1
CGMCC (AS 3.2675) — IMAS 3047a (F.-m. Hu; soil).

32998 Rhizopus stolonifer var. lyococcus 24 1
CGMCC (AS 3.3459) —- IMAS 7836b (F.-m. Hu; seeds of plant).

32999 Syncephalastrum monosporum var. cristatum 28 1
CGMCC (AS 3.3354) —— IMAS (F.—m. Hu; S10: spring soil).

33000 Syncephalastrum monosporum var. cristatum 28 1
CGMCC (AS 3.3355) — IMAS (F.-m. Hu; S11; field soil).

33001 Syncephalastrum monosporum var. pluriproliforum 28 1
CGMCC (AS 3.3356) —~ IMAS (F.-m. Hu; S12; pit mud).

33002 Syncephalastrum monosporum var. monosporum 28 1
CGMCC (AS 3.3357) —— IMAS (F.—m. Hu; S7; millet seeds).

33003 Syncephalastrum monosporum var. monosporum 28 1
CGMCC (AS 3.3358) —— IMAS (F.-m. Hu; S8; bone coal).

33004 Syncephalastrum monosporum var. monosporuim 28 1

CGMCC (AS 3.3359) — IMAS (F.—m. Hu; S9; soil).
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33005

33006

33007

33008

33009

33010

33011

33012

33013

33014

33015

33016

33017

33018

33019

Hyalopeziza millepunctata 24 1

Plant Pathol. Herbarium, Cornell Univ. ( R. P. Korf: old stems of Epifagus
virginanus).

Ascochyta aqulegiae ) 24 1
Shikoku Nat. Agric. Exp. Stn. (T. Sato; AS1; Delphinium ajacis).
Stemphylium lycopersici 24 1
Shikoku Nat. Agric. Exp. Stn. (T. Sato; KS3; Kalanchoe blossfeldiana).
Botryotinia fiuckeliana 24 1
Toyama Agric. Res. Cent. (H. Mukobata; TAC 93, asakano 1; Rape).
Botryotinia fiickeliana 24 1
Toyama Agric. Res. Cent. (H. Mukobata; TAC 96, ohmugi 1; Barley).
Microporus vernicipes 24 1

Lab. Forest Ecol., Grad. School Agric., Kyoto Univ. (T. Osono;
MV-SFW1; unidentified twig litter).

Mycena polygramma 24 1

Lab. Forest Ecol., Grad. School Agric., Kyoto Univ. (T. Osono; MP-SFM2;
decomposed litter).

Mammaria echinobotryoides 24 1

Lab. Forest Ecol., Grad. School Agric., Kyoto Univ. (T. Osono; 2BS-8;
leaf litter of Fagus crenata).

Xylaria carpophila 24 8

Lab. Forest Ecol., Grad. School Agric., Kyoto Univ. (T. Osono; XC-SFM5;
cupule litter of Fagus crenata).

Penjcillium crustosum 24 1

Hokaido Forest Prod. Res. Inst. (I. Togashi; 96201 Pe as Penicillium sp.;
mushroom bed of Pholiota nameko).

Penicillium crustosum 24 1

Hokaido Forest Prod. Res. Inst. (I. Togashi; 97203 Pe as Penicillium sp.;
mushroom bed of Flammulina velutipes).

Trichoderma harzianum 24 1

Hokaido Forest Prod. Res. Inst. (I. Togashi; 94110 Tr; Cultivation room of
Lentinula edodes).

Emericella nidulans 24 1
CBS 288.95.
Eurotium amstelodami 28 9
CBS 518.65.
Aspergillus candidus 24 1

