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Phylogenetic relationships of the vorticellid ciliates based on small subunit rRNA gene sequences
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Analysis of Genomic Polymorphism among Blastocystis Strains Isolated from Humans.
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Are the rumen protozoa incapable of synthesizing threonine?

© Mamun M. Or-Rashid, Shaila Wadud, and Ryoji Onodera
(Laboratory of Animal Nutrition and Biochemistry, Faculty of Agriculture, Miyazaki Uni-

versity, Japan)

Introduction] In ruminant animals, a large portion of the
amino acids incorporated into milk, meat, and fibre proteins
are synthesized by rumen microorganisms [1]. Threonine
(Thr) is thought to be an essential amino acid to ruminants
[2] as well as other mammals, which, in absence, retards
normal growth and function of the body. Scientists have
done a lot to define Thr synthesis mechanism in plants and
general microorganisms, but they have almost ignored to
understand how this mechanism works in rumen microor-
ganisms as well as ruminants. In general, plants and mi-
croorganisms can synthesize this amino acid by aspartate
pathway in which homoserine (Hser) acts as a key inter-
mediate [3].

In addition to the bacteria in the rumen there are many
larger (5-250 pm long) organisms which at various times
have been designated protozoa. Protozoa can represent as
half of the total rumen microbial biomass and approxi-
mately 25% of the microbial protein available to the host is
protozoal in origin [4]. Although rumen protozoa are
known to synthesize some of their amino acids de novo [4,
5], but to our knowledge there has been no direct evidence
until now with regard to Thr synthesis from its precursor,
mentioned above, by rumen protozoa.

Considering the scarcity of complete information about
Thr synthesis, this research was conducted to quantitatively
investigate the in vitro synthesis of Thr and production of
other related compounds from Hser by mixed rumen pro-
tozoa. In addition, same experiment was also carried out by
mixed rumen bacteria and the mixtures of mixed rumen
bacteria and protozoa.

[Materials and Methods] Suspensions (20 ml) of mixed
protozoa (P), mixed bacteria (B), and B plus P (BP) were
prepared from goat rumen contents [6] and incubated an-
aerobically with and without substrate (2 mM) in 30 ml
Erlenmeyer flasks at 39°C for 0, 6, and 12 h. After depro-
teinization and centrifugation samples were analyzed by a
convenient HPLC method established by the authors [7].

[Results and Discussion] Mixed rumen protozoa were not
able to synthesize Thr de novo by the main biosynthetic
pathway involving Hser, although Hser disappeared to a
significant extent from the incubation medium (46.0% in 6
h incubation period). Therefore, it seemed that homoserine
kinase [EC 2.7.1.39] and threonine synthetase [EC
4.2.99.2], the enzymes responsible for the conversion of
Hser to Thr via O-phosphohomoserine might not be present
in rumen protozoa. On the contrary, B (329.2 and 272.5
pmol/g of microbial nitrogen in 6- and 12- h incubation,

respectively) and BP (371.9 and 297.2 pmol/g of microbial
nitrogen in 6- and 12- h incubation, respectively) possessed
abilities of de novo synthesis of Thr. It was interesting to
note that protozoa alone could not synthesize any Thr from
Hser, but when they were mixed with rumen bacteria, Thr
production (umol/g of microbial nitrogen) capability of BP
suspensions increased by 13.0 and 9.1% over that of B
alone during 6- and 12-h incubation, respectively. The
reason of the higher value of Thr production in BP in this
case is not known for certain, but it seems that the associa-
tion of P with B in the suspension may accelerate the ac-
tivities of the relevant enzymes [i.€., homoserine kinase and
threonine synthetase] and can be regarded as a positive
interaction between the bacteria and the protozoa. Thus, it is
strongly suggested that co-existence of P in B suspension
may have beneficial effect in Thr production in the natural
rumen microbial ecosystem. Other metabolites produced
from Hser were found to be glycine (Gly) and 2-
aminobutyric acid (2AB) in B and BP but not in P.

In addition, de novo synthesis of Met from homocysteine,
cystathionine, and Hser plus cysteine was also investigated
in P, B, and BP. P, B, and BP could synthesize Met from the
substrates. Co-existence of P in B suspension (i.e., in BP)
increased Met production (in terms of per g microbial ni-
trogen) compared with B.
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Figure 1. Effect of oryzalin on the encystation of
Entamoeba invadens.

Inhibition of encystation of Entamoeba invadens by antitubulin drug oryzalin.
By Asao Makioka, Masahiro Kumagai, Hiroshi Ohtomo (Dept. Trop. Med., Jikei Univ. Sch. Med.), Seiki Kobayashi &
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By Hiroyuki TANABE, Masaki FUJIIKE & Sachiko YOSHIOKA (Biochem. Agric. Kinki Univ.)
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Heteroplastic grafting of Blepharismas

Masanori KONDO , Mihoko TAKAHASHI (Inst. of Biol. Sci., Univ. of Tsukuba)
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Photosignaling in Blepharisma: Analysis of proton concentration in pigment granules.
By Masaharu YASUDA, Tatsuomi MATSUOKA (Dept. Biol., Kochi Univ.)



