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Endonuclear symbiotic bacterium Holospora obtusa reversibly changes types of sur-

face antigens expressed in the host Paramecium caudatum

Yoshimitsu NAKAMURA, Manabu HORI and Masahiro FUJIISHIMA
(Biological Institute, Faculty of Science, Yamaguchi University)

SUMMARY

The Gram-negative bacterium Holospora obtusa is an endonuclear symbiont of the ciliate Paramecium caudatum.
The surface protein with a molecular mass of about 266 kDa was extracted only from the aposymbiotic cells by salt/
ethanol treatment, but not from the symbiotic cells. Instead, two surface proteins of 188 kDa and 149 kDa were extracted
from the symbiotic cells by the same method. Indirect immunofluorescence microscopy and immunoblot with a mono-
clonal antibody raised for the 266-kDa protein showed that the antigen was present only on the surface of the aposymbi-
otic cell but not on the symbiotic cell. When H. obtusa were removed from the symbiotic cells by treatment with penicil-
lin-G-potassium, resulting aposymbiotic cells recovered the 266-kDa surface protein but lost both 188- and 149-kDa
proteins from the cell surface. These results show that the P. caudatum cell changes the surface antigen depending on the
presence or the absence of H. obtusa in the macronucleus. Although Paramecium changes types of the cell surface anti-
gen by various stresses such as temperature-shifts, ionic strength and starvation, the188 kDa and 149 kDa only by the

infection of H. obtusa.
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Stable single nucleotide polymorphism in antigen genes of Plasmodium falciparum

Kazuyuki TANABE, Naoko SAKIHAMA and Akira KANEKO
(Lab. Biol, Osaka Inst. Technol. and Tokyo Women’s Med. Univ.)

SUMMARY

Since surface antigen genes of the human malaria parasite, Plasmodium falciparum, show extensive polymorphism,
a rapid evolution of their polymorphism is presumed. However, little is known about frequency of the generation of
novel polymorphisms. We are interested in P. falciparum populations in Vanuatu, in the southwestern Pacific, where the
malaria epidemiological settings are suitable to test whether novel antigen polymorphism evolves rapidly because limited
human movement limits the parasite diversity in isolated populations. We analyzed single nucleotide polymorphisms
(SNPs) and repeat-length polymorphisms in three major surface antigens, mspl, msp2 and csp, in populations from 7
islands of Vanuatu in 1996 to 2002. We also sequenced simple repeat-length polymorphisms at three microsatellite loci,
serca second intron, TA40 and TA101. Analysis of more than one million bases revealed no de novo SNPs in the three
antigen genes in Vanuatu. In contrast, repeat length polymorphism evolved rapidly. Analysis of ‘linkage disequilibrium’
between pairs of loci revealed a spectrum of population genetic structure, suggesting that some of old antigen alleles
have persisted through meiotic recombination events after the appearance of chloroquine resistance in Vanuatu. We ar-
gue that SNPs in P. falciparum antigen genes are substantially stable in isolated populations.
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Gametogenesis in the nonphotosynthetic dinoflagellate Noctiluca scintillans

Yasuhiro FUKUDA (Div. of Biol. Sci., Grad. Sch. of Natural Sci., Kanazawa Univ.)

SUMMARY

Noctiluca scintillans is one of the organisms responsible for harmful red tides and usually reproduces by binary fis-
sion. A small fraction of cells sporadically differentiate into a form for sexual reproduction and produce zoospores. Here,
I describe the processes in zoospore formation, which is followed by gamete fusion. Initial signs of differentiation were a
change of the cell shape (from eggplant-like to spherical), accompanied by loss of the tentacle, rod organ and cytosome.
After this differentiation, the nucleus migrated towards the the cell surface, where it divided twice. Each of the resultant
four nuclei, together with some cytoplasm, protruded from the cell surface. Zoospores (gametes) were produced through
successive divisions in the protrusions (nucleus—cytoplasm complex). During the divisions of zoospore formation, the
nuclei seem to be connected to one another with a thin network of cytoplasm. Mature zoospores were biflagellate and
had a semi-spindle shape when they were released from the parental cell ghost. The released biflagellated zoospores
fused in pairs, but their subsequent fate is unknown. In the vegetative phase the cells are highly specialized, so they do
not have the typical morphology of dinoflagellates, but the zoospores maintain dinoflagellate-like characteristics. Further

study of the zoospores will shed new light on the evolution of dinoflagellates.
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Effect of Japanese Paramecium bursaria on symbiotic algae

Shin-ichiro KAMAKO, Nobutaka IMAMURA
(Sci. and Eng., Dept. Biosci. and Bioeng., Ritsumeikan Univ.)

SUMMARY

Cells of green paramecium, Paramecium bursaria, have several hundred endosymbiotic algae. To investigate inter-
actions between Paramecium bursaria and its symbiont, we attempted to measure the effect of a cell-free extract of Japa-
nese P. bursaria on the photosynthetic carbon fixation of the symbiont. A cell-free extract of P. bursaria was prepared
by filtration of P. bursaria cells on a membrane filter. Carbon fixation by the symbiotic algae and by free-living Chlor-
ella spp. in solutions of various concentrations of the extract were measured using NaH['*C]O;. The amount of carbon
fixed by all algae increased about 3-fold with increasing extract concentration. Since this phenomenon was not affected
by elimination of carbon dioxide from the extract, the existence of a host factor that stimulates algal carbon fixation
(without species specificity) is suggested. In addition, the host factor would be a heat-stable low molecular weight sub-
stance. From a comparison with pH effects on carbon fixation by the symbiotic alga and a free-living Chlorella sp., the
stimulation of algal carbon fixation seemed not to be caused by a change of intracellular pH. It appears that paramecium
regulates photosynthesis of the symbiotic alga via a specific host factor.
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Nitrogen utilization by endosymbiotic algae isolated from Paramecium bursaria

Yutaka KATO, Seiko UENO and Nobutaka IMAMURA
(Sci. and Eng., Dept. Biosci. and Bioeng., Ritsumeikan Univ.)

SUMMARY

The green ciliate, Paramecium bursaria, has several hundred endosymbiotic algae. Symbiont F36-ZK isolated from
Japanese P. bursaria F36 required some amino acids as a nitrogen source for its remarkable growth, rather than nitrate,
which is used by endosymbionts of American and European P. bursaria and most of free-living Chlorella spp. To eluci-
date this novel nitrogen utilization by F36-ZK, we studied enzymatic activity related to nitrogen assimilation and amino
acid transport. Nitrate reductase (NR) activity was not detectable in F36-ZK, indicating why F36-ZK could not utilize
nitrate. Activities of the key enzymes of ammonium assimilation, glutamine synthetase (GS) and glutamate dehydro-
genase (GDH), were also assayed. As no GS activity was detectable, it seemed likely that GDH assimilated ammonium
to yield Glu and this was utilized for algal growth. However, our previous results showed that Glu could be taken up, but
not utilized, by F36-ZK. This suggests the presence of an unknown ammonium assimilative pathway in F36-ZK. Symbi-
ont F36-ZK possesses three active amino acid uptake systems, a basic amino acid transport system (Arg and Lys), a
general amino acid transport system (Lys, His, Glu and neutral amino acids) and an alanine transport system (only Ala).

The novel character of F36-ZK may have evolved during symbiosis over a long period.
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B ROMBEOKE PRI D720 F 32T 47 A
T, FTMOT I BERVIALEHREIEDL I &
IZXVY, F—OBW%ERTREINDT I BRORE
ATV, F36-ZKDT 2 J BEMGE R DIRNT 24T - 72,

(fERLEEZE] A2 AFICHHATE 2C. kessleri, C.
vulgaris X O'NC64A TlL, HAFEEIZ X - TNR, NiR
& BITTEMEDHEFE TE 7203, F36-ZK TIINRIEMEDFR
b ootz o T, F36-ZK IENROEEFETEE
BRELTNDH, HEBEOFIHIZIRRETH 5,

F36-ZKIZ7 =7 ORI TE %, @E, 7 F
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=TI ERE & L TOGSK UHBIREE & L TDOGDH
WXV Rk En 5, MaEt Licakk e & ICGDHDIEME
IIHERR C X 7223, F36-ZKD A NGSIEMENTRD b7
Mmol, TNHORENBIE, F36-ZKO LR T
=7 AR & LT, GDHIZ L D /v I D4
55‘2753‘3%2 bhd, Ll BRIZZ v I ERITED
REND HOOAEFIIIFAATE RN L &R L
TEY, F36-ZKOT =7 FULAHREIC, GS&
GDHUIA DB DIFTE R STz,
F36-ZKI37 v E=T mEHRR L LI2HE, R
EERENBNE, T MEERRL T D LEE
WA B D, TRV BORY AL ERE LI &
A, Aspuﬂmﬁiorf I BABEFICRY AL
2o —MOEEIX, MBAERRBE LTHHALTE
0. TR EEERERITREL Tt S, REL T
VHF36-ZKD T X/ R R A TS TR R
amino acid transport system(Arg, Lys % ik 3 2 %),
general amino acid transport system (Lys, His, Glu, H"%:
7 X/ BkE 6T HR). alanine transport system@D3-D
DT I BEERPEICHEASNATOLIRETHS
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Effects of host termite colony size on the symbiotic protist fauna.

Mariko GONDA and Osamu KITADE, (Faculty of Science, Ibaraki University)

SUMMARY

The symbiotic flagellate community of a termite is characterized by host-specific species composition, definite
boundary, and clear community structure created by social system of host termite. To investigate the effects of meta-
community size on the symbiotic flagellate community, we set up experimental termite colonies of Reticulitermes spera-
tus composed of five, 25, 100 and 300 workers with seven replicates. The colonies were kept in an incubator at 22°C,
and on the day 60 and 90 we picked up five termite individuals from each experimental colony and investigated the num-
bers of each flagellate species. We also investigated the flagellate numbers of the original field colony. Fifteen flagellate
species were found from the field colony with nearly 100% infection rates. The total numbers of flagellates were signifi-
cantly smaller in five-termites colonies than in the field colony, but slightly larger in 25- and 100-termites colonies. In
the three Trichomonad species with small individual numbers in the community, infection rates and population sizes of
the flagellates clearly decreased as the meta-community size decreased. However, some flagellate species of large popu-
lation sizes did not follow these trends. The diversity of the flagellate community, measured by species number and
Shannon-Wiener index, tended to decrease as the size of meta-community decreased.
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[B®] T u7VeXidhs a7 U EII%EN
AR ROFELRA L, HAEFEROL ST
NTG—=BRemT Y OFE LIMOSRICEERK
BzR-LTWbHZ ERMbN5, HiT I BEE
mE, NVaEF2B, AT S AAKEL, £
OFEMEIZ 7 Y ORI R TH S, a7l
Db OMEBREEIL, TORERABHETHY ., »o
a7 ) ok ae=—0RNIC ko THEELE
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HliltoTan=—2RIAIHETHDLLEEZD
ZEWTEL, T a7 ) o R g
REfEZIT, EFEOMAEEEEIEL TRDHZ & T,
AABEDOT A XOEDDEE I RITTREE T
L2 ENARTH D, RFETIEY~ hvrT Y
Reticulitermes speratus & & OIEAEMIE HEEE A VT
ZNEFNTZ,

(B & FE] BIRRO BRIz T, ¥~ b
a7V EBRLTWAIMERIERELL, 20D
au=—OF 5 EREZ SR L, STEA, 25 4,
100fE L, 300D T — D —nblip b EHhan =—
EENENI4TOER L, 9 BT =—F60H
M., Yo7 =—390BMOHEZ{To7, vA
7V OFRFIEARE K TE SR E BV AT
o — L — 2 (5x6x2.5cm’) PN T22°C, £iF D%t
TiTo7, fEE L TCHRORBREEH~ Y b (7 X
M) &5z,

Rl B IS T I & SR = 1 = — 7 b SRR O Mkl
ZIEQ, HEROM D & ICEAKEZRE L, Mk
BERRE o 12151240 1 100.4% A HEK TR L
T, NEWZERE L, WERGERZ2 AV Ty T
PEMEE T CREHSOREE, REEEOHEE 1T
7o HlZE D[R E 1ZKoidzumi (1921). Kitade (1993)IC
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[#ER LER] B4b oo =— CIEEHSHEDFA LY
WM & 27z, Pyrsonympha grandis & Pyrsonympha
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FhH (752-167) . P U aEF AH (97-69) T
Bbolz, FHORMEREI86373 M TH > 7z,
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FEITWEROMIC LY | HEEEKOBAIZE B
720 CHEHMICEAT 2 b Dh b, 25 - 100fE{KX T
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P<0.05) , F 7-Shannon-Wiener ® ZkEE FeHH" |
60 H & B O%-E I RBRICIE EEER OB IZ & b
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Phylogenetic analysis, based on the SS rDNA gene, of Parentodinium
living in the fore-stomach of Hippopotamus

Yutaka MIYAZAKI', Kazunori IKE', Tatsushi MORITA', Akira ITO® Soichi IMAI' and Wouter van
HOVEN? ('Dept. Parasitol., Nippon Vet. and Ani. Sci. Univ., *Ookusa Ani. Hosp., *Centre Wildl.
Manage., Univ. Pretoria)

SUMMARY

It is well known that numbers of ciliate species belonging to the Subclass Trichostomatia live in the digestive tract of
large herbivores. Phylogenic relationships of rumen ciliates, including the families Ophryoscoleciidae and Isotrichidae,
have been inferred by comparison of DNA sequences of small subunit ribosomal RNA region (SSrDNA). But a com-
parative study on molecular phylogenetic relationships of the ciliates living in the fore-stomach of hippopotamus, Hippo-
potamus amphibius, has never been done. Furthermore, our previous morphological studies suggested that these Parento-
dinium ciliates do not belong in the family Cycloposthiidae in which the genus has been included. To determine the phy-
logenetic position of the genus Parentodinium more clearly, we examined, for the first time, the SSTDNA of Parentodin-
ium and Cycloposthium ciliates and compared these sequences with those of the other Trichostomatia ciliates. Using
Distance Matrix, Maximum Parsimony and Maximum Likelihood methods, all the results indicated that Parentodinium
did not belong in any described families of the Subclass Trichostomatia, although the Cycloposthiidae had a close rela-
tionship to the Ophryoscoleciidae as a monophyletic clade. This result indicates the need to establish a new family, Par-
entodiniidae, in the Subclass Trichostomatia.

(B HEBWTHLIVAORTENICAERET S 58 BLURAKEANTEHEI ATV YRV ELNE

6 E@%ﬁ%$ DHC, Parentodinium JEHETE B, H¥
Y@ IEAR 2 W2 T RE AR AIC £ > T 4
fE%ZI R 0 298 &4 C & 7= Cycloposthiidae BHZ 118
ST, ABEMERE XA TR ETHHRZH LT
ZHREMED R ST, Lo L) b, JEREFIIE
WO IHIND DTN EICET 2B 8%, HRE
LS THERETIHEIRY BHD EREZNEE
Z%ZYLZD T, M ERT 2 BEORY 2R3
e WE R TELS & O T R RIRAT &2 . Parento-
dinium J& & BEENOWALE NS B & O TITWV, K
JBAEE B OB T ERINL B DV TR L7z

[(#HEAZE] MEE LT, 90-100% (viv) DT X
J—I)VTCREESN, M7 7 U B AEFnEoO B AL S
K V15537 Parentodinium JEETE B 3,000 fEA,

Cycloposthium JEFKTE L £ 1,500 {E{AEZ B L, A
L7=. DNA OfliH#. PCR (21X Small subunit
ribosomal RNA % 21— K9~ 2 fEIk D Hd ] (SSIDNA) %
H9ME &% 72 Universal SSIRNA primer® 00— % Hit
DHLZEbDET I ~—L LTHEHL, —Fr
At BAIERE LI, 20k, SREELN 2 fE
D FRRFHIMLENS DV T, KB OHLE NRE
E 12 fR KON FMEE LT Didinium nasutum % {38
. RIRERIEENT B AT o 72, FRATIC ST DI LD
/)'7'J0)77/1’)‘ > M2 Clustal W* %, SRfaHeE 7L
= J N iﬂﬁ%ﬁﬁﬁ' B KA, kA E
I RSk A E MR EE LT Y — MR b

7 ~/7/£4 % 1,000 [FIf§ 0 392 & TR L7z,

(#5232 & E2] SSIDNA & AW 7= RFATORER, 2
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TORMHEET VT Y X AIZEBWT, Parentodinium
J&1X. Isotrichidae Bt T& % Dasytricha ruminantium &
iR BAfR A L Wiz, REFIREICE L T,

Parentodinium J&X Dasytricha J& & BIEE OFLE NN
JE T % SR Ophryoscoleciidae B 23H T 5 L 9 725
BEVAHEEZA SRWE O 2 55 ERE L TALT
W5, L22LRR 6 6 ORE TR,

SSrDNA Bc #1234 fi#B > Buetscheliidae <> Blepharo-
corythidae Ft& | FIFEIZE L CIIALEEE OALE DR E
BRRBIOGEVIEEZH I RWET, BEH LTS
JEWINE A2 S 720 (Strelkow 1939) T LT
%. F7c. Parentodinium J& & Dasytricha J& D5y .
(2R DRI EE I, FREETTSIE TIE 58—62%
& 50% UL EOEEZRTA, BRERECR LTI
FNER 43%, 32% LIRVMETH D | Z D5l A
FRALT D ATREMEME VN Z & 2RI LTV, E 2,

Parentodinium J& % Dasytricha B)>672% 7 LA RO
Sy RO TR EIE, &2 TOHET 50% LLF &
BfEZ R L7z, 2, KOG DSRAL S 2 A REME
PERNZ LERT LD TH o7z, o T, ARAIC
£ D38 X 1%, Parentodinium J&. Dasytricha J&.

Isotricha J&¥ 3O} Cycloposthiidae £} & Ophryoscolecii-
dae F}0>5 72 % Entodiniomorpha H 2% 1 DD 43 s>
LRETLZRY FI—ZBRTDLHEOTHY,

SSIDNA B 233 TITH & 2N STV D IHLE N
M5B B & ORI IWNT Parentodinium J&7HS Dasytricha
BLRLEBRTHDLZLERBETHHDOTIERNE

Ez b, 5%, Parentodinium JERETE B O RFE
MINLE %2 B B 2N T 5 72 90121E, Bl @ Buetchelii-
dae F}<° Blepharocorythidae = > SSIDNA Fi 51|
EHONIT L, RHEE S OVERR & 1T 5 B
bHrHbDOEZEZLND.

AFHERE B (X Parentodinium J&? Trichostomatia Hf
M 38 2 B2 RA P EE 2 7~ H DT
X772 o3, D7 < &Y Parentodinium JED 2V E
TILE DN T X 972 Cycloposthiidae FHI I3 &
T S HICEREMIZEELL L TV 5 Ophryoscoleciidae
BHIBT 22 bBETLHHDOTHY ., Kgx ¥
ATBETIHBBRLOMEM.EZHEANTHEDT
HoT.
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Effect of aphidicolin on the excystation and metacystic development

of Entamoeba invadens

Asao MAKIOKA', Masahiro KUMAGALI', Seiki KOBAYASHI” and Tsutomu TAKEUCHI®
('Department of Tropical Medicine, Jikei University School of Medicine, *Department of Tropical
Medicine and Parasitology, Keio University School of Medicine)

SUMMARY

The effect of aphidicolin, a specific inhibitor of the replicative DNA polymerases, on the excystation and metacystic
development of Entamoeba invadens was examined. The protein profile of metacystic amoebae and their immunogenic-
ity in the presence and absence of aphidicolin were also examined by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis and immunoblotting. Excystation, which was assessed by counting the number of metacystic amoebae after the
induction of excystation, was inhibited by aphidicolin in a concentration-dependent manner during incubation compared
to the controls. Metacystic development, when determined by the number of nuclei in amoeba, was also inhibited by
aphidicolin, because the percentage of 4-nucleate amoebae in cultures with aphidicolin during incubation was higher than
that in cultures without the drug. The addition of aphidicolin to cultures at day 1 of incubation reduced the number of
metacystic amoebae thereafter compared to cultures without the drug. The inhibitory effect of aphidicolin on excystation
and metacystic development was reversed by removal of the drug. Cellular proteins of metacystic amoebae with 4 nuclei,
which were predominant even at day 3 in the cultures with aphidicolin, reacted strongly with rabbit anticyst serum ab-
sorbed with trophozoite proteins. In contrast, those of metacystic amoebae with 1 nucleus, which were predominant at
day 3 in cultures without aphidicolin, no longer reacted with the absorbed anticyst serum, suggesting change in the ex-
pression of proteins during metacystic development.

(B8] Entamoeba DR L OWEEL1=ZT A — D
FHBTEGORILIZ &> THHDOBRETH Y, ZD
FEAE ORI IR YT B, BT BRI BH 76 DA & sk
T5H9XTEETHD, BxlTInNEFTCIoOHHED
RIAD - HFE 2 OREARZAVCTHR LT, 4
ENIDNARY A —CHEFEANT 747 42U D%
REFRRD L L HIZ, ZORBORERO hEHEAR
BEAOELBLOZNICHT BT 74742 D
I HOWTHSDS-PAGE/A L/ T vT 4 TIZ
KV~

(#M# & AE] E invadens =T % E 1 EARIRICE L
SHMRET D& ICEVETES, ZOHETEX
BRRRIRICR T ZEICK O MEELFE LT, %0)
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baeld 0.05% sarkosyl#LE TlysateZ#FHH L, Zh %
SDS-PAGEIZ V=, A A/ T myT 4 v ZI3Hisk
BTG, PUgE 7 Mg L OSRBERHUR ClRIR L 72
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R 1 HBICMATSE LT A— "B OEEBEIAH TRBAOZEHDD LEOT A —N2X
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NRIZAFTH -7z, KB, BIIXTD 7 4T 4 2 ) iNEntamoebaDLEER X OB E #[LE

FHUMIE 72 & QN KB HHUR CTHIL Lt%%#m{ﬁ L., ZRIC XV BETFHREOLZLLHET L2 &0

HWA LT ey T 4 IR IR E Ry RIBE T,

BOBAETRIFER, 774074 2 VFEFRT
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Occurrence of Cryptosporidium spp. among reptile hosts

Toshiro KUROKI', Shinji IZUMIYAMA? Kenji YAGITA? Yumi UNE?®, Michihisa TORIBA®*, and
Takuro ENDO? ('Dept. of Microbiol., Kanagawa Inst. of Public Health, *Dept. of Parasitol., Natl. Inst.
of Infect. Dis., *Lab. of Vet. Pathol., School of Vet. Med., Azabu Univ., “The Japan Snake Inst.)