CBS 283.95.
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33020

33021

33022

33023

33024

33025

33026

33027

33028

33029

33030

33031

33032

33033

33034

33035

33036

Aspergillus clavatus

CBS 514.65.
Aspergillus flavus

CBS 282.95.
Aspergillus fumigatus
CBS 286.95.
Aspergillus niger

CBS 554.65.
Aspergillus penicillioides
CBS 285.95.
Aspergillus ochraceus

CBS 280.95.
Aspergillus terreus
CBS 601.65.
Aspergillus versicolor

CBS 583.65.
Emericella pluriseminata

FMR 5588 (J. Cano; soil).
Microthecium levitum

FMR 6218 (J. Cano; soil).
Chaetomidium arxii

FMR 6373 (J. Cano; desert soil).
Sarcopodium circinosetiferum

FMR 6354 (J. Cano; garden soil).
Sarcopodium circinosetiferum

FMR 6355 (J. Cano; soil).
Thanatephorus cucumeris

Temp

24

24

24

24

24

24

24

24

24

24

24

24

24

24

169

Med

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 95Kamiichi 1; seedling of

Oryza sativa).
Thanatephorus cucumeris

24

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 95Kamiichi 3; seedling of

Oryza sativa).
Cercospora victorialis

24

1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 97GiL 1; leaf of Allium

victorialis).
Cercospora victorialis

24

"1

Toyama Agric. Res. Cent. (H. Mukobata; TAC 97GiL 4; leaf of Allium

victorialis).
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33037

33038

33039

33040

33041

33042

33043

33044

33045

33046

33047

33048

33049

33050

33051

33052

33053

33054

Name Temp Med
Kernia pachypleura 24 2
UAMH 9026 (S.P. Abbott; SA-M182; leaf of Populus tremuloides).
Lophotrichus bartlettii 24 8
UAMH 9036 (S.P. Abbott; SA-M186; dung of skunk).
Microascus albonigrescens 24 8
UAMH 8753 (S.P. Abbott; SA-M158; debris of red squirrel).
Microascus brevicaulis 24 8
UAMH 7770 (S.P. Abbott; OHS 428; indoor air of honeybee facility).
Microascus longirostris 24 2
UAMH 8354 (S.P. Abbott; SA-M52; indoor air of honeybee facility).
Microascus manginii 24 2
UAMH 7921 (S.P. Abbott; SA-M73; outside air of honeybee facility).
Microascus manginii 24 2
UAMH 9004 (S.P. Abbott; SA-M175; indoor air of office building).
Doratomyces nanus 24 8
UAMH 8741 (S.P. Abbott; SA-M167; soil).
Doratomyces purpureofiscus 24 8
UAMH 9002 (S.P. Abbott; SA-M3; plate contaminant).
Doratomyces putredinis 24 8
UAMH 9028 (S.P. Abbott; SA-M185; dung of skunk).
Scopulariopsis asperula 24 2
UAMH 7879 (S.P. Abbott; OHS 207; indoor air of honeybee facility).
Scopulariopsis asperula 24 2
UAMH 9029 (S.P. Abbott; SA-M183; dung of skunk).
Scopulariopsis brevicaulis 24 2
UAMH 8748 (S.P. Abbott; SA-M155; dung of red squirrel).
Scopulariopsis brumptil 24 1
UAMH 8743 (S.P. Abbott; SA-M165; leaf litter of Betula papyrifera).
Scopulariopsis koningii 24 2
UAMH 7774 (S.P. Abbott; OHS 41; indoor air of honeybee facility).
Scopulariopsis koningii 24 2
UAMH 7918 (S.P. Abbott; SA-M70; mixed air of honeybee facility).
Scopulariopsis sphaerospora 24 2
UAMH 7883 (S.P. Abbott; OHS 189: indoor air of honeybee facility).
Wardomyces anomalus 24 8

UAMH 8275 (S.P. Abbott; RP-4-1M; indoor air of honeybee facility).



No. 19, 1999

IFO No
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33055

33056

33060

33061

33062

33063

33064

33065

33066

33067

33068

33069

33070

33071

33072

33073

Name Temp Med

Wardomyces columbinus 24 8
UAMH 7847 (S.P. Abbott; OHS 209; indoor air of honeybee facility).
Wardomyces humicola 24 8
UAMH 8752 (S.P. Abbott; SA-M151; debris of red squirrel).
Cordyceps heteropoda 24 1
IFO (A. Nakagiri; AN-1634; ascospores ejected from ascoma).
Paecilomyces cicadae 24 1

IFO (A. Nakagiri; AN-1639; conidia from synnema on larva of cicada,
Meimuna opalifera).

Phyllosticta capitalensis 24 1
CBS 398.80 (G.F. Loundon; orchid).
Phyllosticta capitalensis 24 1

IMI 145945 —— Dept. Agric., New Zealand (N.H. Hyde; 3710a; orchid,
intercepted from Australia).

Boothiella tetraspora 24 8
FMR 6557, sand.

Emericellopsis synnematicola 24 2
FMR 6189, soil.

Lepidosphaeria nicotiae 24 8
FMR 6559, soil.

Thielavia coactilis 24 2
FMR 6405, soil.

Monochaetia monochaeta 24 1
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IFO (I. Okane; IOC-797; leaf of Rhododendron pulchrum var. speciosum).

Cirrenalia pygmea 24 8
IFO (I. Okane; IOC-1237; fallen leaf of Buruguiera gymnorrhiza).
Eudarfluca biconica 24 8

Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
96210901; living leaf of Phragmites australis).

FEudarluca biconica 24 8

Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
96280503; living leaf of Phragmites karka).

Paraphaeosphaeria michotii 24 8

Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
96250903; living leaf of Phragmites australis).

Paraphaeosphaeria michotii 24 8

Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
97160104; living leaf of Phragmites karka).
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(T=Type strain)

33074 Phaeosphaeria donacina 24 1
Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
95410901; living leaf of Phragmites australis).

33075 Phaeosphaeria donacina 24 1
Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
96450503; living leaf of Phragmites australis).

33076 Phaeosphaeria oryzae 24 8
Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
95680104; living leaf of Phragmites australis).

33078 Penicillium griseoroseum 24 1
Life Web, Grad. Sch. Human Environ. Stud., Kyoto Univ. (M. Okada;
94-8-3; living leaf of Phragmites karka).

33082 Aspergillus sqjae 30 1
Kikkoman Co. (Y. Hanya) —— NISL 1478A, seed koji of soy sauce.

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

33084 Aspergillus sgjae 30 1
Kikkoman Co. (Y. Hanya) — NISL 1905A, seed koji of soy sauce.

33085 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) — NISL 1909, seed koji of soy sauce.

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

33087 Aspergillus sqjae 30 1
Kikkoman Co. (Y. Hanya) — NISL 1939A, seed koji of soy sauce.

33088 Aspergillus sojae 30 1
Kikkoman Co. (Y. Hanya) —— NISL 1939B, seed koji of soy sauce.

50488 OUMS-27 37
Dept. Cell Biol., Int. Mol. Cell Biol., Okayama Univ., Med. Sch. (M.
Namba; human chondrosarcoma, grade III; left proximal humerus).