40 34

23
O )
Ca2+
C az+
Ca2+
(RR)
RR
Mg®* Cd** Co*" La** Mn*
Free-Mg?" Ca-EGTA
buffer program Free-Mg”>*
0.01% Knop
XL-20 (Olympus) MR-1500 (Konica)
10 mM EGTA
EDTA
RR
0.1
JEOL JEM-1010
C a2+
10°M Ca™"
Mg> 10°M
EGTA
EDTA

2001

0.001% RR

RR

Involvement of extracellular divalent cations in gliding motility of Peranema trichophorum

By Akira SAITO and Toshinobu SUZAKI (Department of Biology, Faculty of Science, Kobe University)
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Cell fusion of heliozoons by the extrusomal glycoprotein gp40
By Hiromi MURAKAMI, Mayuko HATAKEYAMA and Toshinobu SUZAKI (Department of Biology, Faculty of Sci-

ence, Kobe University)
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Changes in ciliate fauna caused by water qualities and seasons
By Noriko NAGATA' and Tadao MATUSAKA? (1Syst. Nat. Env., Grad. Sch. Sci. Technol., and 2Df:pt. Env. Sci., Fac.
Sci., Kumamoto Univ.)
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2) Dehority, B. A. (1986) Insect Sci. Appl., 7. 279-296.

3) Imai, S. (1984) Jpn. J. Vet. Sci. 46. 391-395.
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Rumen ciliate fauna of water baffalo (Bubalus bubalis) and goat (Capra hircus) in Nepal
By Yutaka MIYAZAKI', Asako SHIMAMURA', Kazunori IKE', Tatsushi MORITA', Kosaku KOBAYASHI? Soichi
IMAI' (‘Department of Veterinary Parasitology, Nippon Veterinary and Animal Science University, “Department of In-

ternal Medicine, Azabu University)
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Cultivation of Cryptosporidium parvum Using HCT-8 Cell Line and Quantification of the Parasite Growth.
By Fernando M. HERMIDA', Isao KIMATA', Motohiro ISEKI? ('Osaka City Univ., 2Kanazawa Univ.)
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Effect of cytochalasin D on the growth, encystation and multinucleation of Entamoeba invadens.
By Asao Makioka, Masahiro Kumagai, Hiroshi Ohtomo (Dept. Trop. Med., Jikei Univ. Sch. Med.), Seiki Kobayashi &
Tsutomu Takeuchi (Dept. Trop. Med. & Parasitol., Keio Univ. Sch. Med.)
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Molecular phylogeny of the genus, Mayorella using RAPD-PCR.
By Yuuji Tsukii (Lab. Biol., Hosei University)
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Characterization and Specificity of a 38-kDa Antigen of Acanthamoeba comandoni.

By Fumie KOBAYASHI', Takashi TSURUHARA? Maiko FUKAZAWA?®, Minoru FUKUDA®*, Hayato KAWAKAMT’,
Hiroshi HIRANO®, Moriyasu TSUJI' (‘Dept. of Infect. Dis., Kyorin Univ. School of Med., *Advanced Environmental
Tech. Cent., Environ. Sci. Res. Niigata, *Dept. of Biol., Tokyo Gakugei Univ., “Lab. for Electron microscopy and *Dept. of

Anatomy, Kyorin Univ. School of Med.)
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Food uptake and kinetocyst discharge by the centrohelid heliozoon Raphidiophrys contractilis.
By Toshinobu SUZAKI' and Miako SAKAGUCHI? (lDept. Biol., Fac. Sci., Kobe Univ., *Inst. Zool., Berlin Free Univ.,
Germany)
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Calcium-dependent cytoplasmic contraction in Heliozoa.

By Mikihiko ARIKAWA and Toshinobu SUZAKI (Department of Biology, Faculty of Science, Kobe University)
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Macronucleus-specific symbiotic bacterium Holospora obtusa induces alterations in gene-expressions of the host cell.
Yoshimitsu NAKAMURA, Manabu HORI, Masahiro FUIISHIMA (Biological Institute, faculty of Science, Yamaguchi

University)
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Analysis of Conjugation Process Using Interspecific Conjugating Pairs
By Akira YANAGTI' and Yoichi YASHIMA? (1Dept. of Biotechnol., Senshu Univ. of Ishinomaki, 2Sch. Lib. Arts and Sci.,