SUMMARY

Waterborne transmission of Cryptosporidium is one of the most prominent public health concerns in drinking-water
safety, since the oocysts are highly resistant to chlorine disinfection. In 2001, high levels of cryptosporidial oocysts were
detected in a community water treatment plant in western part of Japan, where well water was supplied to the consumers
without filtration. Studies by PCR and sequencing revealed that the isolate is identified as the W11 genotype, suggesting
the wild reptile(s) to be the source of contamination. This study aimed at obtaining the prevalence of cryptosporidial
infection among reptiles in Japan, which might again be microbial contaminants of drinking-water. A total of 598 stool
samples from wild reptiles, including snakes, lizards and tortoises, and 524 samples from captive bred reptiles, mostly
exotics, were examined occurrence of Cryptosporidium by means of sedimentation method followed by fluorescent anti-
body staining. Only one domestic wild lizard was positive for Cryptosporidium, whereas 45 bred reptiles were positive.
Until now 14 isolates were genotyped and obtained 4 distinct species/genotypes; C. serpentis (1), C. saurophilum (9), C.
parvum bovine genotype (3) and C. andersoni (1), though the latter 2 might have originated from the food fed that had
transiently been shed into feces.

[B®] Cryptosporidium |33 ﬁﬁ'ﬁli’i’ﬁb KEIHN AJFELTHAL, AB0AHEZR L OEEHEFHEDOAT
5 um FREE &N E < KB CIIsE 2RI R T e & fa7kbfb\f_;t7b>6 =T A MR DIFKRD
2B, KEE UIZERBENEC 28N RH VM (55T EAROIEYRICER Uz, [BYIROERE B
Lo TWD, FRIEIL, HEMEKEICEY L LTAH—TV A b@da%ﬁ”%u%%ﬁ’@bf:ﬁ% e
C Cryptosporidium!Z X 5 1542 B 03584 L, FaKIE E*EEEEEE#KEEW’L BLAIW118 & 100% —E Lz,
WCE-720, ML s -MiGKETIHAFFAKE  ZHICEEL T, HlkERICEE IR bNkio
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Too FH T OUEYITEDICBEE T 2 TC B EEN 1 sk
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IHNETENORBIEL V54— 2 FOlt
T RIBIEAT > 245 R, C. serpentis DELHIH 1FELH>
. C saurophilum DELHIBNORELNHHE BT, £
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Molecular cloning and characterization of a protein geranylgeranyltransferase
type I from Entamoeba histolytica

Masahiro KUMAGAI', Asao MAKIOKA', Tsutomu TAKEUCHI* and Tomoyoshi NOZAKI**
(‘Dept. Trop. Med., Jikei Univ. Sch. Med., “Dept. Trop. Med. Parasitol., Keio Univ. Sch. Med., *Natl.
Inst. Infect. Dis. “PRESTO, JST)

SUMMARY

Protein prenylation is essential for the Ras superfamily small G proteins to function. Protein prenylation includes
protein farnesylation and protein geranylgeranylation, which are catalyzed by protein farnesyltransferase (FT), protein
geranylgeranyltransferases type I (GGT-I) and type II. FT and GGT-I have attracted attention as an anti-cancer agent,
and attempts have been made to use the enzymes as a target of anti-protozoan chemotherapy. Following the study on FT
of Entamoeba histolytica (Eh), we characterized EAGGT-1. The o subunit of EAGGT-I was shared with FT. The 3 sub-
unit of EAGGT-I had 337 amino acids, and showed 22 to 28% identities to those of other organisms. The recombinant
EhGGT-I, expressed by Escherichia coli, was a complex of 38 kD and 35 kD proteins. The rabbit anti-EAGGT-I serum
did not reacted with rat GGT-I, showing difference in antigenicity. Rat GGT-I geranylgeranylates human mutant H-Ras-
CVLL, but does not H-Ras-CVLS. EhGGT-I, however, geranylgeranylated both substrates. In mammals, Ras proteins
are farnesylated by FT, and Rac proteins are geranylgeranylated by GGT-I. In contrast, EAGGT-I geranylgeranylated
Ras proteins as well as Rac proteins. To inhibitors for mammalian GGT-I, EAGGT-I was much more resistant than rat
GGT-I. In conclusion, EAGGT-I was significantly different from mammalian GGT-I in substrate specificity and sensi-

tivity to the inhibitors, and thus EAGGT-I would become a possible chemotherapeutic target of amoebiasis.

[B#] Ras A— =7 7 I U —DEy T/ G ¥ 8
7 BITHRAND G AA v F & LT, MlaoEsE,

b, AR PN/ IREREE ORIENICBE S LT\, Z
DK X7 B ORI &~ DRSS 8 X U
RERBLCIZ, 7 L=k & Ki3h 5 FaR kR & i
NUETH D, 7L =EIZiT 7 7 VR VIV E DR
BEINDTZ 7 NNRIMMLET T =TT = VDR
BENDFIT=ATFT =N, ThEhT 7
NFRUNVEERREESR (FT), 77 =5 T = VB RESR
A3 L O A (GGT-1, GGT-IN) I L v it s 5,

INLOMHRIZaB LU Va=y bbb 2 &
RC, FT & GGT-1 o7 2=y MNIF—Th 5,

Ras B X Rho/Rac 7 7 2 UV —DIKS 7+ 8 G ¥ X
JBITFD CRIZ CaaX EF—7 (CIIVATA >,

a (FIEMHIET 2 /B, X X607 ) 21
H, ZDVATFA N T L=V ERFES T S, Ras
T7 IV =TI XIZEELLTS, M, Q CFTIZk»

T7 72 MbERN, Rho/Rac 7 7 2 U —Tlk X
IZ L. F T GGT-1 2k »THIF=AFF= ks
%, —Ji. GGT-II IZ Rab (CC £721% CXC £F—7)
IZRRRIICVER T 5, T2 IZTRHT A —2 (Eh) O
FE L ic B AR 7 & LT, E, bRk
DOIEH)S T & LT, 7L = M LEER OfRNT 54T - C
BV, ST, FT @ 1 &k L ORI 2 BER OPRR
IZOWTHRE Lz, AEIT Eh @ GGT-I1 {2V T
B L7z,

(M ERZE] Eh O 57 b T—F =20 LA
MF&IZ LY ERGGT-1 O N K & C RKimDElH % 7>
7. PCR 74 <w—% &3 L, cDNA 7477V —
TN LTI a—=r T BT o0,

ERGGT-1 1%, BILTF T A I REMER L TRIGHEICE
BERE, MLl 2FVr - 272 AN TR L
Too BERIEMIIEDFB& G XLV H~0 PH) 75



22 JRAENY RS B 38k 15

ST T= e vr ) VEBBORY AT L o THIE
L7, BEREIZOWTIE, Ea OREORERIF
ET CTOBRIEEDOERTHRND 1Cs 2Rk, T
FEBIEIZ X AR HHHE ClustalW & TreeView %
THERR L7z,

HEREER] GGT-IDaY 7=y MM FT LHET
» %, EWGGT-1 OpY7 2=~ ME, 337 7 /@,
L7, MEEEME 22 D 28% DFEIFEMEN H -
7o RHMRMT AT 5728 2 A, ERGGT-1 DY 7 =
=y MIhFEEHO L O L ITEEN TR Y, ME O
b LzboltEXbNTE, KF#EHICRRIE-HM
Haz Z o 7 BIE, 38kD & 35kD DA E LTk
B, UYXE0E L TEZH EAGGT-T fifix
ERGGT-1 &t L7223, 7 v b GGT-1 & IFXIGH
T PUREISGEVW SR b, 7 b GGT-I 23k
b D25 HA H-Ras-CVLL % #E & L, H-Ras-CVLS %
HE L LAWK L, ERGGT-1 XM 5 &8 L L
7-o WHFLE T, Ras Z V27V EIX FTIZL»To 7

2005 4F

AR UEEN, GGT-1 Ik~ THTI=1F T =1
fban b oizxt L, ERGGT-I 1%, EhRacA-CLLF <
EhRacG-CSLF @ X 9 7¢ Rac @ #7259, EhRasl-
CIMF X° EhRas2-CELL @ X 5 7¢ Ras & b7 T =)V 7
7=k Lz, Wigl¥a o GGT-1 BEANICK LT,
EhGGT-1137 v b GGT-11ZHb~_T 8 225 500 {5k
HThoTz,

P bEDzZ &6, Eh O GGT-T 1%, R H BN & H
EFN T DR LI O GGT-1 L& L < #
RoTWDLIZERHLNERY EMOSEREL W
IR DEBRENDO 2 53, PLT A — /KON
& L COmHREMEINRIR S T,
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1) Zhang F.L. and Casey P.J.(1996) Annu. Rev. Biochem.,
65:241-269.

2) Kumagai, M., Makioka, A., Takeuchi T. and Nozaki T.
(2004) J. Biol. Chem., 279: 2316-2323.
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Phylogenetic position of Radiolaria based on 18S rDNAs sequences

Tomoko YUASA', Osamu TAKAHASHI?, Shigeki MAYAMA?®, Daisuke HONDA®,
Atsushi MAYSUOKA® and Kjell R. BIORKLUND®
('Div. Math.Natural Sci. Edu., Grad. Sch. of Edu., Tokyo Gakugei Univ., *Dept. Astro. and Earth
Sci.,Tokyo Gakugei Univ., *Dept. Biology, Tokyo Gakugei Univ.,"Dept. Biology, Fac. Sci. and Engi-
neering, Konan Univ.,’Dept. Geology , Fac. Sci., Niigata Univ.,’Paleont. Musium, Oslo Univ.)

SUMMARY

‘Radiolaria’ (classes Acantharea, Polycystinea, and Phaeodarea) are planktonic protists widely distributed in tropical,
subtropical, and even polar marine environments. Some recent studies based on 18S rDNA sequences have reported that
the Polycystinea and the Acantharea form a monophyletic group, but the Phaeodarea branch with the phylum Cercozoa,
separately from the Polycystinea and the Acantharea (Polet et al., 2004). Here we show the phylogenetic relationships of
‘Radiolaria’, using the 18S rDNA regions of the solitary shell-bearing polycystines and phaecodarians. Their molecular
analyses have never been reported. Phylogenetic analyses of our sequences indicate that the Polycystinea and the Acan-
tharea are monophyletic, and the Phacodarea diverge with the phylum Cercozoa as already suggested by Polet et al.



Jpn. J. Protozool. Vol. 38, No. 1. (2005) 23

(2004). Furthermore, the Polycystinea were shown to be a paraphyletic group in the ‘Radiolaria’. These conclusions are

not consistent with the current taxonomy of ‘Radiolaria’, and lead us to consider that the collosphaerid, sphaerozoid, and

thalassicollid spumellarians and the pterocorycid nassellarians may have evolved from an ancestor with triradiate

branched spicules.

[BH 8] <k (Acanthareafffl, Polycystinea i,
Phaeodareaffl) 1%, ¥ELEICER 9 D EEEMEFAEAY T
Ho. ThHORMEMRIE, ZiE TRICB AR
MR D, b5 EREFERICHT S it a o
FERICE S CEm SN T 72A (eg, Anderson,
1983) , T4, 18S rDNAREIE A AU 7o RT3 1
OB, BT OHE TliXAcanthareafii] & Polycystineafi
DEEREZ A L, Phaeodareaffli%CercozoalN C Hi %
WA Z R ENTWD (Polet et al., 2004) .
L7 L, Polycystineaifl & Phaeodareaffil ™ K5y % 5
D AHEREREOTIIRISMIT SN TE ST, A
FTIE, ZOFBRHEAMERO18S iDNARELZ V%
WRfRHT 2 R ATz

(M & AHZE] 4 BIA V= Dictyocoryne truncatum, D.

profunda, Spongaster  tetras, Euchitonia  elegans,

Triastrum  aurivillii, Dicranastrum furcartum @ 6 fi
i, Spumellarida H) , Eucyrtidium
hexagonatum, Pterocorys zancleus ?2FE (Polycystinea
#M, Nassellarida H) , 3 X O Protocystis  xiphodon
(Phacodarea #) 1L ¥ # UL W & & I & T,

Conchellium capsula (Phacodareaffl) 133575 A2 B
& C, Challengeron diodon (Phaeodareaffil) 1% ./ /L
Tx—DY T UENT 4 LR TRESNTZHDT
o, TNENMEAGOLZHEEL, £ELTWD
AEMRMYBRE, PCR, 7 u—=r7, & L CHHLHE
BIfENT ZAT o T2, Z D%, 22507 —4 & M (57f
B LU 2V, NJE, MPiE, MLIEIC L - T
KB EREL, S5, 29T —% &Y MZow

CIXKH test& SH testiZ & » THEZ{T>7-.

(Polycystinea

(fERELEE] BEAEMN TORBRORBESREH
X757 T — % & v b TIUE, Polycystinea fifl I3
Acanthareaffil & B3R #E 4 AL L, Phaeodareaff |3 Polet

et al. (2004)DF#EF: & [AIFRIZ, Cercozoall )BT HfE & &
HIZH R AR L7=. Phaeodareafil (Z- >\ T,
WETOHWEOERSHDOEN R FEH 2 L,
CercozoalZJR T 2 F & DHEUMEN AN D Z &

(Polet et al., 2004) , F7-, PolycystineafiliZ-2>\ T
1%, Acanthareaffil 7% & [F] 70 D SrSO, % & TeiliE £ 1
o B ERHAEREFFOZ L7 Y, Acanthareafii
& OFERMERFER STV D (Anderson, 1983) .

—J7. Polycystineaffl & Acanthareaffi] D 3%t BA 6% 2 7

R 729 fE 7 — ¥ & » b T, Polycystinea ffi
Spumellarida H O #f & P & M52 HARPERE (LA C <
Polycystineafil > Nassellarida H &, Spumellarida H @ 9
H O RREARMEFRE X Acanthareaffl & TN ENH R &
JERK L7z, KH test}s L USH testw VT Z O R %
BE L, GERRBEZMEL THD L, (1) Spumel-
larida B O FEAME & 525 HRPE 3 1 UNassellarida B
(2) Spumellarida H O A kB4, (3) Acanthareaifi D
D B3O I L—RIZH T bbb 2 ERERS
Nic. ZOFRRIZONVT S, sEREEICEN TR
BT AEARFEE R Z ENTED. HRMEB X
OV 3 B AR PEAE 0 Spumellarida B 1% = SR o5 & % #
B HNIZEE > TV DR, 20 ZXRoFEHIT
Nassellarida H O B E ARG ICHEL L TWD. F
7. Spumellarida H @ & 5% B K % O B K 1%,
Acanthareaffil O &R OB EFELILTWDS. 2
DFERERFHUOFLIMEE, 18S IDNAIZ L > TR &R
% Polycystineafil (Spumellarida H) OHIXAHE D BIfR %
XL T HbDEEZD.
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1) Anderson, O. R. (1983) Radiolaria, Springer-Verlag,
New York.

2) Polet, S., Berney, C., Fahrni, J., and Pawlowski, J.
(2004) Protist, 155, 53-63.
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Amino acid sequence analysis on Naegleria fowleri proteins separated by 2D-PAGE

Mako OMURA, Kenji YAGITA, Shinji IZUMIYAMA, Rieko SHIMOGAWARA and Takuro ENDO
(Dept Parasitol., NIID, Japan)

SUMMARY

We have established and released partially on a website as database of 2D-PAGE map of Naegleria fowleri total
proteins obtained by a combination of 2D-PAGE image analysis with direct N-terminal amino acid analysis. Until now,
N-terminal sequences of 38 proteins out of 59 major proteins spots examined have been successfully determined. Fur-
ther, internal sequences of 11 and 24 proteins have, then, been analyzed along either with Cleveland peptide mapping or
with EST-IT tandem MS followed by similarity search for known proteins against NCBInr database using Mascot search
engine, and 3 and 4 proteins were identified with high confidence as cyclophilin, nucleoside diphosphate kinase and
isocitrate dehydrogenase [NADP], and MP2CLS5, N.fowleri HSP70, albumin and actin , respectively. In addition, MS/MS
spectra have been de novo sequenced by means of PEAKS Studio v2.4 and revealed many peptide candidates from each
of 24 spots. The methods reported in the present experiments showed an ultimate advantage for the identification of the
proteins from the internal sequences of protein spots especially of which N-terminal are blocked like many of those of

N.fowleri. The 2D-PAGE database will be updated spot by spot without delay for public access.

[B#] AR TITIR VR 2 8O Naegleria fowleri
L IEIRIEME DN, lovaniensis D2 7% 7 EF T DU
T. 2D-PAGEIZ X %l 21T - T & 72(1,2,3), 2fE*%
NENDARy bXE— U ORBBREA Lz &
T. N. fowleri® 1Kk D 2D-PAGE 7 /L 7> &5, Tl fF H 1Y
B D WERER @ e R A R0 2 X B A BT
EDHEHThoTe, ZONRED LITAR Y FOfF
e, BonEREKET DD, N fowl-
eri2D-PAGET — #Z R— 2 M 1=, TaF 43I
A D E R TH HMALDI-TOF MS % V7= Peptide mass
fingerprinting (PMF) V537 — 4 _X—2Z2DFEFL T\
72\ Naegleria J&E7 A —/SOEHTIZIIARME TH D72
O, TIVETIENEKG T X BBESIENT 20 L
T ARy MENT 21T > CTE =0, PRSI OWT
LT T D LER D oo, ST T —F RX— A F#R
DOIEFEE BT, K0 @R YT < BBELSIEAT
W LT, 7V =T F REZLDXTF Rvo b
T & RRIELAIEAT IS L2 (4), & BT XL 0 iRaH
IRfiBTE & L CLC-MS/MSHEHT 21TV . MS/MST —
% Mde novo Sequencing % XA 7,

(M &EHE] N fowleriNfoobEN DR Z L /37 G %4

H L., RICHIZpH3-10, 18mA EE Y AN »
7" (Amersham biosciencesf:) . 2%kt B 1%12.5% %7 /v
% IV C2D-PAGE%# 1T > 7=, 2D-PAGEf4CBBY:fa L
TN EGRESE%, 7 —T7 T Rkl k A
TF Ry T ETol, BOAR Y &G
Hi L. M6~ /L O & & 5cm & L 72 SDS-PAGE 7 /L
20%)D v = LI A X, Tris-SDS 4% i i (125mM
Tris-HCI (pH6.8), 0.1% SDS, 10% Glycerol, 5% 2-
ME) &Mz CHNVFEE L7z, S aureus V8 prote-
ase & VAfE L 7= Tris-SDSFEMER (125 mM Tris-HCl(pH
6.8), 0.1% SDS, 5% Glycerol) 47 = VIZHEE L THE
SUKE BB LT, BB O N RNERE AL O T i
IR Sz & 2 AT 1Rk E 2 E 1k LT oo
B O BERSREAT ST, £ O®%IKE % FHR
L., & TH#ICPVDFEIZ7 2y b L, BFbNE_TF
KDY RE%MY— 27 = % —(Procise cLC494
(Applied Biosystemst1)) CHEHT L 72, LC-MS/MSFHEAT
TIE2D-PAGE#Z AR v M&EID L, TrypsiniZ £ %
ZOVNEE DO, K &30k E L7z, HPLCHIC
MAGIC2002 (Michrom BioResourcestt) . B & #r
HRIZIXLCQ-Deca XP (ESI-IT MS (Thermo Electron
) W=, B5N7EMS/MST — ¥ (IMascot 7 1
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77 L& HWVTNCBInry —# X—2 LG LT,
MS/MST — 4 @ de novo Sequencing |Z/XPEAKS Stu-
dio v2.4 (infocom ) % fv 7=,

(MEREEE] NKMT e v 7 HDWVIENEKRT 2/
BRI CIXRIMD AR v MZOWT, HE7T 2 /%
BlBIfRNT 2 R TR R, v —7 = v v TalfEle
TF R1IEZE, ZTORNMEO ARy MIHFREMERZE
WWEVRIETE T, 7 V=75 RIEIZ L BN T
1% 72729 100 pmol LA EZFL L, L7zh > T

novo SequencingZ 17V, 1§ & M7 EL S 73 Mascot B —
TFORRE L —H LIz L 2R L, IHITK
HDAKR Y b H b ZIENED P HESIE &%
572, MS/MSF#HTIC X % de novo Sequencing TIX'E
BTRANTERWT I VBT F R —MEE
oD, Bl RPN ERAET 2R E L H
20, Naegleria® £ O \ZRAD K X7 EREZ R
BHZOWTEENHT 21T 5 5E 13, HaoRsIEHR%
155 2 &3 TE ZMS/MSHENT &2 LD D DA%
BrLEohi,

BEID2D-PAGEZF VN LEE L I B8, BB S
72 Naeglerial I ILBERO % X7 B R LT W &
o, T I BEECSIRENT &2 S RH9IZAT 5 LT
V=77 RIEZAEDCTHD LB 2T, MS/MSHENT
T 1224 D AR > - O NAE H3Mascot T —F 12 &
DIRIECE Tz, FFETEIMSMST —# T de
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1) Omura, M. et al. (2002) Jpn. J.Protozool., 35: 33-33.
2) Omura, M. et al. (2003) Jpn. J.Protozool., 36: 22-23.
3) Omura, M. et al. (2004) Jpn. J.Protozool., 37: 91-93.
4) Woo, SH. et al. (2002) Electrophoresis, 23: 647-654.
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Characterization of the 60 kDa microtubule-associated protein
from Tetrahymena pyriformis

Takanori MATUT', Kiyotaka TOKURAKU?, Yuka SHIMAZAKI', Susumu KOTANT®
(‘Dep. of Biochim. Engineering and Sci., Fac. of Comp. Sci. and Sys. Engineering, Kyushu Inst. of
Tech., “Dep. of Chemical Sci. and Engineering, Miyakonojo Natl. College of Tech., *Dep. of Biol.

Sci., Fac. of Sci., Kanagawa Univ.)