50489 GB-1 37
Delf)g. Neurosurg. Nat. Utano Hospital (T. Morimura; human glioma—derived
cells).

50490 MDM2-RNB 37
Dept. Neurosurg. Nat. Utano Hospital (T. Morimura; RNB MDM2; MDM2
gene—transfected neonetal rat astrocyte).

50491 RNB 37

Dept. Neurosurg., Nat. Utano Hospital (T. Morimura; Neonatal rat
(Wistar); brain; astrocytes).
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50492 AM-38 37

Dept. Neurosurg., Kyoto Pref. Univ. of Medicine (K. Mineura; AM; human
glioblastoma —derived cells).

50493 YH-13 37
Dept. Neurosurg., Kyoto Pref. Univ. of Medicine (K. Mineura; YH; human
glioblastoma —derived cells).

50494 KK-2 37

Dept. Clin. Pathol., School of Medicine, Kitazato Univ. (Y. Dobashi;
primitive neuroectodermal tumor—derived cells).

50495 Neuro-2aTG 37
IFO (M. Satoh; Neuro-2aTG; HPRT-deficient mouse neuroblastoma cells).
50496 PC-12TG 37

IFO (M. Satoh; PC-12TG; HPRT-deficient rat pheochromocytoma cells).
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LIST OF EXCLUDED STRAINS
Since April 1996

IFO No. NAME OF TAXON

1145 Torulaspora sp.

3723 Streptomyces netropsis

4200  Aspergillus parasiticus

6820 Ustilago antherarum
12160 Tyukarmurella paurometabola
12465 Thermomonospora chromogena
13396 Streptomyces tenebrarius
14068 Micromonospora aurantiaca
14104 Dactylosporangium variesporum
14110  Micromonospora echinospora subsp. pallida
14178 Thermobifida mesouviformis
14556 Pilimelia terevasa
14840  Microbispora griseoalba
15533 Pilimelia anulata
15554  Actinomadura aurantiaca
15682 Bacillus globisporus
15790  Pilimelia columellifera subsp. columellifera
15880  Planococcus okeanokoites
30112 Aspergillus parasiticus
31337 Termitomyces albuminosus
32433 Platygloea navispora
32434 Platygloea navispora
32636 Cylindrotrichum oligospermum
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LIST OF MEDIA NEWLY REGISTERED

343 SUCROSE BENNETT'S AGAR

345

Yeast extract 1 g
Beef extract 1 g
NZ Amine, type A* ... 2 g
Sucrose 10 g
Distilled water I L
Agar 20 g
pH73

*Sheffield Chemical Co., San Ramon, CA
94583, USA or Wako Pure Chemical Ind.

Ltd., Osaka, Japan.

5% PTYG
Peptone 025¢g
Tryptone 025g
Yeast extract 05 g
Glucose 05 g
MgSO,-7TH,0 06 g
CaCl,-2H,0 007 g
Distilled water I L
Agar 15 g
pH72
PPES-II Agar
Peptone 20 g
Proteose peptone No3....................... 10 g
Soytone 10 g
Yeast extract 10 g
Fe(IIM-EDTA 01 g
Agar 150 g
Artifical sea water® .............ooo......... 1 L
pH738
* Component of artifical sea water
NaCl 300 g
Kcl 07 g
MgSO,-7H,0 54 g
CaCl,-2H,0 10 g
Distilled water 10 L

346 BHI-Tween Agar

Difco-Heart Infusion Broth.............. 250 ¢

Tween 80 100 g

Agar 150 ¢

Distilled water 1 L
347 Blood Agar

Nissui Plate Sheep Blood Agar*

* Nissui pharmaceuticals Co., Ltd.

348 172 Trypticase soy Agar

Trypticase SOV ...oveeeeeeeeeecrrrreee e, 150 g

Distilled water 1 L

Agar 150 g
pH70

349 Microcyclus- SpirosomMedium

Glucose. 10 g
Peptone 10 g
Yeast extract 10 g
Agar (if needed) ..oooeeeeeeerenn.. I5 g
Distilled water 1 L
pH6.8-7.0

350 Acetobacter xylinus medium

Polypeptone*
Yeast extract
Glucose.
Mannitol
MgS0,-7TH,0
Ethanol**
Agar (if needed) ..o 1
Distilled water

= h th = Lh h h th
toe 3 0a 09 03 09

pH6.6-7.0

*  Wako Pure Chemicals Ind. Ltd., Osaka,
Japan
** Sterilize separately by filtration.
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351 IFO medium 351

Polypeptone* 10 g
Yeast extract 2 g
N-Acetyl glucosamine™* ................. 30 mg
MgSO,-7H,0 1 g
Agar (if needed).........c.cconnrrvmmreenann. 15 g
Distilled water 1 L
pH7.0

*  Wako Pure Chemicals Ind. Ltd,, Osaka,

Japan.
** Sterilize by filtration

352 Methylobacterium medium

Polypeptone™® 10 ¢
Yeast extract 2 g
Methanol** 5 ml
MgSO,-7TH,0 1 g
Agar (ifneeded)........cconccermereecrrsnnn 15 ¢
Distilled water 1 L
pH7.0

*Wako Pure Chemicals Ind. Ltd., Osaka,
Japan.