Iwate Med. Univ.)
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Characterization of the Rickettsia newly found in the macronucleus of Paramecium caudatum.
By Hideo DOHRA (Institute for Genetic Research and Biotechnology, Shizuoka University)
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Clamped homogeneous electric field electrophoresis reveals a fascinating world of genomic DNA in Parameicum
By Nobuyuki HAGA, Masakazu MATSUSHIMA, Mizuho TANAKA, Ryuichi KAWASHIMA, Minoru HOSHI, Y oshi-
hiro OGASAWARA, Yasushi HORANALI and Satoshi OHTA (Dept. of Biotech. Senshu Univ. of Ishinomaki)
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Endonuclear symbiotic bacteria Holospora excrete their groEL homologues outside the bacteria.
By Yukiko HARAYAMA and Masahiro FUJIISHIMA (Biological Institute, Faculty of Science, Yamaguchi Univ.)
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Screening of actin depolymerizing factor /cofilin in Tetrahymena
By Mayumi MATSUSHITA', Hiroshi ABE?, Osamu NUMATA' ('Institute of Biological Science, Tsukuba Univ., *De-
partment of Biology, Faculty of Science, Chiba Univ.)
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Studies on SAG-1 of Toxoplasma for host immune responses using transgenic mice

By Hideyuki NAGASAWA, Noboru INOUE, Seng SEYHA, Minesuke YOKOYAMA, Ikuko IGARASHI, Kozo FUJI-
SAKI, Takeshi MIKAMI, Yutaka YOYODA, Naoyoshi SUZUKI (National Research Center for Protozoan Diseases,
Obihiro University)
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Effect of Mg®* on the contractility of the glycerinated spasmoneme of Vorticella in alkaline PH regions

By Hiroshi ASAI' Tsutomu OCHIATI', Kennji HASEGAWA', and Ning CHEN? ('Waseda University and *Tianjin Uni-

versity of Light Industry)
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Effect of Steroids on Cell Division in Paramecium multimicronucleatum

By Yoshihiro Chida', Keiko OHATA??, Yasuo Tsukahara® (1GSIS, Tohoku Univ., 2IMS, Univ. of Tokyo; RIKEN, BSI;

*Future Univ.-Hakodate)
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eight representative individual granules.

Movement of cytoplasmic granules in Tetrahymena

By Yoshinori Muto (College of Medical Sciences, Gifu University)
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DNA cleavage by blepharismin and climacostol

Masayo Noda-Terazima'®, Hideo lio%, Terue Harumotol(lDept. Biol. Sci., Nara Women's Univ., 2Graduate School of

Science, Osaka City Univ., *Tokai Women's Junior College)
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Spectroscopic analysis of structure and function in blepharismin photoreceptor system.
By Yuichi Takada, Daisuke Tokumori, Giovanni Checcucci, Tatsuomi Matsuoka (Dept.Biol., Kochi Univ.)
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Structure and expression of NAP-1 gene in Paramecium caudatum.

Norihito Nishiyama', Masaki Ishida® and Kiyoshi Yamauchi® (‘Dept of Biol, School of Medicine, Fukushima Medical
University, “Dept of Physiology, School of Medicine, Mie University, and *Dept of Biol and Geos, Faculty of science,
Shizuoka University)
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Alteration of mating type substances during the mating type reversals rhythm in Paramecium multimicronucleatum.
By Taro Fukasaku and Isoji Miwa (Dept. Biol., Fac. Sci., Ibaraki Univ.)



64
P23
¢}
(Paramecium
caudatum)
(P. caudatum)
MAP
MAP
cDNA PCR
PCR
cDNA
cDNA
DNA
PCR
Gapped BLAST search
cDNA
DNA 5
20bp cDNA
ATP
MAP
MAP
MAP

34 2001

TEY
TDY
MAP 300

573

Homo sapiens STK-9  Fugu rubripes  STK-9
MAP CDK

STK-

STK-

Montini, E et al., 1998. GENOMICS 51, 427-433

Screening of new protein kinase gene in Paramecium caudatum.
By Satoru WADA, Shinji OBARA, Tsuyoshi WATANABE (Biological Institute, Tohoku University)
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Magnetic field sensitive behavior in Paramecium.

By Ryutaro TAKEDA', Kikuo SHIMIZU? Yasuo NAKAOKA' ('Biophysical Engineering, Graduate School of Engi-

neering Science, “RI Center, Osaka University)
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Simultaneous recording of calcium transient and exocytosis in Paramecium caudatum with high time-resolution

by Yoshiaki IWADATE (Faculty of Integrated Arts and Sci., The Univ. Tokushima) and Munehiro KIKUYAMA (Biol.
Lab., The Univ. the Air)
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Difference in Ciliary Control by Ca® and cAMP between species of Paramecium.
By Makoto SEKI and Munenori NOGUCHI (Dept. of Environ. Biol. and Chem., Fac. of Sci., Toyama University)
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Host-free culture of the endonuclear symbiotic bacterium Holospora obtusa.
By Masahiro FUJISHIMA and Motokazu TSUKAWAKI (Biol. Inst., Fac. Sci., Yamaguchi University)
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Possible DNA rearrangement in polyploid nucleus of dicyemid mesozoa.
By Tomoko NOTO and Hiroshi ENDOH (Dept. Biol., Fac. Sci., Kanazawa Univ.)