SUMMARY

In preparing the microtubule-associated proteins (MAPs) of Tetrahymena pyriformis, we identified three polypep-
tides, with apparent molecular masses of 90 kDa, 60 kDa, and 37 kDa, that co-sedimented with taxol-stabilized mammal-
ian microtubules. The 60 kDa MAP was heat-stable. Using this characteristic, the protein was purified to homogeneity,
and was further characterized biochemically. Partial amino acid sequences of the 60 kDa MAP were homologous to
those of Xenopus XMAP215. The 60 kDa MAP enhanced both the initial rate and the plateau level of mammalian tubulin
polymerization, in a concentration-dependent manner. Electron microscope observations showed that the assembled
structures were normal microtubules. The 60 kDa MAP existed abundantly in the soluble fraction, rather than the mem-
branous one, as revealed by a partial cell fractionation. Immunofluorescence microscope observations using anti-60 kDa
MAP antibody also revealed that the 60 kDa MAP existed in the cytoplasm. The 60 kDa MAP appeared as particles,
suggesting that the 60 kDa MAP was associated with granules or vesicles. The cellular 60 kDa MAPs were mostly co-



26

60kDa MAP
XMAP215
ch-T0G
Msps
72yg-9
Mor1
DdCP224

60kDa MAP
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(1364) [EISIEIGARREANONEYED (1392)
(QEEDDIME G TK SKNSKQRAECLEELGCLVESYGMNEQERIE))
(QEIEDRME GIK SKNRORGECLEE LIIGLEE SY GMNEQRERD)
( 774) LDALSISIARNISEMEL VIEYYITNARTS  (802)
(1298) LEYLRYGINRTHI(EMTOL IEYALETCETE (1326)
(1258) TNEQIKQIF[ESIQQMEFACLPNVLFRFA (1286)

APIIKIEVEEK

XMAP215

(1455) [GEMIHQAAIEIAORERLORVISAN— (1481)
ch-T0G (1421) KREEKR*PSAAPIKQVEEKPQRA NISSN (1448)
A

Msps (1403) [GEIKYTKKPTPEP SVDVPANNHORTETE (1431)
Zyg-9 ( 863) [SHTEVEPGSGVVTSPPTGGITLVPQQQG (891)
Mor1 (1387) [k ATOMEKRREGIIPGEARAALRREVRDS (1415)
DACP224  (1375) NNNNNNNNNNNNNNNNNNVQQQQEQQQQQ (1403)

X1 60 kDa MAP & XMAP2157 7 2 U —D 7 2 J [REH ik

60 kDaMAP» b 5N 727 X BB & 7 7 U 1Y A H )b (XMAP215) . & (ch-TOG) , ¥ 3 v
Ta Rz (Msps) . Bl (Zyg9) . v uA XFXF (Morl) , HFAMEREE (DACP224) DEIHID—ET,
XMAP2157 7 X U — D% A /3= IXMAP215S E MHREIVEZ HER LT, e —ET 2 K 5 I~ BEOHI#10
BRAEEOTRLE, XMAP2ISEHFZRT X/ BBEEITAFORL, AT > ZNITR LT,

localized with cytoplasmic microtubules, while some of the 60 kDa MAPs were situated near microtubules, but without

clear associations. Nocodazole treatment resulted in a change in the 60 kDa MAP localization, which probably accompa-

nied the disruption of microtubule networks.

[Br] UNE IR NER SR BE (MAPs) &
N2 ELREAEREALTRY, MiaNo
WoNVE OMREICIES b > T 5, TxlIT h Tt
AFEETTIVHIEE L CHOMAPsO A FSHE 2 B &
M LTV EEZ TS, £O®HITILin vitro & in
vivo D [ [fi 7> 5 MAPs DFREHT 2 38 Z 78 5 B & >
72 TZTHEHLIX, FT7 FT7 8 AT HHMAPs% 5
THEALFEM RN 23 2720 £ OMAPsOfEN O
FEHARL S LEX T, 15O MAPSH S ITIE =
FIHOMAPSRE iz, D56, FHIELNE
Tr I D4 F B 60kDaDMAPIZ DWW T, DT 2
J BRESIR0T 2 — T U CEAREEE & RN O R
EZ T~

[AiE] 7 b7 v A (T pyriformis WERIZHE KFED
BHSEAICTEV -, PYDEGHIF126°C T HEs#E L,
RS BT Oy Bl C15 72 R 2 i & Lz,
ML R 5> B Taxol Z EALPUINE & D ILIL TMAPs#
%72, 60kDaMAPIZT 7 b A i
LM DEAE-EAm—2A BT Ahrua~ 7T

7 4 —. TaxolZELM/INE & Ol & &R TR/
L=l

Fa—7 Y DEAIFISmDEE THIEL &
FEVR) | BUNE DY TV E Yt LIEOLAE D JEM-
100S CETBMSIBIE 2 B 2 e o 7=, BEHOLHR
BIHIT = — 7 U U HUE & HL60kDaMAPHLIA % i
TS D FEA RN Z o7,

($ER] 7 b7 v AT OMHK D © Taxol 22 E LK
INE & DILILTMAPSH 73 & 772, % OMAPsHE 43 (T
LA ELIZ90kDa, 60kDa, 37kDa® =->DMAPsH 5
5L, 60kDaMAPDFE LWMENT %35 Z 72 572, 37kDa
OMAPIZZ VAT AT & K=Y UK ERER T
HY, BEMOEAE TH -2, 60kDaMAP|TEVZ &
REHE Th Tz, WAFHOBLE/RMAPO—DT
B B Tau & oy T BTV 7225, W 7L O MAPs

(MAP2, MAP4, Tau) & TR &ER XM % m S 7
M o e, F 72 60kDaMAP 2> b 3 5 h 7= 8 7 K
(QRIERLEE) & 9%% 55(APTKEVEEK)D 7 2/ et 511 %
T 7YY AT )VOMAPTH 5 XMAP215 & &\ Ol
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R %R Uiz, # L 72 60kDaMAP % W CF = —
TV CEAEEIEEE AT, T EBEEORK
. 60kDaMAPILIREERFINCT =2 —7 V VOEE
ZARME L, BT BEMMETEI L IR IR Y 20 NE 23 B
LI Ni, BEEEEIEEDORKR, 60kDaMAP DX
A SRR s THIBEEIZTFEEL T, &
7=, HEE D 60kDaMAP D % < 13/ NE I RTE L
TV, WL ONEBMNE BB o T/ NE D
FELITRELTWE, J a&Z Yy — VA - fifa T
M INE D R PE 9 60kDaMAP D JRTE D28 AL A3 K,
bz,

[ER] 40, 7 kTt AT 554572 60kDaMAP |
Fa—T7 VU CEAREGEEEZRFSOT N7 e AT OH
HOMAPTH -7, 60kDaMAP/ H15 5N 7-85HE &
9RFED T I BEECSIIIXMAP215 & & W AR &
L7z, XMAP2ISITILEPH ORI - » TRIF SN
MAPD 7 7 2 U —|{ZELTEY, £ A 3 —FHuh
BOXAT I AEHFETHZETMOHNTND,

“oODEH D H B, QRIERLEEIL Y 7 2 U — D4 A
UN—IRAFE STV D 23, APTKEVEEKIZ 2 &I

bic o THREM R £ > X —T b 5 XMAP215 & ch-
TOGIZ LIMEFEN TV o7z (K1) , —o0fd
¥l G REDMBE OB O+ &6,
60kDaMAPIZXMAP215 D CHRANIZ A 4 3 5 4> F Tl
RONEEZTND,

NRPOT N T b A FITHBREICRE LN
8 % o2, 4 [El60kDaMAP % 35 (2 W] R 43 12 [B]UY
S, RS EHURIE ORE R T 1 60kDaMAPIL £ (2
I O NE & RS LTz, 60kDaMAP I3RzIR
WZHer TR AT Z ED D, FIRE O FRC/Malk &
BELTCWDLHREERD D, /2, F=2—T7 IV VE
BIRHEIEIE 2R > T2 2 & 2B, 60kDaMAP LAl
N B NG DFRENZ B > TW A ATREMENR B 5,

[3Z#K]

1) Matui,T., Tokuraku,K., Shimazaki,Y. and Kotani,S.
(2004) Jpn. J. Protozool. 37,11-18.

2) Fujiu,K. and Numata,0.(2000) Cell Motil. Cytoskeleton
46,17-27.

3) Ohkura,H., Garcia,M.A. and Toda,T.(2001) J. Cell
Sci.114,3805-3812.
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Division inheritance of free cytoplasmic organelles in Tetrahymena thermophila

Toshiro SUGAI
(Department of Materials and Biological Sciences, Faculty of Science, Ibaraki University)

SUMMARY

Cells of Tetrahymena thermophila are full of membrane-bound cytoplasmic organelles such as food vacuoles or

lysosomes that are free in the cytoplasm, while all mitochondria are attached to the cell cortex. There is no protoplasmic

streaming. When cells were slightly starved, cytoplasmic organelles were found in the posterior half of a cell. When

these cells divided, cytoplasmic organelles moved from this posterior position to the surface of the macronucleus (MAC)

just after completion of micronuclear division and covered the whole surface of the MAC. During division, cytoplasmic

organelles were partitioned almost equally to the daughter cells by hitchhiking on the dividing MAC, and they dispersed

into the cytoplasm just after MAC division and before separation of the daughter cells. The MAC is the partition appara-

tus for cytoplasmic organelles. Similar partition was also observed in 7. pyriformis W. During the first division of excon-

jugants after conjugation, there is no MAC division. Organelles located in the posterior part of exconjutants also moved

to the central part of the cell and partitioned almost equally to daughter cells. This shows that Tetrahymena cells have

precise mechanisms for organelle partitioning.
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(B8] MR OBE, e fRIZIEm IR 4
SNBN, MEEOANT X TITEL T &ICIE
FURLRIGEIND EZEZLNTWS, TR
AFTHIETIEI by RU TSR g Ic % LT
WA, MBI RISV VY — A E OO
ANTRTZNREBLTND, ZihdOlElEA VT %
T BRI HOBRC T v F DB SN D DD
WTC, AT RT O &R S THEMIETHEA~A
77

[(#1# & AHik] Tetrahymena thermophila inbred strain
B. BXOT. pyriformis WEER L7, &IEBHT L7
A 2 BN AR5 (THEHL) ChEE L, xbEsm
HOMMBYZE L, T thermophila 12>\ T X 10mM
Tris 1 CEEWALARIRIBIZ LT, #7022 22 o ffa &
RS ETHFEESN DM SR O TIHITHA
oo BEITATEMIBICOWTITV, EICiifE
L7z, #O6BI%ETld, DNAEHoechst 333427T,
UV —AET 7 VAL UTRE LT,

FERLEEBRE] 7 PO L S RS R
T, 7 M7 e AR, BE RS LT
WTHNERDS B T X 220, BUEIRIEIC 95 & iR
DENT X T DEPED L, hESWDED LD,
M AT & OEEE TS H B A, RE o
BEIZRTET 5, AR CIIFIBERENITRD bl
Hotz, HINO/NS WA VA R T 1%, i OBk
TEE ATV, FES v ¥ A Th o7, HlikkiET
HoTHLRRDIREMOMEEIRAT 5 &, Miasy
HBNFHIND, TR TR, BRI/
LK WspindleZ FER L=, /IMEDOHENET LT
HRICKENABRRIBIZR 208, BBIZH o=
NATAXZIEZ ORI, RER®RICBEE L, AV
I T IXKREEICEBEE Ui bR A T
POVEENZ Y IR L, KEEREEEICHAT 5L
27 ofe, ANTXTIE, ZOBSHET D KEIC

2005 4F

t oy FoA 7T L CRMEICIZIESEICE S S
oo MIIRE DN ET T RIS, AT R T ITKRE
MoHEENTHIIEIC L, IRMlaosBE%, £
MAEZEICEE Lz, Z o838, UMt
Bz, 72T pyriformis WCTHRIERIZH BN D Z
E b o tz, HNEBLE A D Benomyl Tl i % AL
BT 5 &, REOMBERMAF.LEVEIK A, v
R ZERFVMEO TR RERmICH Y, HE
RN DD FOINES D 2 X oTe,
WAk, BikEEE 2 DR OBEAE TR, KOO
HRR Sy ZETIEIRE T/ A T I AR AR 1 1857l
END, ZOREDOFNIT T Oy & BIEE LTk
B, MIBEICH o oA A R T I o Tk, FHiiz
FRFEOMICBEIL, LIX0 BRI SIS &
Nbnotz, 7 b7 e AL, MRENOZE
B OWERED AN TR T % B)HEIE T D RS DEAE
T B EBRbrot, KENDET 2% oMy
HTIE, RERSEEECHY, AT IR TIELM
JOFNZANVTRTNEE D, £ 2 CTHEEN
Ao THESELSND Z RN bhroTe, TOGA.
MEOH LM REOMTH Y, RITVEICEE S
EWVDRTREMED B D, K & MR D K g ORI IEH%
INEDRTEFE L, 2T B Rtk i & oy 2%
MNTELHE & DOMICE<HE#ET 2 (Fujiu and Nu-
mata, 1999) , FNH R T OBEHORZ—1F, ZD
WD AED S — 2 LIZIERICTH Y MUhE
FHEANC L > THREEEL S T -0 T, MNE 2B
LTS FREMEA L,
ZOEDRBINBRBEN, FETNVEMDO—DTH
D7 M AFTRALINEZ LT, BfilaEy T
AR OBILZFIERREETHY ., ZhbHE
RHEMTHDHZ EEEWT D EBbns,

[3Zk]
Fujiu, K. and Numata, O. (1999) Cell Struct. Funct.,
24:401-404
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Determination of the genomic sequence and the upstream sequence of the

gamone | gene in the ciliate Blepharisma japonicum

Risa TAKAMI', Mayumi SUGIURA? and Terue HARUMOTO?
(1Div. of Biol. Sci., Grad. Sch. of Human Culture, Nara Women’s Univ., 2Dept. Biol. Sci. and Envi-
ron., Grad. Sch. of Human Culture, Nara Women’s Univ.)

SUMMARY

In the conjugation of Blepharisma japonicum, cells of complementary mating types I and II participate in the interac-
tion which leads to mating pair formation. Pair formation is induced by conjugation-inducing substances, called ga-
mones, which are secreted by cells of each mating type. Gamone 1 is not constitutively secreted, but is secreted exclu-
sively by moderately starved, sexually mature type I cells. Moreover, synthesis of gamone 1 is further promoted by ga-
mone 2 which is secreted by cells of mating type II. It was clearly shown in our laboratory that the expression of ga-
mone 1 was regulated by its transcription level in various conditions. In this study, we aimed to find the transcription
regulatory region of the gamone 1 gene. First, we determined the genomic sequence of the gamone 1 gene, and found
that an intron was not included in the gene. Second, we amplified the 5'-flanking region of the gamone 1 gene using
inverse PCR, and an upstream sequence of 868 bp was determined. The sequence contained a proximal sequence element
(PSE)-like sequence, which is considered to be the transcriptional regulatory sequence for RNA polymerase 111, a TATA
box sequence, CCAAT box sequence, and several recognition sequences of various transcription factors.

[E®I] Blepharisma japonicum\ZIZFMFI 2 G C  [MBEAE] 7L 77 U X~oUHMIE (B. japoni-

BTN S 5, YERICERR L, 2o 72l
REICH HWENHE S &, HEAIDBEBAI .
—EHOFMEAFERENS X EZ SND, ZOEEx*
Rmi ENENOMBER BT D2 TE L0 Y
Xo#FEIND, ZhE Tl IEERA K
L., W 28AHEWETHHHEL 1 DDNAD
WRESI D RE SN, TV 1 ORBITES
R PRERREAE, SRS, ﬁ%yzmgm%#’
DERE L ~UL THIE STV D 2 & DNARIFE=RIC
DIHALMNZENTWEY . LrLAEV1 Jg{ﬁ?r@
7 KNEE T OESNIEZH LSRN TE LT,
BRI OV CORFE LHED H TR0,
FZCAFETIZ, HEL 1 8BTS i
WEZ R 5720 0% — Bk 2 LT, #ARID M
B HE 1 EBBTFOF ) LEEFIE 5l EFEAS
FIBRETHZEEHME LT,

cum, R1072KF) 72254 ADNAZHIH L, £ 1
DcDNABLFI DI & S DORFE 2 THTr L 9 1T
WEt L2774 ~—%HWTPCREATV, Mg X i
T2PCREWHD I/ v —=2 T RN —7 = A%EITo

7o IHIC, WELTEZEIINOH I T T ~—%
FEF L. Sau3 AL Hind IIZ X » TENENHIREESE

WMELL7-%4 7 ADNAZ W T A v /8 — APCRZ AT
W, BIE SN oA U R—APCREMD 7 0—=2 7
ROy =T 2 ZA%{To12, T 74 A2 FOfFEHTIC
X ClustalW %, _EIRELFINC BT DGR 1 05
BB T2 IZTF SEARCHA VM=,

fERLEER] FTFPCRICLSTHEY 1 BETH
I— L TWAHERA IR S E72 & 2 A, 1000 bp
DPCREMNEL I, ZOEMD I a—= T KN
V=7 T RAEFT, F ) AERFI933 M A TE L
oo ZORSIEDNADESIZT T4 A hSED L
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FRIL—HL, A PR UVEFATHW RN R bbb,
BT 7e o7, B. japonicum|Z 35\ Tlda-tubulin?) <X S%iE, P eI ERZENOMAIAICEBIT 2 TE

HSP-90%) O % ) LB T TICHES N TR,

INHb A bRV EEALATORNI ERShoT
W5, RIZ, Saud ALC X - THIREEZE LB LT=4
LADNAZ FHWTA 28— APCREATH &, #1150 bp
DPCREMMNE LN, ZOFEHD 7 v —= 7 KN
=T T AT, HE L 1 EIETO 5 M R
BT8R E LTz, £ L CRE LB B
T TA ~—%FE L. Hind TN L - THITREESE L
P74 ) ADNA%Z VW THE A > /N — ZAPCR%
Tolb A, LOREZRWAEZHET 22 EMNT
., I E Y 1 BB T O 5 Ml EiRELS] % 868
W E Lz, IRELZAE Y 1 Bin 0 EREA
ZTF SEARCHZ W THEAT L7 & 2 A TATAR v
I AN 2 EAT, FHERORNARY A5 —FIIT
BREINHBETFOFoEe—F —fETHEL TR
HAVHPSERCSY | & L CCCAATR v 7 Alp DT
2 — X — SN, Fx REE R T O
RECHIN R oz, Bl ZIXHRA b L A2 ET@<
RN T & L CTH 5 I 5 CREBR HSFORRFRAELSI 23
o, 2hbidle s 1 BinfoiaE G MHES
T B D HERAIL & AT S0 0b 0 RN D Al

AA IV S=die

1 BT O EffERE ik 2 2 L0, RRESI O
SESERERERLEE D LITE - T, EBRI
& OEREHIEIR 7Lk A H £ v 1 s - FH O]
BB > T D OOV TERMICTIR D L
MWD, £, TEV 1 EGBTOBEREICED S
M. KV 5 R ELIZI3 FRICEETAHZ L
HLHEZHNDOTEY LW TOWEIERY| Ok E
ERBDOHLYTH D,

[>xk]
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36(2), 147-172 (in Japanese).
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Analysis of glutathione S-transferase gene induced

by light stimulation in Blepharisma japonicum

Yuichi TAKADA and Tatsuomi MATSUOKA (Dept. Biol., Fac. Sci., Kochi Univ.)

SUMMARY

The ciliated protozoan Blepharisma japonicum possesses a photosensitive pigment called blepharismin that causes

the generation of reactive oxygen species (ROS) such as hydroxyl radicals and singlet oxygen. In order to elucidate the

mechanism of resistance to photooxidative stress caused by ROS, cDNA clones induced by light stimulation were iso-

lated from a cDNA library of B. japonicum by a differential screening method, and their light-dependent expression was
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checked by semi-quantitative RT-PCR analysis. Sequence analysis showed that one of these clones encodes glutathione

S-transferase (GST), which is known as an antioxidative enzyme. Further cDNA library screening with a B. japonicum
GST (BjGST1) cDNA probe revealed the presence of another GST cDNA (BjGST2), and the two BjGST (BjGST1 and
BjGST2) clones showed 86% sequence identity at the amino acid level. Both BjGST sequences were overexpressed in

Eschericia coli, and the quaternary structure was investigated using gel filtration chromatography and Native-PAGE. It

was found that BjGST could form homodimers and heterodimers. Furthermore, Southern blot analysis showed that the

two BjGST genes were tandemly arranged in the Blepharisma genome. These results indicate that Blepharisma GSTs

could act cooperatively in response to photooxidative stress.