IFO Res. Commun.
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Scientific Papers, 1997-1998

Inhibition of sardine flesh lipoxygenase by a new antioxidant from Aspergillus terreus
Y. Ishikawa®, T. Ito, and K. H. Lee?
J. Jpn. Oil Chem. Soc. 45: 1321-1325 (1996)
1) College of Education, Tottori Univ.
2) School of Pharmacy, Univ. North Carolina at Chapel Hill.

Viability of frozen cultures of Basidiomycetes after fifteen-year storage
T. Ito and A. Nakagiri
Microbiol. Cult. Coll. 12: 67-78 (1996)

Taxonomical position of newly isolated polyethylene glycol-utilizing bacteria
F. Kawai? and Mariko Takeuchi
J. Ferment. Bioeng. 82: 492-494 (1996)
1) Department of Biology, Kobe University of Commerce

Electrophoretic karyotyping analysis of yeast chromosome DNAs
K. Mikata
Microbiol. Cult. Coll. 12: 99-103 (1996) [in Japanese]

L-drying method for long-term preservation of microorganisms
T. Sakane, T. Nishii, T. Ito and K. Mikata
Microbiol. Cult. Coll. 12: 91-97 (1996) [in Japanese]

Application of the variable region in 16S rDNA to create an index for rapid species
identification in the genus Strepfomyces

M. Kataoka?, K. Ueda, T. Kudo?, T. Seki? and T. Yoshida?

FEMS Microbiology Letters 151: 249-255(1997)

1) The International Center for Biotechnology, Osaka University

2) Japan Collection of Microorganisms (JCM)

Surface structure of ascospores of genus Nadsonia Sydow
K. Mikata and T. Nakase?
Microbiol. Cult. Coll. 13: 97-102 (1997)
1) Japan Collection of Microorganisms (JCM)

Reclassification of Cyfophaga aprica (Lewin 1969) Reichenbach 1989 in
Flammeovirga gen. nov. as Flammeovirga aprica comb. nov. and of
Cytophga diffluens (ex Stanier 1940; emend. Lewin 1969) Reichenbach 1989 in
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Persicobacter gen. nov. as Persicobacter diffluens comb. nov.
Y. Nakagawa, K. Hamana, T. Sakane, and K. Yamasato?
Int. J. Syst. Bacteriol. 47: 220-223 (1997)
1) College of Medical Care and Technology, Gunma University
2) Institute of Applied Microbiology, The University of Tokyo

Collection, detection and isolation of fungi: marine fungi
A. Nakagiri
Nippon Kingakukai Kaiho 38: 105-109 (1997) [in Japanese]

Retrostium amphiroae gen. et sp. nov. inhabiting a marine red alga, Amphiroa zonata
A. Nakagiri and T. Ito
Mycologia 89: 484-493 (1997)

Lanceispora amphibia gen. et sp. nov., a new amphisphaeriaceous ascomycete inhabit-
ing senescent and fallen leaves of mangrove

A. Nakagiri, I. Okane, T. Ito and K. Katumoto?

Mycoscience 38: 207-213 (1997)

1) 2055-27, Oouchmihori, Yamaguchi, Yamaguchi 753-02 Japan

The pathogen of fruit stain disease of pear in Okayama Prefecture
H. Nasu? and A. Nakagiri
Rep. Okayama Pref. Agric. Exp. St. 15: 25-30 (1997)
1) Okayama Prefectural Agriculture Experiment Station

Gymnastatins, novel cytotoxic metabolites produced by a fungal strain from a sponge
A. Numata?, T. Amagata®, K. Minoura? and T. Ito
Tetrahedron Letters 38: 5675-5678 (1997)
1) Osaka University of Pharmaceutical Sciences

Viabilities of dried cultures of various bacteria after preservation for over 20 years
and their prediction by the accelerated storage test

T. Sakane and K. Kuroshima

Microbiol. Cult. Coll. 13: 1-7 (1997)

Promotion of neurogenesis in mouse olfactory neuronal progenitor cells by leukemia
inhibitory factor in vitro

M. Satoh and T. Yoshida

Neurosci. Lett. 225: 165-168 (1997)

A new genus the oder Actinomycetales, Spirilliplanes gen. nov., with description of
Spirilliplanes yamanashiensis sp. nov.
T. Tamura, M. Hayakawa® and K. Hatano
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Int. J. Syst. Bacteriol. 47: 97-102 (1997)
1) Department of Applied Chemistry and Biotechnology, Faculty of Engineering,
Yamanashi University

The phylogeny of strains of species of the genus Pichia Hansen (Sacchromycetaceae)
based on the partial sequences of 18S ribosomal RNA: the proposals of Phaffomyces
and Sfarmera the new genera

Y. Yamada?, T. HigashiV, S. Ando®? and K. Mikata

Bull. Fac. Agric. Shizuoka Univ. 47: 23-35 (1997)

1) Department of Agricultural Chemistry, Shizuoka University

Cytotoxic substances produced by a fungal strain from a sponge: physico-chemical
properties and structures

T. Amagata?, Y. Usami?, K. Minoura®?, T. Ito and A. Numata?

J. Antibiot. 31: 33-40 (1998)

1) Osaka University of Pharmaceutical Sciences

Identification and characteristics of the yeast strain isolated from sake lees
H. Ando?, T. Ikegami?® and K. Mikata
Reports of Kyushu National Industrial Research Institute 61: 3817-3825 (1998)
1) Kagoshima Prefectural Institute of Industrial Technology
2) Materials Chemistry of Department Kyushu National Industrial Reserch Insti-
tute

Polymerase profiles as chemotaxonomic marker within alpha, beta, gamma, delta, and
epsilon subclasses of class Profeobacteria: distribution of 2-hydroxyputrescine and
homospermidine
K. Hamana? and Mariko Takeuchi
Microbiol. Cult. Coll. 14: 1-14 (1998)
1) Department of Laboratory Sciences, Gunma University School of Health
Sciences

Thielavia aurantiaca, a new species from Japanese soil
T. Ito, I. Okane and A. Nakagiri
Mycoscience 39: 93-96 (1998).

The latest taxonomy of the genus Saccharomyces
K. Mikata
J. Brew. Soc. Japan 93: 858-862 (1998) [in Japanese]

Establishment of an epidermal growth factor-dependent, multipotent neural precursor
cell line
Y. Nakagaito, M. Satoh, H. Kuno, T. Iwama®, Masao Takeuchi, A. Hakura® and
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T. Yoshida
In Vitro Cell. Dev. Biol. 34: 585-592 (1998)
1) Takeda Chemical Industries, Ltd.
2) Institute for Microbial Diseases, Osaka University

Utilization of RAPD for quality control of bacterial cultures preserved in culture
collections
Y. Nakagawa, H. Kawasaki?, T. Nishii, T. Sakane, A. Yokota? and K. Hatano
Microbiol. Cult. Coll. 14: 15-21 (1998)
1) Institute of Molecular and Cellular Biosciences, The University of Tokyo

Diversity of halophytophthoras in subtropical mangroves and factors affecting their
distribution
A. Nakagiri
In: Proceedings of the Asia-Pacific Mycological Conference on Biodiversity and
Biotechnology, pp.109-113, BIOTEC, Thailand (1998)

Zoosporangium development, zoospore release and culture properties of
Halophytophthora mycoparasitica

A. Nakagiri, 1. Okane and T. Ito

Mycoscience 39: 223-230 (1998)

Plants and fungi
1. Okane
J. Antibact. Antifung. Agents 26: 403-411(1998) [in Japanese]

Endophytic fungi in leaves of ericaceous plants
I. Okane, A. Nakagiri and T. Ito
Can. J. Bot. 76: 657-663 (1998)

A simple PCR method for distinguishing Saccharomyces cerevisiae from its sibling
species by amplification of the RPL2 region
S.-L. Ryu?, K. Mikata, Y. Murooka? and Y. Kaneko?
J. Ferment. Bioeng. 86: 249-252 (1998)
1) Depertment of Biotechnology, Graduate School of Engineering, Osaka Univer-
sity

-Casomorphin-5 stimulates neurite outgrowth in a mouse neuroblastoma cell line
(Neuro-2a)
M. Sakaguchi?, K. Murayama’, K. Yabe", M. Satoh, Masao Takeuchi and E.
Matsumura®
Neurosci. Lett. 251: 97-100 (1998)
1) Laboratory of Cell Biology, Osaka University of Pharmaceutical Sciences
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Platelet-like particle formation in the human megakaryoblastic leukemia cell lines,
MEG-01 and MEG-01s
K. Takeuchi?, M. Satoh, H. Kuno, T. Yoshida, H. Kondo" and Masao Takeuchi
Br. J. Haematol. 100: 436-444 (1993)
1) Osaka Prefectural College of Health Science

Union of the genera Microbacterium Orla-Jensen and Aureobacterium Collins et al.
in a redefined genus Microbacterium

Mariko Takeuchi and K. Hatano

Int. J. Syst. Bacteriol., 48: 739-747 (1998)

Gordonia rhizosphera sp. nov. isolated from the mangrove rhizosphere
Mariko Takeuchi and K. Hatano
Int. J. Syst. Bacteriol., 48: 907-912 (1998)

Proposal of six new species in the genus Microbacterium and transfer of
Flavobacterium marinotypicum ZoBell and Upham to the genus Microbacterium as
Mjcrobacterium maritypicum comb. nov

Mariko Takeuchi and K. Hatano

Int. J. Syst. Bacteriol., 48: 973-982 (1998)

Phylogenetic Analyses on the strains belonging to invalidated genera of the order
Actinomycetales

T. Tamura and K. Hatano

Actinomycetologica 12:15-28 (1998)

A New Genus of the Order Actinomycetales, Cryptosporangium gen. nov., with
Descriptions of Cryptosporagium arvum sp. nov., Cryptosporangium japonicum sp.
nov.
T. Tamura, M. Hayakawa? and K. Hatano
Int. J. Syst. Bacteriol. 48: 995-1005 (1998)
1) Department of Applied Chemistry and Biotechnology, Faculty of Engineering,
Yamanashi University
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Presentation of Papers at Scientific
Meetings, 1997-1998

Japan Society for Bioscience, Biotechnology and Agrochemistry (April, 1997, Tokyo)

K. Murayama?, M. Sakaguchi?, E. Matsumura®, Y. Jinsmaa®, M. Yoshikawa®, M.
Satoh and Masao Takeuchi

Relationship between neurite outgrowth stimulating activity and opioid activity of
/3-casomorphins