(B8] #&=E R Blepharisma japonicum!I 7 L7 7 ) A
IVEREND EEMHAEERL TN D, Z0®
RIFINFETOMREICIENT 2 O0HHE, 1) HKHE
WATBIORA L 725" 2) Sl D OBEME & L
THELL LW ZERMHLRTNE 5T, K&k
HEFIZBNTE FaxLls oh e —EERE L
Wo T IEHERBEREREIEDLZ LB oTND
MR A RN O CHBEEEO KIS %
FlEftz L, BB & W\ o 7 Big & BEEIC
boTW5%, KBIFE T, BlepharismahMEVERETEIC
ERT 20 EA b L RTx LTl A b2 O it i
HWEMBA TWDIETTHDLE VI ERAENL Tz, £
LT, ZNEFEIET D720, SRR E LT
BRI 2BETOWE, 72D CNTZ OERE - HEMET
BRI IRoT,

[#1%} & Ai%] Differential screening % : 24HFRI Y 451F
T (5 Wim?) (Z{\N2B. japonicum?> 5> mRNA Z i
L. cDNAZ A 7 F U —aAfFR LT, Wiz, &tk
T BERA TICEW IS B Z I EIeDNAY 7 —
TEREL, TN ATIVEA BV arEE
TR, T TREMICRBLT 28I TR XY
V== L, BEOEKRMHERITFEEREDN
RT-PCRIETE o7z,
Vareryr b2 R EORB LR BB
7 % — (pETH L < IEpMAL) # fE &k, KB HE
BL2UK & BRI LT, & v /N7 BEORERILGSTrap
FF (Amersham Biosciences) % Tk I 7e~7-,
ZE&RIER ORBRT © F VIR S T A Superdex 75
(Pharmacia Biotech) # /=7 u~ /o7 4 —¢&
Native-PAGEIZ K » T &KL O W REME % FiFT L
77

VY Tu T 47 05 ng?® KEEDNA % il IR
# (Hind 101, Sac 1, Xba 1) Z MW TZRLHIHEL,
BERIKINC LV L7, e AT LT b
FUATZ 7 — Lk, DNATB—T & HNTHRIEL

7=

MBREER] 27 ) —=2 7B XOEEENRT-
PCROFERMN D, 4 FIHO LT 2SRRI IS L
THRETDLZ L 2R L, RE LS50 ELE S
IZDOWTBlastX 7' 1 77 A L W HHRIEREE B 2
oo fER, FOHRO 1 FEEIZOW T AMRED
Glutathione S-transferase (GST) & FHEIMEZ R L7Z8,
B. japonicumDGSTIZ DWW T & LIZHRETT A7 H1Z,
ASEAYZ ) —=v 7 ENT-GSTAE v V#Eis T
(BiGSTI) #7nu—7L L TDNATA 7TV —%
A7 V== LIz 2 A, HZICBGST2 %1572,
2ODBIETOHET X/ BEESIIE86% —H L,
SIZBIGST2DFH G 1= KA L > THHEENS
L EMRLE, I, BiGSTAH 7OV 7=y k
WEERRT o0z arerr bR TED
B &2 B Z 7 o 1=, BjGST1 (pET T % i, 25
kD) | tBjGST2 (pET T % B, 25 kD) . rBjGST2-
MBP (MBPfil& % > /327 '8 & L CpMAL CH L, 65
kD) O 3FIED Y LN HERBSE, SIS
v~ k77 7 1 — &Native-PAGE CH#T L= & Z AR
EHXA~—FRTHEBHLNC ST, F
72, 1BjGSTI & rBjGST2-MBP % [f] I |2 FE Bl X & 7= 45
4. Native-PAGE LT3 oD AR TE -2 &
B BJGSTL & BjGST2D~T v X A ~ =N S
LM EINT, £, YTy r YT o
VT DRERIS 2 ODGSTEIETFIEF /) & bBicx v
TAICEEBEL TS Z ERHALNC ST, kD
fi R 5. BjGSTI1 & BjGST2 23 edil (% 5 < 1%
JeRg{b A b L A) Tk LTI Tn g 2k
MRE ST,

[xxk]

1) Matsuoka, T. et al. (1995) Photochem. Photobiol. 62,
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2) Noda Terazima, M. et al. (1999) Photochem. Photobiol.
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X RV A Euglena gracilis DIENTENE S 737 EIP39D 53 1 W) F-WIFRHT
KACEEE, INRREUR (FE R - B - 48)

Molecular biological analyses of IP39, the intramembrane protein of Euglena gracilis

Yasutaka SUETOMO and Toshinobu SUZAKI
(Department of Biology, Faculty of Science, Kobe University)

SUMMARY

The euglenoid flagellates perform a characteristic movement called euglenoid movement. Intramembrane proteins
called IP39, which are regularly and densely arranged in the plasma membrane, have been implicated in this movement.
We carried out PCR-based cDNA cloning of P39 from Euglena gracilis in our previous studies, and found two types of
IP39-encoding cDNAs (a- and B-types). The a- and B-type cDNAs consisted of 792 and 795 base pairs, respectively.
Between a- and B-type cDNAs, differences were found over the whole sequence. However, between the deduced amino
acid sequences, differences were restricted to the C-terminal region, except for two residues in the middle part. To exam-
ine the expression of these two types of IP39 mRNA, we carried out northern blot analyses of mRNA extracted from
cells in the logarithmic growth phase. The specific DNA probes were designed from the 3' untranslated region of the
IP39 mRNA. Results of northern blotting showed that both mRNAs are expressed in the cell and suggested that expres-
sion levels of the two types of IP39 mRNA were similar.

[BH] =2—27 LFEHIE, G<hba—r L E#)
MPHEN D IE S 2R M S T EE 21T 9 2 L 3 b LT
W5 (1) ZOEBOMLAMAE LT, 2= VD

WEFL, FHEHWTDNADOPCRY 0 —=2 7' %
To7. 7 X 7 BB SR AT 121X ALL-IN-ONE-SEQ-
ANALYZER %, FH AP R IZIXBLAST % H W\ 72,

—FfECd b Euglena gracilis Tl%, filafkRmaAz
T PBRAEAR Y 7 L o Iz B BIE L <
(F1ET B BEPNTENE & 2% 7 BIP39 DRSS 2L 3 F e
FREFMOBIMZSIZE T2 L THRIROEENAET
HEVHIEBBIRE I NTVD(Q2), &I TRMET
1L, IP3OD = — 7 L BN X T 2B 5 2 B 6 Z
T H72DIT, IP39F /X7 BHDcDNADPCRY 1 —=
VT EATV, FOREREEIC, x0T AR
BT 24T 2 72,

(## & AE] Euglena gracilis DFENTENE Y X0 &
IP39ODONKNGT X /BB T — X B e T T A ~—%

Northern blotfi##T(Z VN 72IP39D —FEFE O Z N E
IR MICHE AT 2DNAT 1 — 7%, & HIZIP39
mRNA D3 JERIFRGEL O —# 2 H v, oL TIE176
bp. PEITIXI50 bpD e K & 72D X 9 FH L. DIG

(Digoxigenin) % 7~V > 7 Lz, E£7, fiRHTICH
VN2 Euglena OmRNAIZIT, SHEGEIC & 5 Mifa 4
RIRZER CHREBAE L2 5 2 ©, i, BRLeb
DE RN,

[$2 R & E2] 1P39DCDNA D SLFLH] & AT L 7~ 7
B2 ODNAN R On o, FZTHxlt, —
Fra, b —FEpE L 4Tz, o792
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Ho, BEUXTISHERE N DR STV, ol & BRI D
WEES O, 2RI TEROLWAR L., M
FITEIZRI88% Th o Te, Fiz, oM EBROT I /R
Bly O IZIE, CRMfTHE & ED—H DT I /%
BEANEWAR O, HEMEIZM% Tho7o, &6
2, o, PRl ERIC, 2ToETFRICR T, &
R CRERBE SN, FHFRMERKEOME. BT
EOZRRITBEE B EVHREMER SN0 T72 2
EMBLIPITH LWH U RIBETHDH Z LIRS
iz, BEEGERMEE T, RO T B RN T
W, 20AEE TR OFES &= OIP3IZE T 2 B e
LOFERB-6) AT D & IP39IT2EI R E @A &7
NIETHDARENR S BV EDBRBE NI,
Northern blotf#ATZ & ¥ | P39 D 2FEH D A DO mRNA
LAV TCORBEZFRT-EZ A, o, pALE BT
FREETHD Z BB TE 2, BEDOHFIEQR)T,
Euglena OMBAEFIZIIT HIP39ODESIL, 22D
DEIe DB R BRI DR SN D IR 2 = >
N OIRANA 2 — o DB SN TR D, ZD
H—vna— 7 L EBROMEEEZE IR U T
AL TWD Z & MR &4 T 5, Northern blotfi

MORRENS, MUER 2=y M, o RN —H
EROTHEHENTWVDDNE LR, HIEITA
FFFERE & FEIZ, RNAIETZ W ZIP39 & v R 7
DORBH 23T, P39L 21— 7 L EE ORI DR
HHEEES TS, %1%, JUEHOHIEANTD
JREPEIZ OV TN, 512, IPOBED X DI
2— 7 LB S LT D 0N EEI L T
TETH D,
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% W Sterkiella cavicola D> A MR « s A FERIZEBIT 5
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Appearance and disappearance of the 140 kD protein of the ciliate,

Sterkiella cavicola, and the ultrastructural changes of micronuclear

chromatins during encystment and excystment

Asuka ODA' and Tadao MATSUSAKA?
(1Syst.Nat.Env.,Grad.Sch.Sci.Technol.,Kumamoto Univ., 2Dept.Sci.,Fac.Sci.,Kumamoto Univ.)

SUMMARY

Hongo (1984) has discovered a cyst specific 140 kD protein in the ciliate, Sterkiella cavicola, assuming its localiza-

tion in the outermost layer of the cyst wall. Himura (1993) has made clear that this protein localizes in the cystic micro-

nuclear chromatins by immunoelectron microscopy. Kikukawa (1996) has shown that the cysts contain 2 types of micro-

nuclei, with thin compact chromatins and with thick rough chromatins, and that the 140 kD protein is recognized only in

the micronuclei with thin compact chromatins. In order to elucidate the function of the 140 kD protein, we compared the

appearance and disappearance of the protein by Western blotting technique and the ultrastructural changes of micronu-
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clear chromatins during encystment and excystment. The results of the Western blots indicated that the 140 kD protein

appeared at the stage 4-5 of the encystment, and remained in the ciliates immediately after excystment but disappeared

during a few hours after excystment. Ultrastructurally the thin compact chromatins were first found at the stage 5 of the

encystment, and remained immediately after excystment but was not found in the cells a few hours after excystment. We

supposed that the 140 kD protein condensed micronuclear chromatins and the condensation of chromatins might protect

genetic information of the cyst against adverse environmental conditions.

(B8] AaFze CcRW =k B Sterkiella cavicolaltBg
BENBETDEVA MR L TIRIR L, BREENK
FTDHEMU AN LU CHREBHIEES A HHT 2, 4
MIEETITINE T, ZOHERDO A MERKIZE
T o8k x R E AT - CE 7o, AL (1984) 1L A K
FHEDI4KDS VNI EERRLL, Z0% I8
X A MEERANEICAEET D LG L 7o, Ml AT
(1993) I Z DX X7 BT T 2B ERk L.
140kD % > /R 7 RV A NBERAMNE Tlid/e <, v A
NONMEIWZFET D EEHA LM LT, HIZ, 4
JII(1996)i3k@AT (1993) ERL L7z$ifka -HwvwT, v
A MIERBIRICHTET D7 0~F N RS BB
50nm) HVVINECRBHRANME) & 7 v~ F U<
(BKI25nm) FEITHEENE L 72/ DE (S A2 MU D 2
FENTAETHZEEH LML, 140kDX /X7
BIZT A MUNMEZ a~F VICORGFIETDH L &
AL, AMFRETIEY R MEAB LU R O
FRICBIT 5140kD Y X7 B OWE &, BiaAEH
WCEBYA MDY n~F L OBEEEBE
L., 140kD¥ > X7 B L7 a~F L EfEE OBbY
EFHONZL, 7~ F UEOROBEREHET
LT EEHEHME LT,
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WIRICB$ 2 & TiTo 77,
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BT h o CTEB L, LRATA M THEL
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AERL L. HiR et is b 5 W RS e a i L
THIZE L,
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140kD# > RV IV A MERD AT —V4~5D B
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MR- TEY, 140 kKDF N7 132 A MEKD
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Suppressing factors for encystment in Colpoda sp.

Akemi KIDA and Tatsuomi MATSUOKA (Inst. Biol, Fac. Sci., Kochi Univ.)

SUMMARY

Ca*"-induced encystment of Colpoda sp. is cancelled by bacterial products such as proteins and peptides in the sur-

rounding medium. In the presence of bovine serum albumin (BSA), suppression of Ca*"-induced encystment occurred

concomitantly with uptake of BSA into endocytic vesicles. Such suppression of encystment was not affected when endo-

cytosis was inhibited by chlorpromazine. The result suggests that the suppression of encystment is not correlated with

endocytosis and/or nutrient supply via endocytosis. In order to elucidate whether the Colpoda cells detect the specific

conformation of the proteins or peptides, we examined the suppression effects of BSA, peptides obtained by digestion of

BSA, or a mixture of the total amino acids constituting BSA, on Ca*"-induced encystment. All of them had a marked

encystment-suppression effect, implying that the receptors involved in suppression of encystment might recognize side

chains of amino acids or certain structures common between amino acid residues and free amino acids.

[B®] #FEHR =LA —4 (Colpoda sp.) DL A ME
FAFAMEERE O EH (322 L TCY) 10k »TH
BIRDY M, SMEPICRE SR T Y 7Fh§!%
oy (Z NI ERRTTF R EORES 1) |

Tl S 52, ShiEl ﬁf?‘é&//\&g?’;& =
VRV A b= AES L THBENICERYIAERD D
T, VX Meomfl#gR =y R A b= 207
nt ALy R A b=V A& L7 RE MR L B
Gl H1b L2, RAFFETIE, & Meo
HiX, =0 R A F—> 2D a2t Lo
TH7ebINDIREMG EHERH D0 E D NI
WCTRET L, 2D ORMICBEEER N D & 2R
Lo VA MEomiflig, 2R —FEaos
BARDINEAFAET D B R T BERoXTF RO
WEZEMT A ZEiIck o Thiban5s LHfEgs
nNs, £Z<C, yvmiE7T VT I (BSA) LD
HALFEM s L ONERED 7 3 BE % AV TCa¥ K21
A MFEEITT A MR A T,

(M &HE] Colpoda spix’>X7 7V 7 (Enterobacter
aerogenes) & AH Z AT 720.1% F 3R MK THFE L
7o VA MERIE, B A MEEEE 2 H B OML %
RERHIL (EASS em) W72 L7z v 2 MBS R
% (1mM CaCl,, ImM KCI, 5mM Tris-HCI, pH 7.2) T
Balge - 72 . [FHRIC 50~ 100 E/ml oD 55 & TR 9
HZLICE-oTHFELE, BSAZ MU 7Yl d
LA, BSABICH L CHVI0OEBDO NY 7Y &K
IR (2% 2-AN AT v ) —)b, 10 mM NH4HCO;
é”é\ﬂ) Wz, 37°C C48IRF AL U7z, LB,
ELLT (8000g, 1047) B &2 B D BR&, &M
Fa—7 (4 & 100) & W CHEEERF T
72H#Faﬁi§+ﬁ(ikﬁ)w_o BSADHEALFE D IR L 15280
B AWSED DHEE LT,

(fEREEE] aVR—F &2 X MFEAL ﬁz@
(ImM CaCl,, ImM KCI, 5SmM Tris-HCI, pH 7.2) |
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mg/ml, 0.03 mM) % & THIEER P CF L < il S
Nz, BSAIT—=Y FH A F— R K-> THEANIZ
BmYirAEhs, LER->T, BSAIZXL DT X MED
PHIA T R A b= 2 %N LIz in & BItR
BhHdMHbHENRY, TZT, Zrrravdy
(05ug/ml) [ZXV =y RYA b= 2EHEEL
TR T CTUA MEDOIHINE & B0 E 5 hEFH~N
TR (= YA b=y ARWMl SN TWnDZ &
IZBSA-FITCIZ & ¥ fgg8) . ¥ A MEflciZe<®
BWNL NN oT-, ZTDOTENDL, VA MEKED
HNE, ZREICEDBSADFORBME G I—HED
TV RY A P ABIOREMGEOTr R LI
ML LI 7TV v THIC Lo Th b Ehd 2
ENTRBEND,

CaMEFICHEE SN D o A MEROIHNIL, =
VAR — ZRFAIEABSAD SR EE R T D2 &
Lo ThebINDAEERH D, &I TBSAD
MU T WA REY (XTTF R OB A
7oo T OGA HBSA & [FAARICEAZE 72 o A MEdniilzh
HpNED b, ZOREIZ. avR—F ki
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2005 4F

REEHEALT S ZENEZLND 2D, BSAZIEK
T 57 3 EEHRLE R D, 2 mg/ml BSADEENNAK S fE
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BRI LT RIS FET D, (2) BH—% 7
WD DZRIKBT 2 BRI o @i 4 8%
T2 : 3) H—OZRENT I /Wi LT
J BRI D EATH AT 5,
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Evidences for the increase of telomere length with clonal aging

in Paramecium caudatum

Satoshi OHTA and Nobuyuki HAGA (Dept. of Biotech. Ishinomaki Senshu Univ.)

SUMMARY

Telomere shortening is associated with proliferative senescence in cultured human cells. However, stable mainte-

nance of telomere length is found in proliferative senescence in Paramecium tetraurelia. In previous studies of P. cauda-

tum, we found that the length of telomeres increased for about 700 fissions after conjugation. In this study we altered the

conditions of Southern hybridization by changing both the non-RI detection system and the length of telomere probes.

The biotin-labeled telomere probes (TTGGGG: 4 repeats) enabled us to increase the hybridization temperature from

42.5°C to 68°C. Under these conditions, we have reconfirmed that the signals obtained in the previous experiments were

from the terminal restriction fragments. Furthermore, under the new experimental conditions, we could estimate the te-

lomere elongation ratio as about 2.5 bp per cell division in KNZ52 strain and about 1.0 bp per division in SOS2. How-
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ever, there was no statistically significant difference between the two strains. Paramecia have detectable telomerase re-

verse transcriptase (TERT) activity during sexual maturation and until about 170 fissions after conjugation. Although

there is no information about TERT activity in senescent cells, this enzyme is one of the candidates for telomere elonga-

tion. In some cell lines, homologous recombination is thought to be an alternative mechanism. Our results suggest that

telomere length may be useful as a molecular indicator of the clonal age in P. caudatum. For an understanding of the

biological meaning of telomere elongation, it would be necessary to establish methods of artificial manipulation of te-

lomere length in future.

(B8] ¥ vV A ( Paramecium caudatum ) XA 5>
ZE K700 CTHEA X D FCLT, ARfubgym g R
DL FRFFRDAEFR DR T 72 £ Ofllia 7y Bk
FULICHRBRESR TZREZT, LArLaens, &
MEFRHIICA SN D X 9 Zeiia o 2 Iciki L
T B AT QMR SN TVRY, IV EAY D
U L ( P. tetraurelia ) CIIAETES 8 L CHEIR Y St
WRIF LI T m AT ROZFLWEMITEZ b72n
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170 FE TIXT 1 AT MRS 5 Z LR E ST
%2,
ARWFSE I ZdnEs X Z600[a Db I L &1
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L& EISEIRETHE Lz, L, A THWY
THEEIIET e AT 2T 2R DR TEE
WEL I DAREENE I TWE, £ TAHE,
FxixT e AT REEUNET LI Ty hORIC
BWT, 7o —T7 @ik FOFEMEERFIL, X
DRFRANCT R AT Z R TE D REHHE LT,
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SOS2 ) 1TV THIKLSY %#@i&éﬁw(muﬁ
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600, 750, 850)% Yfii L 7=, M5y 2 1L 4 T O
WE CHECHHET D LRE LT, SREBRE 1T 2 Ak
W TE AR IR & YR D FRBRE LA Z K < RO MR )

HEHAIL 72,

AL OERE L LT 2 DOBRD &4y A Rl
WZOWTCHIRERE I L, ST e AT R
ZRE L, BT OGNS X, BT LS
HWWDOANST=FT T Ly a AT RIS R 2
HEVNTUN < Daily Isolation CultureZ VN2, 71 27
DOHREFEIZIXTRFs (Terminal Restriction Fragments) 7%
ZRAWE, HIREEIINE RSy 1280
Tl Ta—=TRNTa AT TV EAXT D5
FMEZEL TAEOICUTOEEZHE L,

s =T ORI E IR AREERT VA 7

AT 7 B—EDOREREAF VICEEL, N7
UEAB—Ta VOIREEZ42.5CH5H68COEIRIC
BE LT,
=T oTFa AT EYO
(TTGGGG); 7 & 4[] (TTGGGG)4 |~
0 —7 OIEFFRI I NA TV H A XD W[ EE
L7z,
A TVEA Y= 3 Ny T 7 —ISDSHEE D
EVN0.5M NaPO, (pH7.1), 2mM EDTA, 7% SDS, 0.1%
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NA TN H A XDOReMEZ RS Lz,

« V7L O HIZ 13 BioLabs D Phototope-Star Detec-
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(#5821 ANIEEEFEE 1 XKNZ52, SOS20 & H 5 DRRIC
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Aging TIX7T 7 AT MfnR4 2 Z & TR EE O



38 JRAENY RS B 38k 15

BT E0BLE PR T 5 WL TR SN
oo ZOZEEWPDDEDITITIAHRT R AT RS
FRNHIET 2 HEEWL T DL DREETH D
LEZD,

2005 4F

[>2k]

1) D. Gilley., E. H. Blackburn. (1994) Proc. Natl. Acad.
Sci. USA. 91, 1955-1958.

2) Y. Takenaka., T. Matsuura., N. Haga., Y. Mitsui. (2001)
Gene. 264, 153-161.

Paramecium tetraurelia\Z 33} % 12 Daging 2% 3 %l Dage DL 2L

KB ACRE, —dmiit— (RHOK - B - A2 BkRE

The effects of parental age on the aging of offspring in Paramecium tetraurelia

Tomoyoshi OGINO and Isoji MIWA (Dept. Biol., Fac. Sci., Ibaraki Univ.)

SUMMARY

It is known that the germinal age of the parent affects the initial mortality of offspring after fertilization in Parame-

cium tetraurelia. In this experiment, we examined the length of autogamy immaturity, life span and the fission rate, of

offspring induced by autogamy for various parental ages and generations. When we examined the initial mortality of

offspring induced at each parental age, we found, as did the previous study, that the initial mortality of offspring induced

from aged parents increased rapidly. Furthermore, the offspring induced from cells after 30 fissions in the second genera-

tion showed a lower initial mortality than that of the parent. The length of autogamy immaturity, life span and aging

speed of offspring, however, were not affected by parental age, and they maintained a constant value in all offspring

induced from every generation. These results indicate that parental age may be reset in a viable offspring induced by

autogamy.

(B8] BloageM 12 Dagingll 5- 2 558 L LT,
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W2 T o7, F, IEEE A~ 2 72 DIZIXS A [H
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F OHARANZ0E] 43 R RFICFRE L7 T FR CIISE L
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%72 5~ < culture agingDFBEN/ NI 72D X HITHE
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DagelTHIM TIIHFE L2\ A3, culture age’s & D2
DEF DAL TE OEERBN D FRERH D,

[X k]

Ishikawa, Y., Suzuki, A., Takagi, Y. (1998) Zool. Sci., 15:
707-712

Rodermel, S., R., Smith-Sonneborn, J. (1977) Genetics 87:
259-274

B, InmEEE, FHa AR SRER 25 OEIEE

T bV OC ST ERKAFECa” T v RV OIEPEICEE TH 5
WeRSEt, B RT GRBOKE, AEMBETREIIR)

Ca’"-sensitivity of centrin is important for the activity of the voltage-gated

N ] )
Ca’" channels in Paramecium caudatum.

Kohsuke GONDA and Mihoko TAKAHASHI
(Inst. Biol. Scis., Univ. Tsukuba)

SUMMARY

Internal Ca®" concentration regulates the waveform or beat direction of flagella/cilia of various eukaryotes. Ciliary
reversal in Paramecium depends on a Ca®" influx through voltage-gated Ca®" channels on the ciliary membrane. How-
ever, little is known about the molecular mechanisms of the Ca®* channels that control ciliary reversal. One of the volt-
age-gated Ca®* channel mutants in P. caudatum, cnrC, neither produces Ca”" action potentials nor responds to any depo-
larizing stimuli. Previously, we reported that the cnrC™ gene product is P. caudatum centrin (Pccentrinlp), a member of
the calmodulin superfamily. Like calmodulin, centrin possesses four Ca*"-binding sites called EF-hand. To examine
whether Pccentrinlp controls the voltage-gated Ca>" channels in a Ca®*-dependent manner in vivo, the curing effect of
Pccentrinlp genomic DNA that had mutations in the EF-hand was examined. The DNA was microinjected into cnrC
cells, and then the responses of the cells to depolarizing current were investigated. The results showed that the Ca®* sensi-
tivity of Pccentrinlp is important to the regulatory mechanisms of the voltage-gated Ca®* channels. In particular, it was
suggested that the cooperative work of EF-hand 3 and 4 in the presence of Ca®" is indispensable to the Ca*>" channel ac-
tivity.
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[AiX] B D1213bpDPccentrinlp”” ./ ADNAKT A
% cnrC\Z Microinjection 3™ % & cnrC O &K 17 P
Ca¥F v RV OEFENEE L. cnrCIZBES M D
FICBOR LCH&IBIEKZ1T 9, B M) a2 ET
Calmodulin” 7 X V —ClX. EF-handWNOEEMET X /
(D, B)NCa st iIc BB e RE 2 R L T
D, INbOT I BEIFMIED T I/ BRICEHR
% L (D—A, E-V), Ca'fEafEnkbns Z &3
BEEhTWsd, £7-. v MU v = Calmodulin T
I%. EF-hand 1&23 X OEF-hand 34N ZENNRT
Ko THEEL WS EEZ LR TWS, £Z T,

1213bp®DPccentrinlp’’ ./ ADNADEF-hand% 21— R4
2 I i HEE i % 5. 2 . 4 EF-hand (EF-hand1~4)
DEEMET X BE 2 CIEMEDT I/ BICER LT
Ay AT bERBLE, TLTINLDOI A
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TR (EK RN, EERREN) % 5 % . BATERAEC
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[#5R &£ & %] EF-hand 125825, EF-hand 278 27,
EF-hand 37 #4%! % Microinjection L 72 #ifld Tlx, &K'
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Expression of gamone 1 gene during sexual maturation in the progeny clones of the

ciliate Blepharisma japonicum

Mayumi SUGIURA'”, Seiko KAWAHARA' and Terue HARUMOTO'?
(‘Department of Biological Science, Faculty of Science, Nara Women’s University, “Department of
Biological Science and Environment, Graduate School of Human Culture, Nara Women’s University)

SUMMARY

The ciliate Blepharisma japonicum switches the reproductive process from asexual (binary fission) to sexual
(conjugation) when cells are deprived of food . This switching mechanism has not been elucidated yet. Conjugation in B.
Jjaponicum is induced by interaction between cells of complementary mating types I and II. Substances that act as signal-
ing molecules for conjugation are called gamones. The glycoprotein gamone 1, produced by mating type I cells, is a key
factor that triggers interaction. In this study, we examined the influence of nutritional conditions on the expression of
gamone 1. We found that mature mating type I cells do not transcribe gamone 1 in the logarithmic phase, but start tran-
scribing it when they are starved, and that the level of transcription increases as starvation progresses. We isolated prog-
eny clones and examined their level of maturation and the expression of gamone 1 at different clonal ages. We showed
that most progeny clones differentiated into mating type I, becoming mature at about age 25 and continuing maturation
gradually. The expression of gamone 1 was examined at the clonal ages of 10, 18, 25 and 39 by northern blot analysis.
Gamone 1 mRNA was not detected in immature cells (clonal age of 10 and 18), first faintly detected at age 25, and be-
came distinct at age 39. Gamone 1 activity in cell-free fluid prepared from each sample corresponded to the level of
gamone | mRNA. These results suggest that the transcription of gamone 1 is strictly linked to the process of sexual

maturation and clonal age.
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Analysis of the feeding system in the heliozoon Actinophrys sol

Soichiro KAKUTA and Toshinobu SUZAKI (Dept. Biol., Fac. Sci., Kobe Univ.)

SUMMARY

Actinophrys sol is a predatory protozoan which captures prey organisms with its axopodia. When capturing prey

organisms, 4. sol discharges the contents of extrusomes, which are secretory granules located beneath the cell membrane.

It has been reported that extrusomes contain concanavalin A (Con A)-binding materials. At least two proteins are known

to be involved in feeding of 4. sol. The first is a 40-kDa glycoprotein (gp40) that binds Con A, and gp40-adsorbed aga-

rose beads induce phagocytosis by A. sol. This suggests that gp40 functions in prey recognition. Another protein in-

volved in feeding is TPPI , which is deduced to be a peptidase involved in lysosomal digestion. By immuno-microscopic
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observation, it was found that TPPI was localized in lysosomes and discharged into late phagosomes. From the results of

a homology search, it is conceivable that TPPI is a peptidase belonging to the sedolisin family. Immuno-electron micros-

copy confirmed that gp40 was localized in extrusomes. After gp40 was purified with Con A-agarose, and then digested

with N-glycosidase, SDS-PAGE and western blotting showed that its molecular mass, without the Con A- binding sugar

chain, was 37.5 kDa.
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Toxic effect of heavy metal ions on the axopodia of heliozoon

Raphidiophrys contractilis

S. M. Mostafa Kamal KHAN', Mikihiko ARIKAWA" %, and Toshinobu SUZAKI'
('Dept. Biol., Fac. Sci., Kobe Univ., *Dept. Biol. Sci. Environ., Nara Women's Univ.)

SUMMARY

In this study we have observed the effect of zinc, lead, copper, mercury and cadmium ions on the heliozoon Raph-

idiophrys contractilis. The effects of heavy metal ions on the axopodial length, food uptake mechanism and axopodial

contraction were examined, and we found that the axopodial length decreased significantly, the food uptake mechanism

and axopodial contraction prolonged. The half strength effects of these heavy metals are around 1 puM, i.e., in 1 pM

heavy metal ions axopodial length became almost half. In the same concentration of these heavy metal ions, the affect of

mercury is higher than those of zinc, lead, copper and cadmium. In high concentration of these heavy metals, it was

observed that axopodia were disappeared and cells were disrupted very quickly.

[INTRODUCTION] Heavy metal pollution is a worldwide
problem, due to the industrial discharge. Considerable
efforts have therefore been made to identify polluted areas
and to develop efficient methods for their quantitative
assessment (1, 2). In natural and polluted environments,
the uptake and handling of essential toxic metals by differ-
ent cells constitute critical steps in the cell survival (3).
Heavy metal pollutants, found in the environment, are
serious toxicants in the aquatic environment. Heavy metal
ions form unspecific complex compounds in the cell that
lead to toxic effects. Even highly reputable trace elements
like Zn*" or Ni*" and especially Cu®*" are toxic at higher
concentrations. Thus, the intracellular concentration of
heavy metal ions has to be tightly controlled, and heavy
metal resistance is just a specific case of the general de-
mand of every living cell for some heavy metal homeosta-
sis system. However, heliozoa are primarily freshwater
and sub-benthic species from brackish or marine water in
the euphotic zone. The heliozoon Raphidiophrys contrac-
tilis possesses lot of axopodia radiating from the cell body
and food organisms are captured by axopodial contraction
(4). In the present study we have observed the physiologi-
cal effect of zinc, lead, mercury, copper and cadmium on
R. contractilis.

[MATERIALS AND METHODS]

Organism and Culture: The heliozoon Raphidiophrys
contractilis was originally collected from a brackish pond
in Shukkei-en Garden, Hiroshima City, Japan. Organisms
were cultured monoxenically at 20 + 1°C in a culture me-
dium based on 10% artificial sea water and food flagellate

Chlorogonium elongatum (5). C. elongatum was added to
the culture medium as food source sub-culturing was car-
ried out at intervals of about 7 to 10 days.

Methods: Floating heliozoans were placed on a glass slide,
surrounded with rectangular mounting ridges of petroleum
jelly. The cells were allowed to settle for 5-10 minutes so
that they might recover from axopodial disturbance caused
by pipetting. Then metal ions were added and cells were
covered with a cover slip, observed under microscope
(Nomarski differential interference optics, BX50, Olym-
pus, Tokyo, Japan) and recorded on S-VHS video tape
using a video recorder (Mitsubishi HV-S77 and BR-S822,
Victor, Tokyo, Japan).

[RESULTS AND DISCUSSION] Heavy metal pollution
resulting from human, industrial and agricultural activities
affect biological systems. This pollution affects the
growth, development, morphology, metabolism and many
other cellular and molecular biological activities of all
eukaryotic organisms from higher to lower, including, of
course, unicellular microorganisms. In the present study
we have observed the physiological effect of zinc, lead,
mercury, copper and cadmium on the heliozoon R. con-
tractilis. The cells displayed different sensitivities to these
metals, such as, axopodial degradation, number of kineto-
cyst decreased, movement of kinetocyst become slower,
food uptake mechanism and axopodial contraction by
external stimuli prolonged. The effect of Zn>*, Pb*", Cu**
and Cd*" observed less severe and it took little more time
than Hg”" to disappear all axopodia. The effect of mercury

severely damaged the axopodia. Mercury produced a
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We have ob-
served that in the presence of these heavy metal ions the

high-pronounced effect on the axopodia.

axopodia of R. contractilis become shorter than its normal
length and in the Hg?" all axopodia disappear with in the
shortest period of time. The axopodial length of the helio-
zoon was observed, recorded and calculated up to 20 min
after the addition of metal ions. These observations indi-

cate the toxic affect of heavy metal ions for the survival of
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Isolation of a gene encoding ADF/cofilin in Tetrahymena thermophila

Nanami SHIOZAKI, Kentaro NAKANO and Osamu NUMATA (Inst. of Biol. Sci., Univ. of Tsukuba)

SUMMARY

Cytokinesis is one of the most important events for cell growth and is accomplished by contraction of the contractile
ring. Although the contractile ring is mainly composed of actin filaments and myosin, it is not well understood how these
proteins are assembled in the ring. Therefore, we decided to study the function of actin-regulating proteins in Tetrahy-
mena thermophila, and identified an ADF/cofilin-homologous gene, ADF73, from its genome project. ADF/cofilin is a
protein that severs and depolymerizes actin filaments and plays an important role in establishing cytokinesis in many
eukaryotic cells. First, we cloned ADF73 and deduced its encoded amino acid sequence. It was revealed that Adf73p is a
136-amino acid protein and is most similar to starfish and Schistosoma ADF/cofilin. Next, we determined that the mo-
lecular weight of Adf73p is about 14.5 kDa, by subjecting its recombinant protein, expressed in E. coli, to SDS-PAGE.
In addition, we confirmed the intercellular interaction of Adf73p with actin from the fission yeast, Schizosaccharomyces
pombe. In future, we will study the biochemical reactivity of Adf73p to actin in vitro, and the function of Adf73p in
cytokinesis in Tetrahymena, by knocking out its gene and by immunofluorescence microscopy.
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Role of phospholipase C in the motility of Amoeba proteus

Ryoko SHINKI, Kayoko MAEDA, Hideaki KAMATA, Hajime HIRATA, Teruo SHIMMEN, Seiji
SONOBE, Hitoshi YAGISAWA (Graduate School of Life Science, University of Hyogo)

SUMMARY

We have examined the role of phospholipase C (PLC) in the cell movement of Amoeba proteus. Although mecha-

nisms of regulation of actin-based cell motility by phosphoinositide in mammalian cells have been well explored, those

of Amoeba proteus still remain poorly understood. The 4moeba movement was examined as a model system to dissect
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locomotion of mammalian cells, such as macrophages, neutrophils as well as some cancer cells, exhibiting a rapid amoe-

boid movement. Amoeba cell lysates showed the PtdIns(4,5)P, hydrolyzing activity. Microinjection of Ins(1,4,5)Ps, one

of the products of PtdIns(4,5)P, hydrolysis, into the cytoplasm of resting Amoeba caused pseudopod extension and cell

movement. We have isolated cDNA clone encoding a functional PLC from Amoeba by RT-PCR cloning method. The

deduced amino acid sequence and the domain structure show a marked similarity to the eukaryotic PLCs, especially

those of mammalian delta type isoforms except that the structure includes an additional C2 domain at the N-terminus

instead of the pleckstrin homology (PH) domain. We designate the gene as Applc (Amoeba proteus phospholipase C).
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BL21(DE3) ¥RICH /Bl S, IPTG IZ L W @ha & v

/X7 % GST-ApPLC OFBLAFHFE Lz, FEH K
TEFITNEF ATy —RA 4B (T~ v A
WA YA = 24E) ZHOTER L,

[(#ER L EE]
T A= TR B PLC DIFELE ZDEIR

T A =R R 3 K AFAYIC PtdIns(4,5)P; &
MRS RS2 Z &b, PLC DIFEENHEE Sz,
T, HEALE Ins(1,4,5)P; BEMKFRICT A—"0D
EEIENEH T2 2 & LY. Ptdlns(4,5)P, DINKI R
BT A—"OMIGEBNIBE G LT\ 5D Z & ARE S
iz,
Binfru—=17

IHFLE PLC By y. 8D X RAA TRESHTH
L7 2 BEAINORRE LEME T 7 A ~—2 0
T. ¢cDNA Z#fl L LT PCR 21T-o7-& 25, 118
bp @ DNA Wi 3G Hitc, ZOWBEERSIZ S &I
3’RACEEB L OV S’RACE EEITV, B 2R %2E
et HEE SN BESNESZ, /Y TayT o
12X 5 mRNA BB 2Tl 2 A, T A—N
RNA O L— 2D RHH) 2.5 kb IS T ANLEIC S 7
FABBE &Nz, ZHUIHBEL 7 cDNA OH A X
2544 bp LIFT—H L., BONIZBEETHRT A—/H
KDMBEEW THDH Z EIRBEINT-, GoNTE
f51% Applc (Amoeba proteus phospholipase C) & 4
L7z, RIBE TR I, KR L7 GST-ApPLC (T
I3 PtdIns(4,5)P, MK S S DFAE LTz,
ApPLCIZHIHDOPLCTH b

ApPLC OF X/ Bl 5125\ C DDBJ @ FASTA
TR LIZE A, fixd PLC EMHEMERH -7,
F72. ApPLC ©7 I / BB OV T Pfam @ K A
AU —FETo7c e TAH, NKIHIND C2 RAA
V. EF AV EREF =T XY RAAL Y, C2 KAV
EROZEVNRINT, TP L, WHLE®MD PLC
TAY 7 —LIHFEETSD PH KA OV
C2 RAAUBFEL TV, C2 RAA T Ca?'ik
TFHNCY VIRERICH ST 22 ERMmbNns KA A
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YTHDLM, BUEETIZ, NERGMIZ C2 RAAL R
FET D PLC iIHE SN TV, T7hbbh,
ApPLC I3##ld PLC THDH, £/, ApPLC ® C K
WAl C2 RAA 1L PLC 77 2 U —D C RIRITAF
T2 C2 RAAL LV EMEERH - 7223, NARER
DC2RAALVFIPLCOC2 KAAL XY, =%V
A F—=VRZEET D Doc2 RV F T RE T IV
D C2 RAA » EMFEMERENZ &R,
PtdIns(4,5)P, DMK 53 FREEY) T 5 Ins(1,4,5)P; DIE
AN X VEBPSIERE SN EnD, T AN
DOHINIEENC 1T PLC OIFHALABEE L TWnDH Z &M
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i< R S, MESR) & OBMRITELEAH TH
D5, Fx L Amoeba proteus HL=—7 72 KA A
MEEEZ SO PLC a3 — R 28R FE/n—=
7 Uiz, 4%, ApPLC &7 A — "OFMIES) & DH
HAZOWTHIT L TV E 720,

[3C#R]

1) Kawakatsu, T. et al. (2000) Cell Struct. Funct., 25,
269-2717.

2) Rebecchi, M. J. et al. (2000) Physiol. Rev., 80, 1291-
1335.

Paramecium caudatum (23T D AKIESMCOMMBaEEIZ B3 5
BRI

ek K, FHIEE ERERY - #HT)

Genetical research on cell proliferation at low temperature in Paramecium caudatum

Hajime SASAKI and Nobuyuki HAGA (Dept. of Biotech., Ishinomaki Senshu Univ.)

SUMMARY

The question of how paramecia survive the winter season involves many interesting problems in the fields of ecol-
ogy, physiology and genetics. Using growth experiments under low temperature, we have examined the importance of
heritable characters for both proliferation and survival. To elucidate genetic effects on cell proliferation and survival in
low temperature cultivation, we have examined the acclimation effect, a short-term physiological adaptation, by chang-
ing the cooling rate leading to low temperature cultivation. Two proliferative lines (KNZ2S1 #24, #26) showed growth
curves after acclimation treatment (20 days incubation with a cooling rate of 1°C per day from 25°C) similar to the
growth curves obtained in rapid-cooling conditions; and two non-proliferative lines (#11, #22) still showed no prolifera-
tion after acclimation treatment. These results indicate that neither proliferation nor survival under low temperature de-
pend on the cooling rate. Average survival ratio and average proliferative activity in the progeny of a selfing conjugation
of KNZ2, the original low-temperature proliferative stock, showed positive correlation. However, we could not obtain
clear segregation ratios in either proliferative ability or survival in these experiments. We must therefore consider the
possibility of genetic complexity underlying the mechanisms of low-temperature acclimation, and hence the wintering

mechanisms.

[(B#I] P. caudatum DA 508905175 LT,
IRIR S T O MU EESEEE ) 12 B 5 IBARHY K % 7K
ROEBROIEMEL LT, SMARREOKT LESH
7R IR E O T A AT RE IS 5 % D B A IRIE S
T (5°C) 1Z2361F 220 H 5l f HE 5l 2§~ 5 F1T

Ko THRIT 2 & &I, P caudatum DAKIRIEFHEGE
IR BEEFEARFEEZRARDL 2 HE L, RE
BRCIXARMHDP. caudatum% N EFVURIRSE T C8%
L, B A LR L. BRSO THRMVK
BEFETTCED LS B E RTNEFD Z
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LT, HER OB A BET Lz,

(#% & AE] AR L2, KNZ2 &V 5 (KR
ST THEWHIIRBETHAE ) 2 FF ok O B RS
Yo TEYVH LTk, KNZ2S1#11 - #22 - #24 -
#26TH B,

FERA - ORI E O T ARG IC 5 2 5
W RN EHR T, OFBRIEEN25CH 24K
MECICTOETFT LT A FaX—=F DRNT
LA R B e s 2895 2 IV C20 H S8 L7, @5°C
T20H M2 L, T OMIERE S & A TR E T
720 (QTIIEEBKIIIBICIEZ LT, )

FEBB : BMRIREOR T2 EBCR T, HE
IREE25°CH B R TRR@IC AT,

KRR E HIZ2SCTRARS A MG L7, ERodE
B a A, IRIREEE20 B ISR T 5 EH AL
Mtz S, MO T4 27 T 7IcF Lz,

[(BREER] ERAL LUBIHIC, KRIESLMET
TH24 - H26IFEIHATRETH D . #H 11 - H221FIF &
WEBIET 5 N TERD ST, ZOZE LD,
IRIR ST COMMBEIERE S 2R X 2B D ERFR &
LTIHEELLDERRBANTHD Z LRRRI
7oA, (1)20F ICH T DIE MR, (i )ERA
CTILHIA I EBRBR AR A 0 AR E D DITK L,
BTILEBRBIAES B0 IR A ME D, BEEE IZA

X0 RV Rr&onoMESbL LN, Lk
DOFER IV, EBRFERNH D E TORFRM2E < M
MO BIRNE WD mhD, BOERREHWTLL
BOEREITH Z LT LT,

WIZ, KNZ20 B RBEAIT & » TR BN 7= 1-5R40%
FNZ OV TRIR S T CORMMEEIHEE S 2 R~ 7=,
IRIBSAE T COMBEMICIT e EHRIRTHAE
FCEDLRNEDHS DEADLEL L E 2, 200
MBI 5 FHEFERICHT D FH R E K E 7
Ty L7 T T7EER L, ZORE, STz
%20 H [ O SR A7 3R & Ty S a1 EL & o RIS
WIEDHBENGH D Z ENHLMNIRoT, LvL,
BB R BELIC ST B Z E Rk o 72D
T, MESRMECTOLEL - HROBIITITEAE LY
HOBRTFNES TWAEOTIERWNEEZLN
Do, £IT, #20BAFRESITL DT HRETRIERS
L. ZDOEESMETICR T 2 MIEEHTHE /12 >\ T
R A, BHTHDHHER LT LR &
RTFRBHBLLT,

P EofERIZ, ZhE CTRIBSET ToAERE
ICDOWTARBZR SN E D5 T-P. caudatum D EEFEREIZ
B LTl 2 Ol R DB RA EIR O BEEME L W H
AR EET I 0 THY, 4%, Aok
BAN= AL EBRT 5 ETHZofIERitEINns
REFFETH D EEbND,

MR T CA— b I = RBINIER T 53V EAY DY AV D
HIRIRIRIE UL D 3B

mARHE, FRERE REEK - B - YR

A new type of temperature sensitive mutant of Paramecium tetraurelia that has long

autogamy immaturity and short clonal life span

Yoshiomi TAKAGI and Rie KOMORI
(Department of Biological Science, Faculty of Science, Nara Women’s University)

SUMMARY

We have isolated a new type of Paramecium tetraurelia mutant, named d4-312, that has a long immaturity period

until autogamy. As such a mutant, we previously isolated the stock d4-RK (Komori, R., et al., 2004). These two mutants
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had some additional common features such as dependence of the occurrence of autogamy on the temperature, involve-

ment of a single recessive gene, lower fission rate and shorter clonal life span. However, d4-312 was considered a new

type mutant distinguishable from d4-RK because of their different natures of temperature sensitivity. First, the tempera-
ture at which they resembled the wild-type phenotype was low (19°C) in d4-312, although it was high (32°C) in d4-RK.
Second, the clonal life span of d4-312 at 25°C was similar to that of the wild-type, but it was extremely shorter at 32°C

than at 25°C, although it was similarly shorter at both temperatures in d4-RK. Third, the difference of the fission rate

between the mutant and wild-type was greater at 32°C than at 25°C in d4-312, although it was similar at both tempera-

tures in d4-RK. The age at sexual maturation did not correlate, within species, to the maximum clonal life span as pro-

posed among species.