1). Laboratory of Cell Biology, Osaka University of Pharmaceutical Sciences

2) Faculty of Agriculture, Kyoto University

M. Suzuki?, Y. Nakagawa, S. Yamamoto" and S. HarayamaV

Phylogenetic analysis of the Cytophaga-Flavobacterium complex and the related
bacteria based on gyrB sequences

1) Marine Biotechnology Institute, Kamaishi Laboratories

Mariko Takeuchi and K. Hatano
Taxonomic study of actinobacteria isolated from the mangrove rhizosphere

K. Ueda and K. Mikata
Identification of group I intron within the 18S rDNA from Stephanoascus ciferrii
and Arxula terrestris

Symposium on preservation and application of microbial resources (May, 1997, Hsin-

chu, Taiwan)

Masao Takeuchi

Roles of animal cell banks in life science

The 10th International Symposium for Biology of Actinomycetes (May, 1997. Beijing)

T. Tamura, M. Hayakawa? and K. Hatano

A New Genus of the Order Actinomycetales, Kineopolyspora gen. nov.

1) Department of Applied Chemistry and Biotechnology, Faculty of Engineering,
Yamanashi University

Mycological Society of Japan (May, 1997, Higashi-hiroshima)

T. Ito and A. Nakagiri
Mycoflora of the rhizosphere of Bruguiera gymnorrhiza.

A. Nakagiri, I. Okane and T. Ito
A new Amphisphaeriaceous fungus from senescent and fallen leaves of Bruguiera
gymnorrhiza
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I. Okane, A. Nakagiri and T. Ito
Successional change of endophytic fungi after leaf fall in ericaceous plants

Japan Society for Culture Collection (June, 1997, Wako)
K. Mikata and T. NakaseV
Surface structure of ascospores of the ascomycetous yeasts
1) Japan Collection of Microorganisms (JCM)

Japanese Society of Microbial Ecology (July, 1997, Sapporo)
I. Okane
Endophytic fungi of ericaceous plants.

M. Suzuki?, T. Takadera®, S. Yamamoto", H. Sano?, Y. Nakagawa and S.
HarayamaV

Diversity of the Cyftophaga/Flavobacterium complex and the related bacteria
isolated from sea weeds based on gyrB sequence analysis

1) Marine Biotechnology Institute, Kamaishi Laboratories

2) Marine Biotechnology Institute, Shimizu Laboratories

61st Anuual Meeting of the Botanical Society of Japan (September, 1997, Narashino)
D. Honda", T. Yokochi?, T. Nakahara?, K. Schaumann®, S. Raghu-kumar®, A.
Nakagiri and T. Higashihara?®
Molecular phylogeny of labyrinthulids inferred from 18S rRNA gene sequence
1) Marine Biotechnology Institute, Kamaishi Laboratories
2) Inst. Lifesci. Technol.
3) Alfred-Wegner-Inst. Pol. Meeresforsch. Germany
4) Nat. Inst. Oceanogr. India

23rd Kinki Agri-high-tech Symposium (October, 1997, Kyoto)
A. Nakagiri
Long term preservation of fungal cultures

3rd Annual Academic Meeting of Japan Association of Mangrove (November, 1997,
Tokyo)

A. Nakagiri

Ecology of Halophytophthora species inhabiting mangrove brackish water

17th Annual Meeting on Microbial Taxonomy (November, 1997, Tsuchiura)
Mariko Takeuchi
Union of the genera Microbacterium and Aureobacterium and proposal of new
seven species in a redefined genus Microbacterium

The Japanese Tissue Culture Association, Autumn Symposium (November, 1997,
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Osaka)
T. Yoshida
Proliferation and differentiation of CNS progenitor cells

Symposium on the Institute of Physical and Chemical Research (RIKEN) (November,
1997, Wako)

K. Mikata

Taxonomy of the genus Saccharomyces

International symposium on bioactive peptides deived from food and non-food proteins
(December, 1997 Kyoto)
M. Sakaguchi?, K. Murayama?, E. Matsumura?, Y. Jinsmaa®, M.Yoshikawa?, M.
Satoh and Masao Takeuchi
Stimulatory effect of B-casomorphins on neurite outgrowth in mouse neuroblas-
toma cells ,
1) Laboratory of Cell Biology, Osaka University of Pharmaceutical Sciences
2) Faculty of Agriculture, Kyoto University

The 49th Yeast Research Club (March, 1998, Nishinomiya)
K. Mikata
Morphology and taxonomy of ascomycetous yeasts

Japan Society for Bioscience, Biotechnology and Agrochemistry (April, 1998, Nagoya)
K. Ashiya?, H. Kawasaki®, Y. Nakagawa, T. Sakane, Y. Uemura?, S.
Krivonogov®, H. Takahara® and T. SekiV
Analysis of microbial diversity in ancient soil
1) The International Center for Biotechnology, Osaka University
2) School of Letters, Bukkyo University
3) UIGGM, SB, RAS
4) Faculty of Agriculture, Kyoto Prefectural University

K. Uemori?, H. Ryu?, D. Honda, Mariko Takeuchi, K. Yokota" and J. Sugiyama®
Phylogenetic analysis of gram-positive bacteria which containing 2,4~
diaminobutyric acid in the cell wall