(Ba9] D ORERMIZEED 14 FICHHIT
(T=aW'"™) | W7 A N —RK3H D, 20X
I, FHfr To. MEAREVE TORRE Ty, OIEOFEE
H Tp 72 CRE2 ZREERICHEA TE HO T, HIZIE TS
Ty=—7E. T7hbb IEYOHMIERAE TORE
MICHBIT D) &) BEmRAE N ND, FEBRZ DE
FRIE, WL D OB HRIH? TRENICHRNLT D Z
ERHEINTND, FaeBRICHHELI-T Y E A
VU LT OREFFMIEIRE R d4-SLA (jumyo
E) TIEHA— P I—RBIABEMRL T A8,
A — NI —RAHIE R 2RI AR d4-RK (rie &
E) TlRZu—rHEMBEMHLTWEY, Ll
rie WG T INFMOILERIC BB > T2 alfEE 2 7
TFLYINZR o Tl HEAS— NI I —RAMT
EROERERMAE DL, 7 v— 2 Fm & OR%
ERHRDZEEEHME L,

(M EARE] MBHII Ve AY DU LD 51 k
(BpERR) &, BEEfroldic~v—h—L LT
nd169 % RTEIZHD dAN-527 ¥k (R VU a2 & b
THE) AWz, EARERFNE, 4 — N T I —F
B orsun—=v 7l WELEOE, 9 B - 18
[\ 27 BB O A — N H 2 —FH 25°C T 0% -
0% * 30%LL F&EW I FFE e Ly v— 1 %580
L7z, ZD#%, dIN-527 Bk & DG &, Ziichi<
F— "I —=THETFHRIZONWT, v— I —E LT
T 1l SRR LIS DO W CRIBMRIT 21T -
Too EERIIANZ T U THREO WGP ZHiKE =Y &
L, B8 BBET T, & 10-15 7 72— 220
THEERE O MM 2 ED, HEEg oK L
F ¥y —NEEP ot &I —bHI—FR (K
MmEGE R TMROEE) 2, sr—rF
i & SRR A D E R, EnER 2 DoY)
Trua—rnbib 30 re—ri AN, 7 a—
CVETOBEXBZEFLENL, RS EEEZYT

n—2TCZEDIn—r2RFSET,

[(#ER 2] 2HRERAINHEE LT- 4718 70—

Ih, BBIEREE S L2 1 ER (d4-312) 2457,
—HA Ry 7 L LTHRIELEE, SDT 100%4— k
HI—=INTFx—%>2 0, ZOROHA 2RI
DOWNWTCHIRTe, TOMRRELITO 5 82>\ T, i
438 L 7- d4-RK Bk & B O Z R Lz, (1) B4R
WA — b =B SHmNEL, 0%
LAERMEORE RFELE R L, Q) A— MV I—
FHERPIEHREEIC L o TRELLLH L, 3) B—
DOEVEBIBT OB SRR ST (rie-2 L fd L,
JeD rie & rie-l LTHTZ) . (@) HWT a—rFHm
EL ) BWHEEERE AR LT,

VL ED X9 pdamihic b b B9, rie-2 & rie-1
EIIBIRBETTH D LM LD, d4-312 B
d4-RK B & I3 MO RRERZEEZ R LD L
2%, 12, d4-RKEEOA— b A I —35iE% 320
C TIEESN=DITH L, d4-312 B TiE 32°C THIH
Sk 19°C ClREE Tz, HF I, d-RK KDY m—
VFEMIL 25°C TH 32°C CTHEFARRICHERFEREIC
BME L7=oicxt L, d4-312 BRTid 25°C TE AR 22
DU a—rFaEa LR S 32°C TIHE LML
7o H=IT, d4-RK BRO S EEHE L 25°C T 32°C X
VIR T L7=Dloxt L, d4-312 BTl 32°C T 25°C &
DK L7,

FxllohEx<T, Je—rvHEmeAd— b I—R
R OR S ICERT 2 RBARERKO S 1T- T&
7oA, AlEl 3 DHOZERERME Z O OLEE
FEE LTHRIET 2 Z LBk, Zhd 3 DB
2T, A= M A I —RRAMOIER L 7 v — 2 Fm
DFEHEE VI IBOREE R LT D, X<
LNTWD [HEYOFHa T E T ORI LG
T 5] LW HEANE, B OGS L THERT N
ThoT, BNTH/ a— L TCRHEHFELTLLY
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On the axenic culture of the ciliate Tetrahymena sp. found in a dead mosquito larva

Yuko HISATOMI, Ryoko IWAMI, Ryoko MATSUDA, Yumi AKAGAWA, Masako UCHIDA and
Tadao TAKAHASHI (Biol. Lab., Nishikyushu Univ.)

SUMMARY

We succeeded in axenically culturing the ciliate Tetrahymena sp., which was found in a dead mosquito larva, using
PY medium (1% proteose peptone, 0.5% yeast extract containing antibiotics) at 23°C (Hisatomi et al., 2003). Under the
culture conditions, the cells grew logarithmically and reached the stationary phase at day 9. At that time, the cell densi-
ties reached 174,000 cells/ml. However, from day 11, some of the cells gradually assumed a round shape and subse-
quently underwent cytolysis. Therefore, the purpose of this work was to modify the culture method to prevent cytolysis.
As a first step, the population growth was examined in the following four culture media: 1% proteose peptone (1%P),
0.5% yeast extract (0.5%Y), 1% proteose peptone with 0.1% yeast extract (P with 0.1%Y), and 1% proteose peptone
with 0.01% yeast extract (P with 0.01%Y). In 1%P, P with 0.1%Y, and P with 0.01%Y, the cells grew logarithmically
until day 7, and their cell densities reached 8,900 cells/ml, 28,000 cells/ml, and 18,000 cells/ml, respectively. In 0.5%Y
the cells grew continuously until day 21, but the cell density reached only 7,000 cells/ml. It is clear that further modifica-
tion of the culture method is required, because cytolysis occurred gradually from day 22 to day 24 in the first three me-
dia.

[LB®I] Tetrahymena pyriformis=<°T. thermophila’s &7
FIEATRBOL OMPEENIIHEETED L
DEAHLNTEY, Turd—2AXF o (P) B
TX A (Y) & AT fEE A Ry s © SE 4G s
F T, A RSB SN TN DA 2k
b OMFE T, BEECE DL THBET L L
LTl THMAREDER>T WD, LinL, —
J. ZHETEEL SR TW e o o E A
kT2 THLWHECT 7r—FTE540%
AT L bAREL BN D, HxIFT1999F T
BRSO TSNz AT~ DL

PR TZIMWBT I AT ROIEERR L, =
OMEERIINI TV T 5221 CliggcE 2
W, B EOAERNEEX DI L THERETEDLZ
ERYIFRETHS TR 723, &b, E
WHOEFEIITZ A NEER LTz, BE, A b
TR R 2 E ISR TE 2 RIFM O TV
DT, AELZERFRERL LD L& 2T, FEE, A
ZPYH: M (1%P+0.5%Y) CHEEMICHEETLZ L
WCEEEh L7728, SERHNCE LR BiZi3man &
A=V EZITTHEL CLEST, T TIOME
FREEZ B T 0 DEFBRIEIZOW TR 2 T 21T -
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(MEEAZE] © MRADU~TORY 7T DRMEND
FERENTEZT T AT OREKRITL X 2R HE
(0.5g/1000 m 1) T % W (2g/1000ml) % I %,
2061CIT R o 7o, FE o, HEEAL L 2 REKIT1%
PHOS% YR HICHUAEME X M2 7o b DITH %,
23£1CICE D, 100 Z L ICHREFEH L=, EBRT
X, 100mlD =/ 7 5 2 2 230mID R 2 A, T
k7 & A IR W R 5 3 2cellsmliZ 72 B & 9 1T
MERALRTFR D DEERE L, 23+1CICfh o7z, £
%, 1B H, — 8 0 MR I A e AR
L. 77 VRIECHEELZDL, X — AR FERBAM
BEO T TR Z AV TRl HH R LT,

(EREEE] AT TV T, BN F 2%
Mz TV & 23K CIEBIEE L2y, B &2
Z T H RZHIE TR L, EEHITIER92,000cells/
mlUIET 5 ZoOMERE, 1% PH0.5%Y 5
BT LRI E TEZ D Z T Clams L
D L L, Z OB T I & 112 13174,000cells/ml
ICEET S, BEEELLA BT REEA E U, e
BEIRAICEE L, T2 CIoMBREE TX 5
FPUTEBLED, FEBCIEZERNELTPEYD
BESCLEREZEZT-LEOT M7 AT OHEIZS
WCHlR e, BB LTPLYDRELAZKT S
7205%P+025% YR TlX, BEIHH E T, 1%
P+ 05%YHH & RIS EmMICHmE L, K
20,000cells/mlIC 3 L7z, ZDOHA. MIREIT17H
FCELEDLIENTE, KRICZPEYDIEEZ,
1%P+0.1% Y B L '1%P+0.01% Y CTH#ETH &, 2
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NOHTHTAHETRENICHEIBL, ThZh
28,000cells/ml, 18,000cells/mliZ 3 L. % O % & 7
Lleote, Z U CHEmREEIX2H BLARRIZ/Z2 5 £ T
B bmol, EBIT1%PDAH TH®E LIZHA.
R U< 7HHE ETHEAICHTE L7723, 8,900cells/ml
ERITEICHE AR THEMMNE T Lz, UL, AR
IXFERIC24R B EROELZENTE R, —
JF. 05%Y DA TIH21 B F THEHE L 2317228,
7000cells/mliZ L7 B 7oty ZTHH DT &
O, IBICE Y EYRMIEAELZEZ SRWLEL
TEHUC DWW TBE LM LT D, TDOX DL
LIRS A TSI LT BT R MR RE I
DNWTHRLTETH D,
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Encystment-inducing factors in Colpoda sp.: Cell-to-cell interaction and effect of

components contained in exhausted medium

Takahiko AKEMATSU and Tatsuomi MATSUOKA (Inst. Biol, Fac. Sci., Kochi Univ.)

SUMMARY

Cells of the ciliated protozoan Colpoda sp. gradually encyst in stationary phase culture. Candidates for encystment-

inducing factors could be as follows: (1) an increase in cell density; (2) molecules accumulated in exhausted medium; or

(3) a decrease in encystment-suppressing elements contained in fresh culture medium (cereal infusion). We found that an

increase in cell density up to 3,000 cells/ml strongly induced encystment, and replacement of the living cells with poly-

styrene latex particles (PLP) or glass particles also induced encystment. Cell-free exhausted medium also showed strong

encystment-inducing activity, and boiling destroyed this activity. These results indicate that factors inducing encystment

of the cells during the stationary phase include cell-to-cell contact due to an increase in cell density, and molecules that

are unstable to heat which accumulate in exhausted medium.

[Fi#H] MEBRaLR—FDT X MulZ, CaZ D
WEED LR @R 770 ICX->THEHEESHh
LD ARSI T B 87 7 U THERD S TR 5%
(FEREW) [CEENIELT 4V ALBEHIZ L
DIBIESN D ENngo TS, —J7, EERE
BEOEHHICEL-aLR—FTC Tk b 2
MEFEEZITHRS THLY A MNEESEE D, 20

BE. YA MR EHETORFL LT, 1) Mk

BEO RS, 2) BRIEF~OFLRE T OZHE,
3) BEEIRICAFAE Lz A MEIHIR - DiE RN E
26D, A TIE, ik L7z 3 >DORE D AHE
PEE G L, EEEREZICE X2 R MEFER
T ERAC X 2B e A O E RS
SO W ES K (Exhausted medium) FIZ& D
BARBRERM D THDZ L ERA LI LT,

(MEEAE] avFR—4% (Colpoda sp.) X, /NI T
U7 (Enterobacter aerogenes) %A Z )72 ZHER H
R (0.1%) THEE Lo, & FEBRIQITFAE L TRIR
A RMDPBHY A MNFE UM A Ao, s
EOY A MNERICRIETRBELR I AF L FT v
7 ARLf (PLP) SO FIL T DR BEM D545
X, EHEMOMEE S IBREBE (1 ml) %R
(EfE5em) ICANTBIEEZITo70, ERICHEHL

72 Exhausted mediumi%, i A MaFE A5 3 H R
i L72RRIIR (131F100% D v A MERB X2 D)
I TR T 5 2 12k > THEZ WCTRTE .
BEEBERERB IOV A MNEROBIZEIX, B R NF
NG YRFHEIAINICHL S 2 b L7cfiila% . 20mld47
A MRKRZEANNTZH T Ay — 1L (K@D ER
45cm, S 4deom) (SRR L, 128ERE O MBS A
L7,

(MEREEE] (1) MIRBEOTE  TriskE iR
(0.lmM Tris-HCI, pH 7.2) i, =L (1,000 g,
Imin) ([ZLVEDT-MIRE R HEECTEB LY
G, KB E (30 cells/ml) TiE, 8FEME ClTIiF & A
EVA MNEBITFE SN2 o720, EEE (3,000
cells/ml) TITHKBO% D A MmN HEE I NI, =
D XD ey A MFERREAINERI B ST e m
KOS FICRNT DNENED DI, @ ER
IR (—BEER) 2> AT RIS IS 2K TR
W2V A NFENREFARTZ, LoL, 20 ki
FY A NBENRE RS R o2, LEETZHEONR
PYIZPLP (E&E25um) °H T A —X (E£E45
wm) OFEEEBREBIRT CHLHEER YA MERBH
WIXNToZ MG, a0 NI R IR T I i [
T OWEFIBEMS VA MR OFEICES L TW5
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EEZLND,

(2) Exhausted medium "' 2 77 7 9 5 ik 4 :
Exhausted medium ' Zfiis A b &¥/ma R —F %
SRS 5 &, RN A MRS TS S 36k
DIPICIZIE100% DAL 2 ME L, HlHsEi3E
LRI BRI oTz,  CHER ZEER MR IR
L7235 6 13100% O & A MMEAZ 25 2 KRy 13 72 0F
) o —J. $5 & Wh L 7= Exhausted medium i &
R OBIMT RIS S iy, A MERFEE
BERITE L <Ml S (728R TRIS0% D v R b
) . Z OfERIL, Exhausted mediumF IZTFET D
RLERY TNV A MR OFEER T & L TE
TWHZEERLTWND,

(3) BEBIRICAEAE Lo A MEIHIN T o
XK HiE e RIER MR BERIR) oS (BFDH
KAENT 4V AEW) PRI ST T
U T HRDRI IS A MeafT 23, Liziio
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T, EHFWLEORIR T CIEZ o X 9 223l K1
DEFE (BRE) METLTWEbaniy, £2
T, T TR MERIMBIKRF & LTHabHRTWNDS
Sy muaz U MU NEEEHOMICEN
LT R MERBIH S D008 5 D E i~ To b3,

M RIZ A SN2 oTn, Tio, BEEBREH3HE
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Screening of the gene controlling mating type in Paramecium caudatum

Chihiro SATOH, Kohsuke GONDA and Mihoko TAKAHASHI
(Graduate School of Life and Environmental Sciences, Univ. of Tsukuba)

SUMMARY

In Paramecium caudatum, when the Odd (O) mating-type and Even (E) mating-type cells are mixed together under
appropriate condition, they make mating clumps that called mating reaction leading to conjugation. The genes control-
ling mating types were investigated by cross breeding analyses and proposed three gene hypotheses (Tsukii & Hiwatashi,
1983). According to this hypothesis, co-dominant allele M¢ at the M¢ locus determines E mating type, and MA and MB at
the MA and MB loci determine O type. However, little is known about the substances controlled by three genes. Here, we
report two attempts for molecular identification of genes involved in mating types. One attempt is the cloning by comple-
mentation cloning method. First, we tried to find the proper restriction enzyme for preparation of sub-genomic library.
When E' DNA digested with Dral was microinjected to E* macronucleus, only a few recipient cell lines expressed very
weak E' type. We are searching the better restriction enzyme to prepare the library. The other attempt is differential dis-
play method for screening the genes involved in controlling mating types. Comparing the band patterns between mating
reactive and non-reactive cells, several bands that expressed only in mating reactive cells were detected.
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55, M THWDETEM: & 7R T recipienth3 1 H 72
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A role of mitochondria in programmed nuclear death during conjugation
of Tetrahymena thermophila

Takashi KOBAYASHI"?, Hiroshi ENDOH! (lDiv. of Life Sci., Grad. Sch. of Natural Sci. & Technol.,
Kanazawa Univ.,” Inst . Mol. Sci. Med., Aichi Med. Univ.)

SUMMARY

Protozoan ciliates, represented by Tetrahymena thermophila, have two morphologically and functionally different
nuclei in a single cytoplasm. One is a germinal micronucleus and the other is a somatic macronucleus. During conjuga-
tion, new macro- and micronuclei for the next generation are differentiated from a synkaryon (fertilized nucleus). Once
the new macronucleus is differentiated, old parental macronucleus begins to degenerate. The nuclear degradation is so
similar to that of the nucleus in apoptosis or programmed cell death (PCD) that this is called “programmed nuclear death
(PND)”. The death process is divided into three stages, depending upon the degraded DNA sizes: 1) Initial generation of
high-molecular-weight DNA fragments (>30 kb), 2) oligonucleosome-sized ladder formation, 3) Eventual complete
degradation of the DNA. Previously we identified caspase-like activities in PND. Here, we show association of mito-
chondria with PND using two mitochondria specific dyes, DePsipher and MitoTracker. Mitochondria are incorporated
into autophagosome together with the parental macronucleus prior to an entire resorption. In addition, we demonstrate
that mitochondria retain a DNase activity similar to mammalian endonuclease G. Taking the mitochondrial DNase activ-
ity and the timing of the autophagosome formation into consideration, we presently conclude that the DNase activity
might play a role for the oligonucleosomal fragmentation during PND.
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[#EREERE] I b= U T O DNaselfith 25572
O TetrahymenaffiN@RE IR 2 18 T LV 43l L, BLF
D5 >4y % A E L7z, 4 Hl:post-nuclear frac-
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Analysis of non-coding regions in the micronuclear DNA of Paramecium caudatum

Shizuka KAMII' Ikuno TAGA?” and Kazuyuki MIKAMI'
(‘"EEC Miyagi Univ. of Educ.,”Sendai Shirayuri Gakuen high-school)

SUMMARY

Paramecium caudatum exhibits nuclear dimorphism. Each cell contains a germ micronucleus and a somatic macro-

nucleus. During the conjugation, micronuclei underwent meiosis, followed by reciprocal exchange of gametic nuclei and

fertilization. The zygotic nucleus divided three times. Four of the division products differentiated into macronuclei. It is

known that chromosomal rearrangement occurs during the development by the caryonides, that is, the third cell cycle

after conjugation. We analyzed the upstream region of the pap gene to elucidate the structure of micronuclear chromo-
some. When the micronuclear DNA amplified by inverse-PCR with two primers, which was designed according to the
macronuclear sequence of the pap gene, a 6.5-kbp fragment was obtained. This fragment contains two ORFs (0.7-kbp
and 0.6-kbp), and non-coding regions (6.5-kbp in total). Consequently ORFs were not clustered close in the 6.5-kbp
fragment, through six ORFs were concentrated in the 6.5-kbp downstream of the pap gene. In the non-coding regions
other than ORF like region CAAT boxes, GC boxes and TATA-like sequences were found.
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Studies on water accumulation by contractile vacuole in Amoeba proteus

Eri NISHIHARA, Teruo SHIMMEN, and Seiji SONOBE (Grad. Sch. Life Sci., Univ. Hyogo)

SUMMARY

In fresh water, the osmolality of the cytoplasm is higher than that of the extracellular medium, and water always
enters the cell along the osmotic gradient across the plasma membrane. The cell volume of protozoa is controlled by
contractile vacuoles (CV). However, the mechanism of collecting water into the CV is poorly understood. The present
study is aimed at elucidation of the mechanism of water accumulation by the CV in Amoeba proteus. CVs released from
cells were analyzed in vitro. When CVs were treated with a hypertonic medium, their volume quickly decreased. This
result suggests that the CV membrane is semi-permeable and that fluid is collected along the osmotic gradient in vivo.
The water permeability of the CV membrane was calculated from the rate of osmotic volume change. The value was
high, suggesting that the CV membrane is equipped with water channels. To observe CV dynamics in vivo, living cells
were vitally stained with FM4-64. It strongly stained the plasma membrane and CV. Just after systole, the membrane of
the CV was flattened. During diastole, a part of the flattened membrane expanded to a few vesicles and they fused with

each other before reformation of CV.
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Generation of extra contractile vacuole complex in Paramecium

Masaaki IWAMOTO, Richard D. ALLEN and Yutaka NAITOH (Pacific Biomedical Research Center,
University of Hawaii at Manoa)

SUMMARY

Paramecium species normally have two contractile vacuole complexes (CVC) in a single cell. However, the number

of CVC per cell (Neye) increased when a hypoosmotic and/or a Ca*"-rich external condition. The CVCs of third and after

were generated more remarkably in starved cells than in growing cells. The generation of extra CVCs was independent

of a cell cycle progression, while the replication of CVCs occurs only when just before cell division. In the cytoplasm of

growing cells, there are two clear regions that are prohibited to generate extra CVC, and the replications occur in these
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two regions at the same time prior to cell division. In the cytoplasm of starved cells, on the other hand, these regions

might be canceled, and then extra CVCs could spread along the dorsal axis. The Ncyc is larger in the bigger individuals

and in the bigger species.