1) Institute of Molecular and Cellular Biosciences, The University of Tokyo

Mycological Society of Japan (May, 1998, Kyoto)
T. Ito, A. Nakagiri and 1. Okane
Mycoflora of the rhizosphere of Salcornia europaea

A. Nakagiri, I. Okane and T. Ito
Geographical and seasonal distribution of arenicolous marine fungi along the
Pacific coast of the Bousou Peninsula
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I. Okane, A. Nakagiri, and T. Ito
Host range of an endophytic species of Guignardia (anamorph: Phyllosticta)

Japan Society for Culture Collection (June, 1998, Higashi-hiroshima)
Y. Nakagawa, T. Nishii, H. Kawasaki?, T. Sakane, A. Yokota® and K. Hatano
Utilization of RAPD for quality control of preserved bacterial cultures
1) Institute of Molecular and Cellular Biosciences, The University of Tokyo

K. Ueda and K. Mikata
Kluyveromyces strains isolated in the Nansei Islands

Asia-Pacific Mycological Conference on Biodiversity and Biotechnology (July, 1998,
Hua Hin, Thailand)
A. Nakagiri
Diversity of halophytophthoras in subtropical mangroves and factors affecting their
distribution '

1st International Symposium on Identification of Microorganisms and their Secondary
Metabolites (August, 1998, Seoul)

Mariko Takeuchi

Actinobacteria in mangrove rhizospheres

-isolation, identification and classification-

3rd Congress of the Asian-Pacific Organization for Cell Biology (August, 1998, Osaka)
K. TakeuchiV, M. Satoh, T. Yoshida and Masao Takeuchi
In vitro formation and function of platelet-like particles from human megakaryob-
lastic leukemia cell lines, MEG-01 and MEG-01s
1) Osaka Prefectural College of Health Science

The Japanese Association for the Study of Taste and Smell (October, 1998, Koriyama)
M. Satoh
Characterization of olfactory basal cells in culutre

Annual Meeting on Microbial Taxonomy (October, 1998, Kawaguchi-ko)
M. Suzuki?, Y. Nakagawa, S. Yamamoto? and S. Harayama?
Phylogenetic analysis of Cytophaga/ Flavobacterium/Bacteroides complex based
on the amino acid sequences of gyrB and taxonomic consideration of the genus
Marinilabilia
1) Marine Biotechnology Institute, Kamaishi Laboratories

Endophytics Microbes Workshop (November, 1998, Bogor, Indonesia)
I. Okane
Assemblages of endophytic fungi in leaves of ericaceous plants and their succes-
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sional change

The Molecular Biology Society of Japan (December, 1998, Yokohama)
M. Kataoka?, T. Seki? and K. Ueda
Two distinct mechanisms cause heterogeneity of 16S rRNA
1) Mitsubishi-Kasei Institute of Life Sciences
2) The International Center for Biotechnology, Osaka University

K. Ueda and K. Mikata
Group I introns and species differentiation of yeast-like fungi
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Miscellaneous Scientific
Papers, 1997-1998

A. Nakagiri. 1997. Fungi living in the sea. In: Kinoko-no-sekai, Vol. 4, p. 119. Asahi
Shinbunsha, Tokyo. [in Japanese]

A. Nakagiri. 1998. Chap. 4, 9. Marine fungi. In: An illustrated guide to mitosporic fungi
(Deuteromycetes)...Collection, isolation and identification. (ed. by K. Tubaki), pp. 85-97.
IPC, Tokyo. [in Japanese]

A. Nakagiri. 1998. Chap. 4. Ecology of fungi in Chiba Prefecture, 3. River, lake and sea.
In: Natural history of Chiba Prefecture, Vol. 4. Plants in Chiba Prefecture 1, -Bacteria,
fungi, lichen, algae and moss~, pp. 72-78. Chiba Historical Materials Research Founda-
tion, Chiba. [in Japanese]

Masao Takeuchi. 1998. Cell Banks and Gene Banks in Japan, Chap. 2-3, 6-1, 11-1. 8,
11-1 (ed. by Cell Bank Committee, The Japanese Tissue Culture Association). Kyoritsu
Shuppan, Tokyo. [in Japanese]
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Amendment of the Plant Quarantine Law for
Phytopathogenic Microorganisms

Distribution of many imported phytopathogenic microorganisms that are preserved in
the IFO Collection is controlled by the plant quarantine law in Japan. With the
amendment of this law, the restrictions on distribution of the following 135 pathogenic
strains have been relaxed. They are now available directly from the IFO Collection
without authorization of the plant protection station.

Derestricted strains of phytopathogenic microorganisms.

Species name IFO No.
Aspergillus candidus 4036, 4037, 32248
Aspergillus clavatus 4045, 8605, 8606
Aspergillus flavus 4295, 6343, 7540, 7599, 7600, 30107, 30180
Aspergillus melleus 7541, 32035
Aspergillus niger 4066, 4343, 5374, 5376, 6341, 6342, 6428, 6661, 6662, 8541, 9455,
31638

Aspergillus ochraceus 4069, 4070, 4071, 4072
Aspergillus restrictus 31385
Aspergillus sclerotiorum 5863, 7542, 32036
Aspergillus tamarii 4099
Aspergillus versicolor 4105, 30338, 31639
Ceratocystis paradoxa 6325, 6804
Chaetomium brasiliense 32221
Chaetomium cochliodes 6308, 6309, 6550, 9911
Chaetomium funicola 6555
Chaetomium globosum 5886, 31387
Chaetomium indicum 6558
Endomyces geotrichum 9541, 9542
Eurotium amstelodami 4028, 5817, 31389
Geotrichum candidum 4597, 4599, 5959, 6454, 9538, 9539, 9540
Memnoniella echinata 31007, 31644, 31649
Mucor circinelloides f.

griseocyanus 4563
Myrothecium verrucaria 6113, 6133, 6351, 9056, 32264
Penicillium aurantiogriseum

var. aqurantiogriseum 5847, 7733
Penicillium chrysogenum 4626, 4688, 4689, 4897, 5471, 5472, 5473, 6135, 9250, 9251, 9252,

32029, 32030
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(continued)

Species name IFO No.
Penicillium citrinum 6352
Penicillium claviforme 31392
Penicillium corymbiferum 6092
Penicillium digitatum 7006, 7758
Penicillium expansum 5854, 6096
Penicillium glabrum 31393
Penicillium islandicum 6963, 6964, 7601
Penicillium italicum 5848, 32032
Penicillium rubrum 30542, 32043
Penicillium spinulosum 5853
Penicillium thomii 6109, 31394, 31645

Petromyces alliaceus

Rhizopus oryzae

Rhizopus stolonifer

Streptomyces flavovirens

Trichoderma harzianum

Trichothecium roseum

W allemia sebi

Zygorhynchus moelleri

5320, 7538, 32230, 32231

4707, 4772, 4798, 5378, 5379, 5380, 5384, 5780, 6155, 9364, 31005
5781, 6154, 6300, 30795

3197, 3412, 3716, 12771

30543, 31976

6157, 31647

32277

4832, 5305
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Aspergillus Reference Culture Set

The following eleven strains of Aspergillus were received from the Centraalbureau
voor Schimmelcultures, which is a member of the International Commission on Penicil-
lium and Aspergillus (ICPA). These strains are guaranteed by the ICPA members as a
reference culture set.

You can use these authorized strains and get other information on these cultures from
the ICPA homepage (http://www.cbs.knaw.nl/ICPA/ICPA.HTM).

Isolate Numbers of Reference Cultures

Species name IFO CBS IMI ATCC
Emericella nidulans 33017 288.95 370083 96921
Eurotium amstelodami 33018 518.65 229971 16464
Aspergillus candidus 33019 283.95 78734 13686
Aspergillus clavatus 33020 514.65 321306 10058
Aspergillus flavus 33021 282.95 370082 22546
Aspergillus fumigatus 33022 286.95 370079 96918
Aspergillus niger 33023 554.65 50566 16888
Aspergillus penicillioides 33024 285.95 370081 42692
Aspergillus ochraceus 33025 280.95 370080 96919
Aspergillus terreus 33026 601.65 17294 1012
Aspergillus versicolor 33027 583.65 229970 96920

Ordering cultures

Please specify both species name(s) and its IFO accession number(s) on the order
form and send it to IFO by mail or facsimile. All orders and other correspondence
should be addressed to:

Institute for Fermentation, Osaka (IFO)
17-85, Juso-honmachi 2-chome, Yodogawa-ku, Osaka 532-8686, Japan
FAX:+81-6-6300-6814

The following fees are charged and should be paid upon receipt of an invoice.

For commercial firms ¥ 8,000
For non-profit organizations ¥ 4,000
For domestic high schools ¥ 1,000

A handling charge of ¥ 5,000 and a shipping charge are added to all orders to be shipped
outside of Japan.



Announcement of Change of Fungal Name
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The listed name of the following 12 strains was changed from Aspergillus parasiticus
to Aspergillus sojae, because they were proved to be genetically unable to produce

aflatoxins.
1IFO 4239 Aspergillus parasiticus — Aspergillus sojae
IFO 4241 Aspergillus parasiticus - Aspergillus sojae
IFO 4243 Aspergillus parasiticus - Aspergillus sojae
IFO 4244 Aspergillus parasiticus — Aspergillus sojae
IFO 4252 Aspergillus parasiticus — Aspergillus sojae
1IFO 4274 Aspergillus parasiticus — Aspergillus sojae
IFO 4279 Aspergillus parasiticus - Aspergillus sojae
IFO 4386 Aspergillus parasiticus - Aspergillus sojae
1IFO 4391 Aspergillus parasiticus - Aspergillus sojae
IFO 4403 Aspergillus parasiticus — Aspergillus sojae
IFO 5241 Aspergillus parasiticus — Aspergillus sojae
IFO 32074 Aspergillus parasiticus — Aspergillus sojae

A further 7 strains (IFO 33082—33088) of Aspergillus sojae, which were also proved
to be genetically unable to produce aflatoxins, have been deposited in our collection (see
Newly Accepted Strains).
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Corrections

In the issue of IFO Research Communications No.18, the following corrections
should be made.

Page Line Type Should read
42 23 Pencillium sp. 1 Penicillium sp. 1
42 24 Pencillium sp. 2 Penicillium sp. 2
42 25 Pencillium sp. 3 Penicillium sp. 3
42 26 Pencillium sp. 4 Penicillium sp. 4

107 25 taxicarius toxicarius
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