(B8] IUHENME A 1K (contractile vacuole complexes;
CVC) &, FAEEMIROENDER AN TR T T,
MBEBANRZERGHET EEZEZ DN TV D,
Paramecium)g& DL B I, — %I LI 2 @D
CVCZEE DN, KEFEDP. multimicronucleatum TIX
3 LA EDIBRI 22 CVC E FE DML D IFAED F1 & C
WhH, Zok D i, MSRRHCRIT HCVe
DERRLHE DT — I L > THET 2 H A DA L
F o T —RIFEERON, Fi2id, MizXizv ocve
B (Neve) ZREMAICZELEE D L AR DD
By THHEHOLMNIT D20, NeyeDEMH
RONB ML, @RRCVCEKOBAMEIZ SN T
T,

[(# % & ABEK] Paramecium multimicronucleatum. P.
caudatum$ S OP. tetraurelial 3 & A B EE L CHE2E L
Teb D&MW, BUGEET 5720, SEHTEE 0
Ml & AR ERIK (2 mmol I KCI, 0.25 mmol 1" CaCly, 1
mmol " MOPS-KOH, pH7.0) T 2 [, [FHLK
I PR L CsIR C12- 18RRI BB L 7=, FRETA
WOBBITIL., YIVE h—LEEINT 52 L T4-144
mosmol 1ZFHHE L7z, CVCHERRAHURIC X 5 ey
@ik, M ZE3.5% (wiv) RILAT LT E RT3 0%
WIEE%, 20°0CHOT &~ T2 0 Ml L, SS-1
mAb (anti-smooth spongiomes, IgM)C 1 R PLAMLER L
72o SS-11XP. multimicronucleatum \Z 21T 5 7=
B, MDY 7Y A IZIEDS-1 mAb (anti-decorated
spongiomes, 1gG) % 1 ¥k#Hifk& LTHEM L7z, Th¥
N 1 RPURIZ %9 5 FITCEE R 2 IR THLEL L,
PBS T4, WS =N Biisss CRIZE LT,

[($E R & E%] 4 mosmol 1" DIBMEIRIFICIEIE L 7=P.
multimicronucleatum D HITIE, NeyeS 1 M6 70
MRS TE(E LTz, 3Ll EDEE 7eCVC % RO i
DEFPFIZE D 2EIE X, IMNRORBEDE, I
FOCBENE VA ICHRICHM L, 72,
IHERE (CV) 720 DEE T OT AT — A
(Nra) 1. BEOEHIEIC R T 59.0£1.575 5 11.242.2~
N L7z CVCIEK & TN Ca® D HEH 21T -
TWDHZERHEBIVTEY 2, Neve & NeaNEINT 5

ZETEVIEWHIAEREE =T, KECa¥D
ECVR B, BRI WBRIC R D & B2 bV D,

WH L MY ZERTOCVCHE T, BEfFED 2 Mo
CVCORIFIZ 1T 2 2 [l [FERFIZ T4 5 DIk
L. MREICVCIZZ < %6 1 T >Fk i, 20
BANIBEFECVCORTFICRE L TW Aoz, £
72, BEICVC O AT ZUK AT, ALk
SCDNAA R LERNC &> THZUE IR LZGIHII TS
o, ZhbofRIZ, Miaasslaio)rcveo
BERL L BFICVCOTE RS 272 D TR S Tuv
HZEETRELTND,

DETINATON D WFICVC O I T
b RONTZN, SEER LRIz W T E D
PFECTh ol HHMIAER IR T 2 BRBICVCRA
MIOFAITRI0% T, 0L IE3HOCVCE
FoTWih, —JF, KIZEE T OHHMBER T
X, EEICVCIRAMIZIZS0%E B 2. 3-5@aCcve
ERFOLONELL R bTz, MENIZEIT 2CVONL
B, B IR T G FR 35%)
LB (81%) 1245 D B — 7 MBNAELE L. Al Al
(19%fFic £ 0 #ii5) &Mk R (62%f1ir) (ZCV
DFIE LW D B 5 Z &L BN o Tz, CVASAR
LRz ok, MiasancililIan s
CVCOFCVNIET HEFTE —FK Lz, Lizdo
T, HHEHAE ORI, RCVCHE LT EHALIZiE
RICVCORL & FLIE T DN A2 3 5 & TS
B, —JF, HUEMAR CIXEAEARIC W S N CVO R
RSN WEEBICHT - I fmoE— 7 BB L., CV
IS RSN > TR FE LT, ZOfE5E, 8
B K i oD 368 /I CVC T B A& Bl 9~ 2 B 23 LA Ak L
Ko TSI L ER LTV D, HLERHIIEIC
TER S 7w FICVCIE, M2 X > T
SELEND Z LA MBENICERT S, bz
& D Neye DB HERMILIZB W CL VW BEETH -
RKEEZEZ BN D,

WIZ, Neve & R OB EZ N7, oaMEIE L
7= P. multimicronucleatum ClX Neye D K & WHIIEIE &
KECH T, ZOEAITFEM OV A XEITB N T
H R LI, WBEICVCIRA MO HBLEHEE X Nyl
I KFEDP. multimicronucleatum The H K& <, IR\
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1) Wichterman, R. (1986) The Biology of Paramecium
(2nd ed.): 1-59

2) Stock, C. et al. (2002) J. Cell Sci. 115: 2339-2348.

TP. caudutum, P. tetraureliaDETH 7=, T DFER
1. Neve D B0 23 KB AE D [ HEBE 38 i fE &
SN, Ca' 7 RN EBEY O H e 2 PE & 1]
BICTHEWVWIZBEZEZIFFL TN D,

BT D~ AT 4 IR~ H 87 E O A b0 fEAT

BINGRELDS, =g RUT v« =5 B2 RARIT, YN
(ZmRALTK - Bt - HAEAKRE, A —2 b7 Y TENK - EFFAIFET - MM A4)
T N—T CHER - B )

PhytophthoralZ

Immunocytochemical analysis of the mastigonemal protein in zoosporic
plant pathogen Phytophthora

Mikihiko ARIKAWA" >3, Adrienne HARDHAM?, Terue HARUMOTO', Toshinobu SUZAKI®
(lDept. Biol. Sci. Environ., Nara Women’s Univ., *Plant Cell Biol. Group, Res. Sch. Biol. Sci., Austra-
lian Natl. Univ., *Dept. Biol., Fac. Sci., Kobe Univ.)

SUMMARY

The stramenopiles are one of the main groups of eukaryotes and characterized as having hair-like appendages called
mastigonemes on the surface of their flagella. It has long been thought that the mastigonemes play an important role in
cell motility, especially in flagellar function. There is, however, currently almost no information on the proteins that
form the mastigonemes. Phytophthora and other Oomycetes which belong to the stramenopiles are known as notorious
plant pathogens which cause the worldwide devastation of plant diseases. For most species of Phytophthora, the motile
biflagellate zoospore is the main infective agent, which is responsible for rapid dissemination and initiation of infection
of potential host plants. In this study, as a first attempt to elucidate the function of mastigonemes in zoospore motility at
the molecular level, we have tried to produce monoclonal antibodies by immunization of isolated and purified flagella of
Phytophthora. Consequently, we successfully obtained antibodies against various kinds of zoosporic surface compo-
nents. Immunofluorescent and immunoelectron microscopy using the mastigoneme-specific antibody showed that the
antigenic protein scattered throughout the mastigonemes, not on the plasma membrane or inside the flagellum. Further-
more, the antigen was also found to be localized in a certain granular organelle in the cytoplasm.

[BEB] AT RA I RNANVEMHICET D FoTkh., HWEOHRE L WETOEEMEIZBNT

PhytophthoralZ, W&JAWFEFE ORI %54 L CEIEN
BEREIEREIFILETHOERTWVDY

Phytophthora DJEYL T B TlEE T CTh 5, WEETIE2
RKOMEEZFF > TWVWDHTEDEWEHEZIK Z L 23F]
RRTHY ., Z DOWFETOEEE Z % 53 Phytophthora®
16 LR OB WIEH A "THEIC LT\ %, Phytophthora
RZ DD Oomycetes e & DOREY)IF IR B Ol A 11X

B~ AT IR~ LIRS/ EEWEREIC

BEALAHEEZLTNDLEEZLNTVD, Lﬂbﬁ
m% W 7 D YE B AN KR YR DN & BEEUT

ICEETHIITHED LT, 7Z74:%7®%W
B R BREDERL - Tk O, MIRED) Ik
T AEEEFETIZE A EH NS TR, £2
TARMFIETIL, EE T OB, a0k
VAR Al hU57X74HZ7®@%% S R 2
THLNZTHZEEHME L, TORMBEMIEE L
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T, VAT 4 AR TDHE 7 v—FLHIRD
VERL 24T~ 72,

[A&] 1% % PRk L 7z Phytophthora nicotianae
BRI WABKCTUET S Z Licky, HETOR
B - ft 2 #5872, LICIETE F T D RIEIC X -
TR D T2l & T2 INE L EACYE IR % N 2 CTIRiE
L. voltexiZ & 2 BBl Cilf & 7D v A Mua
HLCHEOHYEMR LD, BUOLEDIC X - THilR
FEBLIPU R FEBRELEE, ROENNIL > TH
BMIEZ 157, 2D E2~ Y XCEHERE L, o
EOFURMOMERZFR T, MigHEE I = —< i
ROMAEEIToT, "7V R—< &S THE
b RIEAEAPUEE L, BB U TiRE
R X0 JRHE LT,

[(BREER] KWL TIX. PhytophthoraDili 1 %
VA MEIHDLZERSED, ThHOHEETID
WEZHEETSZ ik, MEET, BEofiof
M/ NeRE & IE L A 8GO RRE 7R BEEHE B 45 1 &
iz, WETZOLOERET HIHE LD b EMEE
TYRAT 4 ARYHRESDH L EHNE LT, Z
O LT-MEEDIURE L CREEIT> T2, T Ok
BB 2 v 7 R A RE R 2 v R
B, Wi R AR 2 R 2 BIC KT A HUERIS N &2
T, VAT 4 IRVITRFRINICHE G T 2 PR 2 84k
RS2 LITHIILEZ, ZRbDH~ AT 4 I3~
PURD 5 BB FEAMEO B WP EZ AT, M4
(LR F K OIS ARfRIT 21T o 7o, U= A X
7 uy MEFTORE, 20~ 27 4 IR<HIKIT
H—0Z 7B LA L, £D T RITHKIS0 kDa
Th -z, FEHREEZ AV CTHUR O RIEME 2~

|

=

TRER, JAEAALTATE RERLLAT AT E K%
& e[l E CEE L2 MRIc Wik, R T2
D2ROHWEDH L, AMEEOEXEICHFET H~ A
T A ARRIZOHPUERFEEG L, FALAT LT E R
B CEE L7 I 38U T, MR A BE AU
DEIENE S BB Sn, PURY VX7 BT E
P HIFIET D 2 & By no T, Wik T e fiiky
& U2 5A b R, MR PN ICBESCIR o063 8
BENZIENS, ZOBIIIIBIC AT 4 I %
~ ZURNTERERENTOWDZ ERH LN
Too PURY A7 BOREMEE X0 FEICR~ 5 72
O, AT 4 TYetaik b EEIE A G DY
FEEHWCEBIE 21T, TO/RE., kA
(protein A) Z#EG L7z &k 7 1% mi#ff =& & i (A7 7E
THYAT 4 Ix~ LICRBO L, PURY I E
W~ AT 4 I3~ OIS MBI T T—HIC
BELTWDZ ENShoT, RBEORRIL, E
BEEOAMATRAEICITHELNT, &5
12, AR YR X A B O R, BRI A s
RN IR T, MIRE T 0 B B TERLR
REEDONEICREL TV, ZOBISEMERIL, v
LT VF b RECREE LI 3T 5306k
BICEDBEMEL LTz, 2RO 0BEMNREC
X o T, SEELNIZHERIES T EK50 kDad~ A
T ARCHERL S R IR BRI HE S 9 D PR
ThHO, 5%, v AT 4 I~ OHE L HIEE DT
LRALTEET L9 X THEFICEATHL Z E0R
S,

[X k]
1) Erwin, D. C. and Ribeiro, O. K. (1996) Phytophthora

diseases worldwide. APS Press, St. Paul, Minn.
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Elucidation of the energy-supplying mechanism for ciliary motility in Tetrahymena
I. Localization of axonemal adenylate kinase in the ATP-regenerating system

Etsuko MASUYAMA', Ken-ichi NAKAMURA' and Hideki ISHIDA?
('Dept. of Health Sci., Hiroshima Pref. Women’s Univ., “Dept. Biol. Sci., Fac. Life and Environmental
Sci., Shimane Univ.)

SUMMARY

The function of adenylate kinase, which has been detected in Tetrahymena pyriformis cilia, is to potentiate the utili-
zation of ATP for motility. This study has shown, by low ionic strength dialysis (1 mM Tris and 0.1 mM EDTA buffer,
pH 8.0), that adenylate kinases associated with ciliary axonemes differ in solubility. Adenylate kinases were solubilized
together with other axonemal components such as outer- and inner-arm dyneins, radial spokes and the two central-pair
microtubules, and were further separated into 16 S and 4 S fractions by sucrose density gradient centrifugation. By na-
tive-gel electrophoresis, followed by SDS-PAGE analysis, the active band of the 16 S fraction was found to consist of six
polypeptides and that of the 4 S fraction of a few bands above 21 kDa. Insoluble axoneme components also possessed
adenylate kinase activity. Furthermore, affinity-purified polyclonal antibody against adenylate kinase from chicken mus-
cle (MW 21) was cross-reacted with the 21-kDa band from the insoluble axonemal proteins on immunoblots. Immu-
noelectron microscopy of the insoluble axoneme component suggested that immunogold-labelled adenylate kinase is
located at the inner side of the outer doublet microtubules. These data suggest that the three types of adenylate kinases
are located beside the axonemal proteins that require ATP.

[B#] EEMILOMEECHETE OB IATP 2 /K5y
iR L TR/ RV F — A 72 i 0 IC BT 5 2
LICk Bl ERIIND, ATPITESHIE DR IT
IMET A hay NUTTHEASHEN, 2 b=
Y RUT X0 NTEER R WESR IS o TFEET 2
HA = UBRICATPIRE 2 8 I T 5 72Tk, &
fiEPER D ADP%H ATPICHRIA T DR CH LT T =V
B —¥ (AK) ZEZFMA LG AT AR T
A = U METH D EEZBND, AT T
=VERF S — BN L ZBIRTIAfES 5 2 &
TRV | Tetrahymenaii®7 7 = VERY F— B 1L
fiR IR FEA LIZIREE AR L LTHEET S Z
EEWRELREY, TOREICOVTAHTH -7
3. 20044F Chlamydomonas?s ¥k % R T2 BF9EIC &
D, 7T VERF T —BIdS S A =, sk k
IZHEA LTV D0dasp X v N7 B ERA LTS D)
&, PR NER AT B & % ECpel (M r;

205 kDa) &7 7 =X —EEa—RLTW\5b 2
LB R ENHIE S, ATPIE DO MERIEFTIC, %
NENICTHE LB G 2 FBE-> T\ D Z & 3
BINnb,

ARIFFETIX, TetrahymenafliBHi-R I2HEA LTV 5
7T = VEER T — B OBl EORBIEE D M
W22 BRYT, o= B AL E DT K D B
RBAT T = VEEX T =Y OHIEE AW EE
PRI K DT 2k D Z Ll LTz,

[AiE] Tetrahymena pyriformis strain GL% KEE:7E L
TH®H, 10 mM dibucaine THEE & HilEL 7=, #iE%
0.25% NP-40% % > HEPES#%&/ifZ( HMEDKU&{K, pH
7.4 ) CRRIE L T3 7% % 0.6 M NaCIFERTE T304
HH L., S HICZ OB AEAKA 4 2 38 E O TEREEIR

(1mM Tris/HCI, 0.ImM EDTA, 0.lmM PMSF, pH
8.0) 1T L C—MuEHT Liz, =D EEZE525% > =
WERE B ) BLIE O (45,000rpm, 16hr)  LAYHR L 7=, iBHT
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B Ol R ILE T BEMEEREN M U7z, BT B
BHERIT, PURMEZ TE 2R TRFT 57201 %3
FHRNET VT v REETe T EREE K Tk 2 E
B, A L7z, MU ERE. T ey F T
—WPRCER A KPR KIG, &av A KRR
DIETHIG S, B YEEIToT, HRAKIZRY
DHURIEZ D RIHREREIEL TER L, 774 =
T4 —FR L7, Native-gel EXIKE), SDS-PAGE,
A LT vy MIEEOFETIT- T,

[BERBEUVUER] Tetrahymenaih® D A KiGMHED 9
5 %38/ ICFEE L. 0.6M NaCl% & $»HMEDK#E &
R TORMPEIETHE Y A = S 0kRE S -llsk
. BOAKEEEZREESREEETHDZ L
B, AKIFSAME S A =2 LR FEAE LT n Bz
HD, S BITEA A 08 O TEREMR C— BT
L7c Bif, R IC A RKTEMEZ RFE L TV e, 3BT
L7t ot QL) #E MBI CBET 5 &,

S, AR, AR—2 FL/NE, L NERR E
OFEIER Y 87 BREHR ST, 9% O E D INE
Dik->TWHORBEINT, I, L%
5—20% D = B B A EE Dy BEE THmT 5 &

4S & 16SIZ AKIEMED R H S, Native-gel #5 Pk E)
TEBITIARDIEE N REMEH LTz, & HITNative-
gel BRYKEIZ—RocHIC L, ZWICHIZ12.5% 7 v
B DSDS-PAGEZ{T-72L 2 A, 1 6SHKD AK
Ny RMPBIE, 6K EDOXRTF KA R Eh
72 4S HRDOAK AV RiX, 2 1 kDaz& A7~
TF RS SN T2, 16SH3E AKNY Rit,

T RIERATFTOREIZEBITS

EHERE S TRERAR Y X F PSR B2 & h
5. Chlamydomonas ¥l il 5% O 7L/ N 85 % 1 il 97
BORDART T KD H 5205kDa Depel (AKTEMEIT
RBE) VICHEELL WD EEXBND,  Tetrahy-
menafF BB N TH, RN A Y XS F 2R
T 5165 AKIZH L/ INER Th 2 TREMEN b 7241 D,

ORf DJEL/NE D EDELICAK B> 7 L7 g
DREL T DO EMmET 27201, =V RV H
AHRDAKDORY 7 o FAGUKEZER L, 774 =
T4 — R O%, JFALNEOHROHSRIC KIS S &
720 SDS - PAGE, 7 =2 Z 7 vy NI XAHMRHTIC
Lo, HAMREOAK NV R (21 kDa) #3383 521
kDadD /N> RWRFEH % OfRICH D Z L BHEID D
Nz, EETHESIC L DBk, B/ hED
EICABITTICAKPURICHE G S 7o@&a v A RORL
RN DN L TWDABMBRE LTz, filskizi
BEIZREA LTV DAKIIABEX A = ATPase~DATP
AR TV D L b EIN D, BITE, E—H —
BRI BEA = ~DATPHEFE R 2 T & 22+
5729168, 4SEMERT D AKREL/NERKEAKD
AL TN D,
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1) Nakamura, K. et.al. (1999) Comp. Biochem. Physiol.
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2) Wirschell M. et.al. (2004) Mol. Biol. Cell, 15, 2729-
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A macronuclear division specific globular chromatin in Tetrahymena

Masaki ENDO and Toshiro SUGAI (Dept. Mate. Biol. Sci., Fac. Sci., Ibaraki Univ.)

SUMMARY

In Tetrahymena cell, there are two kinds of nuclei, the macronucleus (MAC) and the micronucleus (MIC). MAC

divides amitotically and MIC divides mitotically. In the interphase MAC, there are diffused chromatin and numerous
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condensed heterochromatin called chromatin body while loosely condensed chromatin aggregate of various size appears

in the dividing MAC. We observed large globular chromatin of similar size in the dividing MAC in living cell and stud-

ied conditions for inducing clear globular chromatin; culturing cells in a medium containing EDTA and inducing cell

division in Tris buffer containing benomyl, a microtubular drug, were effective. The globular chromatin appeared at MIC

division and disappeared just after moving of the MIC from cell surface to the MAC in separated daughter cell. We com-

pared T. thermophila and T. pyriformis and found the MAC of the former had clear globular chromatin. At first cell divi-

sion of exconjugant when no MAC division occur, globular chromatin appeared in the MACs, indicating appearance of

the globular chromatin is related to cell division, not to MAC division itself. It seemed that the globular chromatin is the

unit of DNA distribution during division as it's numer seemed to be halved before and after division.

(B8] TthermophilaDFREIL, KEZEELE/IEE WD 2
PO E R 2, MllGHOBE, IMETHE SRR %
ITOWRBITER SR EITH, REWNIZE, 38T
7 a<F & BE Dchromatin body & FHEI 5 ~T 1
rma v FUNFEMLET Do THRPORENITIX
chromatin body X ¥ K& 727 m~F OB HELT 2
ZEREMBNTWS, ZorZu~vFrofiorE X
Y- ELS, BHEEH S 1) . KEEOYER

(DNA% 1) 1£45x (200~300) Kb 3,
L 2> Lchromatin body <°Z O & OE{RIFAHTH
5,

FexixEMIE T, HEFPORENICH —KE X
DERO 7 u~F U 2EE L, BETETESN
TWABN, KENIZIZsubnuclei/NFEIET D & W ) )
MY, I THEE S fu7zsubnuclei DL & 4 [
BINFKIRY v~ F BT RET R, BRIk
0~ F OB REGEAEE LY DR &n
O, Bk m~F 3 BoRERGREETET
ThHO, BHOBEOGEEMTH D AREERE X 5
N5, AFTREAEID S EROSEHEA T D
TRV, 22 THRRZ n~F o 2 WRkICHE T
DEMERG L, MBSOV TN,

[(#t# & AiE] Tetrahymena thermophila BHEX LY
T. pyriformis W. ZAH U7, TERHECHEEE L 7o 808
5l 3] > il f & Tris + BenomyllZ# L, #% & 1XE D F
F. AIE CIIEAROR L 2 MREZRE L ThRE
FHE LTz, FRES T, Mazguwgilkgic L
TObLRLIZEBMOMBAZIRES LESEZHEL
Too BUEITITEICALMZEZ IV, DNAIL Y Hoechst
33342 CYefn L HOEBAMEBE TR LT,

[BREBE] (1) HMRKRKIZe~F o3l
FMOBE : Fe OEMFEREF LR, o
$8, EDTAXbenomyl O ERFHHTHo=, T

B H T HF & %, 0.1%EDTA & benomy % 5 < T
10mMTris P CH RS W 5 6 23 il Th - 72,
SeyfertiZMiflZEE LT Cr/r~TF rORES %
HEL, a2 A XRHDERELTNEHER |
ZAVUTERIR Y m~ T U B RE LTS ATRRE N B D,

(2) Tpyriformis & T.thermophila® FLi%, T pyriformis
TIHZe~TF B3R E R 2720 TR m~wTF
ITHEL L2\, T.thermophila TIXHARE/ZRERIR 7 v~
FUNHBLL72O T, FEBRIZTIL T thermophila % f# -
7

(3) K7 m~FrOMBLEHRREH : AR
IVIRD/INER RED GRS & ZIZERR 7 m~TF
MR 2B, IMEN 3 E% ] (anaphase B) DRI
HHEIC 72 D, FERT 2 01E, Ml Zse T %M
MR G IATE L TN IMERRIZICR DR L v A
LETH D,

(4) BB TEROHRE SRR HE T 2 BRIk
nvF L, MRSRITT 2N RESHE L b &
THERZ m~F 3B L, 2oL, Bk
awFrOBIIVRIFIE-ETHoT, IRk
VTSR THFEIN D DT, Mias
ERELTWA RN B D,

(5) EEMICTOBEFIEORT 470 OBk
W7 u~F OB EDNAOTIEDT-DIT, k7 v
~ T U OBEEEIT, Do DNDREICINT
%2\, IRFRLERCMAR O SR JT . spermidine, Mg 72
EDHRD HEhTh D,

KAE A B CTERIR 7 v~ F o BT W L T
HEOICRZD, xR meTF U3 R
T 52 L iF e, BIZIRREA~ GBS TV D,
DNAD AT AR TH D . Rkl v bk
Doy ELEALIT A BT, Bk m~ T o
DNAGE D BN Db LALIRV, ETZ D5 E D
BRI IO NVE EFEAER T 5 4 85 E R 138k
EEBBESE LTV LR,
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Determination and degeneration of a germinal micronucleus

in exconjugants of Paramecium caudatum

Noriko TAKA and Kazuyuki MIKAMI (EEC, Miyagi University of Education)

SUMMARY

In Paramecium caudatum each cell has a germinal micronucleus. Atrtificially produced bi-micronucleate cells did
not reduce to a uni-micronucleate state, at least for some fissions. However, there are four presumptive micronuclei in an
exconjugant and only one of them divides at the first post-conjugational fission. There must be an exconjugant-specific
reduction mechanism for the nuclear division. It is generally accepted that four of the eight postzygotic micronuclei
derived from a synkaryon appear as micronuclei, and then three of them degenerate by the first post-conjugational fis-
sion. However, we obtained contradictory evidence by immunofluorescence using an anti-o-tubulin antibody and DAPI
staining. Most of the four micronuclei remained even after the first post-conjugational fission, regardless of nutritional
condition or stock difference. Artificial removal of the dividing micronucleus at anaphase of the first post-conjugational
fission showed that the remaining micronuclei had the ability to divide at the following fissions, because each cell of the
resulting clones had a micronucleus. In some clones, however, the micronuclei sometimes seemed to be degenerative
because the clones produced some amicronucleate cells and were composed of both micronucleate and amicronucleate
cells. To determine at what time the micronucleus is committed to divide, a micronucleus was transplanted from a vege-
tative G1 cell into an exconjugant. It was shown that the selective decision for nuclear division occurs between about 10
h and 24 h after the critical stage of macro- and micronuclear differentiation.

1998, HA#FHY¥R) . N TIE, Zhd 4 /D
P AN L LTED O OOIE LRI,

(B8] YoV Ay (Paramecium caudatum) 1%, |7
—HERPNIC R (R O 1 >OAEFEE ()
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KHSEF, AE—= (BWEHEKY - EEC)

Function of the micronucleus at vegetative phase of Paramecium caudatum

Satoko TAKEDA and Kazuyuki MIKAMI (EEC, Miyagi Univ. of Edu.)

SUMMARY

In Paramecium caudatum, removal of the micronucleus causes some abnormal symptoms: structural changes of oral

apparatus, decline in food vacuole formation and increase of inter-fission time, so it appears likely that the micronucleus

has a specific function in stomatogenesis. To investigate whether the micronucleus is involved in forming the new oral

apparatus at cell division, the length of cell cycle was compared between “proter” and “opisthe” after elimination of the

micronucleus. At cell division, the new oral apparatus is formed at the opisthe and the existent one stays with the proter.

Delay in the occurrence of fission appeared about three cell cycles after micronucleus removal. But the length of the two
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to three cell cycles after micronucleus removal was no different between proters and opisthes. This means that the mi-

cronucleus was not directly involved in stomatogenesis. In the next experiment, the cells were starved after micronu-

cleus removal so that the time of fission was postponed. The starvation treatment delayed the fissions of both micronu-

cleate and amicronucleate cells, but the delay was more conspicuous in amicronucleates and appeared one to two cell

cycles after micronucleus removal. Appearance of the amicronucleate-specific abnormality depends not on the times of

cell division but on the elapsed time after micronucleus removal.
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JFAEARRE RO BRR —TFIC BT D 0RO ZE & BUR—
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Classification systems of phylum Ciliophora
— Review of changing systems in recent years —

Norikazu MIYOSHI', Satoshi SHIMANO', Tadao TAKAHASHI?
(‘Natl. Agr. Res. Cent. Tohoku Reg., “Biol. Lab., Nishikyushu Univ.)

SUMMARY

The ciliated protozoa are widely distributed in nature. To classify these ciliates, various classification systems have
been proposed so far. Of these, three main systems were compared between each other in this work. 1) A classification
system based on the oral morphological criteria was systematically constructed by Corliss (1979). In present time, this
system is often used for identification of ciliates. However, this concept becomes to be hardly adopted in classification.
2) The system based on the ultrastructural morphology on the somatic kinetids was established by Small and Lynn (1981,
1985). This system, however, contained some questionable taxa, because the classification criteria more biased toward
the characters of somatic kinetids. The system, thereafter, has been modified by some additional ultrastructural and mo-
lecular information. As a result, in this system the phylum Ciliophora consisted of two subphyla; Postciliodesmatophora
and Intramacronucleata. 3) Lynn (2003) established a new classification system based on the molecular information,
especially SSTRNA gene sequences. This system includes two “riboclasses”, which is a new concept taxon based on the
molecular information. However, this system includes severe problems, that is, it is a chimeric system without reasonable
explanations. From these analyses, we concluded that Lynn and Small’s system (2000), which seems to be more accom-
plished system than others, should be adopted for a practical use at the present time.
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Opalinids as an ancestral chromalveolate inferred from alpha-, beta-tubulin genes
and 18S rDNA sequence

Akane NISHI (Div. of Life Sci., Grad. Sch. of Natural Sci. and Technol., Kanazawa Univ.)

SUMMARY

Opalinids are enigmatic endosymbionts principally found in the large intestine of anuran amphibians. They are mul-
tinucleate and uniformly covered with numerous flagella (or cilia). Their appearance is somewhat similar to that of cili-
ates, so that opalinids were initially classified in ciliates. However, based on their monomorphic nuclei, absence of a
ciliate-like life cycle characterized by conjugation, and an interkinetal fission mode, opalinids were subsequently trans-
ferred into the zooflagellates. Currently, opalinids are favored to be placed in the Class Opalinea, within the heterokont
of the Kingdom Chromista, based on the ultrastructural characteristics of the flagellar base called transitional helix
shared with the proteromonads. However, the question of their classification has not been fully resolved, because of the
possession of a double-stranded ciliary necklace shared with ciliates, and lack of molecular information. Here, we show
their phylogenetic position inferred from 18S rDNA and alpha-, beta-tubulin gene sequences. The 18S rDNA analysis
gave the opalinids an ancestral position in heterokonts, together with the proteromonad flagellates, as suggested by the
previous morphological studies. In contrast, alpha-, beta-tubulin gene analyses suggest an affiliation of opalinids to al-
veolates, not to heterokonts. Taking account of a few characters dispersed in the large taxon “Chromalveolata”, the pre-

sent results may reflect an early branching of opalinids from ancestral chromalveolates.
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Comparison of soil testate amoeba communities under the various environments (II).

— Improvement of treatment condition to estimate soil testate amoeba fauna —

Satoshi SHIMANO', Norikazu MIYOSHI', Tomoyoshi HASHIMOTO?, Tadao TAKAHASHI®
('Natl. Agr. Res. Cent. Tohoku Reg., *Natl. Agr. Res. Cent. Kyushu Okinawa Reg.,
*Biol. Lab., Nishikyusyu Univ.)

SUMMARY

This study was aimed to improve direct or viable counting methods to evaluate testate amoebae communities in

upland soils with slurry application (the 0, 60, 150 or 300 t/ha). The direct counting method: Soil samples were dis-

persed by stirring to isolate testate amoebae. Then samples on membrane filters were stained by the EQPS method and

examined with a microscope or a confocal laser scanning microscope. The viable counting method: Three gram of soil
samples were inoculated on 1.5% agar plates poured by water, MNAS (Modified Neff’s Amoeba Saline) © or KCMt )
with or without Enterobacter aerogenes. Viable counts of testate amoebae were determined after 50 days incubation at

20°C. Although the active forms of testate amoebae were not detected in the 0 and 60 t/ha plots by the direct counting

method, they existed 43 and 69 active cells/g wet soil in the 150 and 300 t/ha plots, respectively. The shapes of stained

cells were enough clear to identify testate amoebae communities. Viable counts increased with slurry application levels.
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The identified species number and viable counts with KCMt media were significantly higher than those with other me-

dia. These results suggest that these counting methods would be valuable tools to examine dynamics of testate amoebae

in soil.
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Species Composition of Soil Ciliates and their Population Size in the Upland Soils
with Slurry Application. II. Seasonal and Yearly Change.

Keisuke KAWACHTI', Yuko HISATOMI', Tomoyoshi HASHIMOTO?, Satoshi SHIMANO?, Nori-
kazu MIYOSHI and Tadao TAKAHASHI'
('Bio. Lab. Nishikyushu Univ., > NARC Kyushu-Okinawa Reg., * NARC Tohoku Reg.)

SUMMARY

We have already reported that the biomass of soil ciliates can be estimated by using the modified MPN method
(MPN-SIPSE: Most Probable Number with Species Identification and their Population Size Estimation) (Takahashi et
al., 2003). In this work, we attempted to examine the ciliate fauna and their biomass relative to seasonal and yearly
changes by using the MPN-SIPSE method. From analyzing the soil samples, which were collected from the upland field
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with slurry application of NARC Kyushu-Okinawa Reg. Miyakonojo Branch in August 2003 and 2004, it was found that
the population size of soil ciliates significantly increased with increase of the applied slurry volume in both soil samples.

Further, the water content of soil samples also indicated significant positive correlation with the applied slurry volume.

In May and August in 2004, the population size of soil ciliates and their biomass in soil obtained from a 60t/ha slurry-

applied field were greater than those of other soils collected from 0, 150, and 300t/ha slurry-applied fields. These results
indicate that the MPN-SIPSE method might be more suitable than the MPN method to estimate the population size of

soil ciliates and their biomass.
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Investigation of the protozoan distribution in the Nakaumi Lake

Hideki ISHIDA', Masayuki ISHIBASHI', Hirokazu NAKAHARA' and Etsuko MASUYAMA?
(‘Department of Biological Science, Faculty of Life and Environmental Science, Shimane University,

*Department of Health Science, Hiroshima Prefectural Women's University)

SUMMARY

Protozoa were observed from 2002 to 2003 in relation to salinity, water temperature, pH, COD etc. in Nakaumi

Lake.

It has become clear from our research in recent years that various protozoans exist in Nakaumi Lake.
anything is known about composition or density of species in this habitat.

This lake, a typical brackish water lake, is known to have a large change in salt concentration through the year.

However, hardly
Therefore, 12 stations were set up to check

factors which influence protozoan species composition. Inflow of seawater from the Sea of Japan into Nakaumi Lake
changes sharply according to season. It is also known that the amount of inflow from the upstream Shinji Lake depends
on rainfall etc. It was found that distributions of Cinetochilum sp., Helicostoma sp., and Mesodinium sp. positively corre-

lated to salt concentration, and those of Euplotes eurystomus and Halteria grandinella negatively correlated to salt con-

centration.

Moreover, Chlamydomonas reinhardtii and Cinetochilum sp. negatively correlated with water temperature,

while Gymnodinium paradoxum, Mastigina sp., and Ochromonas sp. showed positive correlation to water temperature.
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Morphological variation of the symbiotic algae in Paramecium bursaria

Jun YAMAGUCH]I, Toshiyuki TAKAHASHI, Hiroshi HOSOY A and Toshikazu KOSAKA
(Department of Biological Science, Graduate School of Science, Hiroshima University)

SUMMARY

Paramecium bursaria has hundreds of symbiotic algae in its cytoplasm, and is often used for the study of symbiosis.
In the light, P. bursaria exchanges metabolic products with its symbiotic algae (mutualism). However, in the dark, the
symbiotic algae come to depend completely on the paramecium for their nutrition. To see how the morphology of the
symbiotic algae is affected by light, P. bursaria was cultivated in continuous darkness (DD), continuous light (LL) or
alternating light/dark (LD)conditions. In this study, four stocks of P. bursaria syngen 1, KN-1(mating type 1), BWK-
16 (II), KN-21 (III) and BWK-4 (IV) were used. After cultivating the four stocks for one week under DD conditions, the
stocks were transfered to LL conditions. Morphological variations of symbiotic algae were observed using a microscope
and compared in LD, DD and LL conditions over time. The size and fluorescence intensity of the symbiotic algae of
stock BWK-4 were measured using a flow cytometer. In DD conditions, the size and fluorescence intensity of the symbi-
otic algae decreased markedly when compared with those of the symbiotic algae in LD conditions. When the paramecia
cultured in DD conditions were transferred to LL conditions, the symbiotic algae recovered their fluorescence intensity
and size again within one week.
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Biotoxicity of acrylamide on the ciliate Paramecium bursaria

Toshiyuki TAKAHASHI'? Masanobu YOSHII?, Toshikazu KOSOKA 'and Hiroshi HOSOYA'
(lDepartment of Biological Science, Graduate School of Science, Hiroshima University,

Time Associates Inc.)

SUMMARY

Monomeric but not polymeric form of acrylamide induces toxicity like carcinogenic or neurotoxic effects. Recent

studies revealed that high acrylamide concentrations were found in starch-containing foods cooked at high temperatures

(Press Release, WHO, 2002). However, the mechanisms of acrylamide toxicity to living organisms including human

have not been well elucidated. We have introduced a convenient bioassay system using a green paramecium, Parame-

cium bursaria, possessing several hundreds of endosymbiotic algae to evaluate acrylamide toxicity of various kind of

environmental chemicals. Using this system, acrylamide toxicity has been evaluated on the P. bursaria (Takahashi et al.,
2004 (Toxicol. in Vitro 19, 99-105)). It has been also reported that a herbicide paraquat, which is known as a generator
of reactive oxygen species (ROS), can produce alga-free paramecia. In this study, a production of ROS was investigated

to elucidate mechanisms of the toxicity of acrylamide on the ciliate P. bursaria.
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Search for symbiosis-related genes of symbiotic algae from Paramecium bursaria

Hiroyo KANEKO, Nachuko MAEDA, Toshikazu KOSAKA and Hiroshi HOSOYA
(Department of Biological Science, Faculty of Science, Hiroshima University)

SUMMARY

Paramecium bursaria harbors several hundreds endosymbiotic algae in its cytoplasm. To investigate the symbiotic

association of P.bursaria with its symbiotic algae, we made both aposymbiotic cell strains of P.bursaria and the cloned

strains of symbiotic algae isolated from P.bursaria. We have revealed that some of the cloned strains of symbiotic algae

have infective activities into aposymbiotic P.bursaria, but the others are non-infective for aposymbiotic P.bursaria. In

this study, we tried to search for possible symbiosis-related genes of symbiotic algae from P.bursaria by comparing the

genetic differences between the infective and the non-infective algal strains. We have obtained three genes expressing

more highly in an infective algal strain (SA-4b) and one gene expressing more highly in a non-infective algal strain (SA-

4a).

(B8] FU Y DU AvOMIBEICIIEED 2 L
FRED Rk QR4 NkALTWE, BIFEEET
2. ZDHAERA D =X LOMADT- D, HERELE R
ELEIRI YO AVOERL, 2, IRV VY
UL HROILAROEEE 7 o—1 1k, &5,
INGEROCEHRAOERREZMHLILTND 3,
T, sJu—AfEEBELEBREEEOZ B L T O
EFNENBEERICOWTHABREI RY YUY A
VAOFEAEERATZE DA, T — A L
HHEAEEED 7 v L7 OfiF CHIEAETRRKE R
HRERRBIEIET D Z Mo TS, AWFET
. SRV Y DY AV EHEROEKERA T =X LD
HZBREL, T4 77y Yl T 4 AT
AT X0 FIAETEEZ iR (SA-4bBR) & RATREZefk
(SA-dafk) DOWFZH CRERIZAED D 5 EIn T DFRE

R,

[(M# & AE] AFzEicix, T RY Y 7Y AT DOBS-4
B (syngen 1, mating type II, 19944F|Z g Ik 1- (L
FTRE) NOHEE - 7 o— b S AR, SA-
dakk & SA-4bRR D28k E W, D2k I KU Y
7 U A HR O A Ek A KRR VERL U 7o A
BREI RY YU Ay (KSKw-1038F) (2 D ER S
Wizl A, SAALIRIZI RU Y o U AV L EIAT
DA, SA-4abRITFIAE L RN LT TIZ o T
W5,

SA-datf L SA-4blk S 7 = 7 —/L/SDSIEIC L b 4
RNAZHIH L=, 7o h—T T4 ~—%HT4a
RNA7> B poly(A)-mRNA Z BIRIZHHRE L, AR S
MT-cDNA L 60FEIEDEE T T A ~— % A, 7«
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TJrLryiwe T 4 AT LA (D D) 412k

D WRE O FEBLER T & i U7,

D. DIEICE VLN WR THRERICEDH ST
cDNAWTF 2 b L IR LT e —T7 T/ FrTry
MLV B CREARBIZEZOH DEIETTHDLDD
DR AT > T,

RERICEND D Z L DHER S -cDNAWT T O
HEHEZPHA LI L, EHITSRACEIZ L W 2EELS
EUE LT, AEr Y —H%RIIDDBI/EMBL/GenBank
F— B _R—=ZDFASTAT 11 /' T T o 7=,

[(#EREE] D. DIEIC L WOEEDIEE T 7 A ~—
Z W THILAETHERR (SA-4bER) & B ILA A mTHE
(SA-datf) DOHBUERTHIELI-E Z A, SA-4da
FE TR BRI S 72131508, SA-4bkk TR A
BHEEZ DI TH- 7=,

D. DIETEOLNIZcDNAMIF 27 —7 & LTH
W, Y URITIC K D REBLE DO R EIT o7, Bl
TEE TIZ36ME D H H16{HDDNAWT F 122U TR &
TV, 205 LOSETHBEMOH D ERIE LR
2o AENTZENOSED 5 B, SA-4bkK TSA-4atk &
Y 43BN %\ cDNAKT . OPC12-4b-3 & OPD14-
4b-1UZ DWW TR L7z, 2fEDcDNAK . OPC12-4b-3
(325 bp) L OPD14-4b-1 (471 bp) . DOHFEAELNZ P E

2005 4F

L7z, OPCI12-4b-312 2\ T, & HIZSRACEZATV
2 E Bl % (2441 bp) % & E L 7=, DDBJEMBL/
GenBankT — % X— A DFASTAZ 11 /5 A CAHREH
C—RBEITOENINETO L Z AR E N
BLANEAFAE LR Do 7z,

£o1% . OPC12-4b-3LL5 D / F L bt CRF 34 Al RE
PR & BRI R AT RERE THRBLEIZZ DL U BRI
ONTHLERERSIZREL, HERTo V—MEE
THOFTETHD, 12, /P UM AT TR
#51) D20{ D cDNAKT 2T RIBEDIENT 217 5 F
ETHD, IHIT, /P UMITIC L BEEOHS
NISE OB T OV TIE, oA FTRER R & R
AR CHLRABOLKEITY TETH D,

(3R]

1) Hosoya H, Kimura K, Matsuda S, Kitamura M, Takaha-
shi T, Kosaka T (1995) Zool Sci 12: 807-810.

2) Tanaka M, Murata-Hori M, Kadono T, Yamada T,
Kawano T, Kosaka T, Hosoya H (2002) Acta Proto-
zool 41: 255-261.

3) Nishihara N, Horiike S, Takahashi T, Kosaka T, Shi-
genaka Y, Hosoya H (1998) Protoplasma 203: 91-99.

4) Liang P and Pardee A.B (1992) Science 257: 967-971.
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Symbiosis-related genes of endosymbiotic algae of Paramecium bursaria syngen 1

N. MAEDA, H. KANEKO, T. KOSAKA, H. HOSOYA
(Biol. Inst., Grad. Sch. of Sci., Hiroshima Univ.)

SUMMARY

The green paramecium Paramecium bursaria has several hundreds of endosymbiotic algae in its cytoplasm. But it is

not clarified how this symbiotic association can be established and maintained. To elucidate the mechanism of symbiosis,

we had removed these endosymbiotic algae from paramecium using the herbicide paraquat and symbiotic algae-free

strains were prepared (Hosoya et al. 1995, Tanaka et al. 2002). Using several clones of symbiotic algae isolated from

green paramecia, we have already established the conditions to let them re-infect into symbiotic algae-free paramecia

(Nishihara et al. 1998). Interestingly, these cloned symbiotic algae contained two kinds of strains, infective or non-

infective for algae-free paramecia, respectively. Here we compared DNA patterns developed in the infective and non-
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infective strains of cloned algae using a differential display and northern blot method. As a result, four cDNA fragments,

which show different patterns of expression in the infective and the non-infective clones, were obtained.

[BM] MEEHRI KV Y U LY (Paramecium bur-
saria) 1, ZOMAE PIZ S0 ILERNIEEL T
W5, HFERETIE, S FU YUY AVICkIT Ak
EAHD=ALAORAEZEE LT, ZhETICHE
BREI R YU AL OERMDZ, LA
Bt - 7o—ufb, HAEBREI RV YUY Av~Y
0= ALBSE A R S D RO S AT T
oo HEAEFEMEOZ7 oL IR FY YUY ATt
ETDEVIBEOREND D DT, LAEMERE
FUY DY AT a— b Uiz R R O E B4
EEO 7 v L7 oS EROERIEL L. Zh
DO FIKYL ATRE 22 R & R ATREZR KR O 2 F¥E D D
WM oTr, FITIOEEE LT, R
Ll ZORBBETET 77 LY YL
TAAT LA (D-DIE) ICEVEIE L, 20k
B BYREOABICEGR L, BEBEB OV R
RE—=NZEDVAFETORTN—FIThHhhND 2
LW yinole, EZTAMSE TR, 2O Vv—T%
FIZBWTRYEE 2 FF MR E R R VRO 5 2 &
o7 N —7DIZHERZRKY . D DIEKRO Y U fifT
xR THRKEO TS G T & i, 42 - 7
LI KV HAEICEET AR T OWEREIT o 72,

[(#% & AE] LAERIT, 7L —7DICE EN5SA-
d4akk & SA-4bE D2k E W2, TG B RERFE L
Toth. 7=/ —/V/SDSEE HWT b — % LRNA% il
H L%, b—%/LRNA{IDNase IZLEE L T H T v
H—7 T A ~— Tpoly(A)-mRNA % &R 1) |2 3 #ir 5.
L. ZO%OEDER T T7A~—%ZNENHNT
PCRCHENE L7z, 5O T-PCREMEZT 7 VLT I
AL TEAIKE) L, SA-4akk & SA-4bKkTHED RS
NN REZUDBH 0 H Lz, D - DIEXZE DR
FIZPCRE WD 728, ARDBIE T OB &L E
BRI L CWRWAEERH DD T, T2 D
Y L7=cDNABT b 7 e —7 % ER L, 27
0y T 4T E{Tol, /T ay T 0 TR
BEICEDRONZDNAIX Y — 7 =V A BTV,

FASTAMBE % 1T o 72, S HIZ, DI HLDO—D,
cDNAWT /T OPC-12 4b-112 2\ Tk, 5RACEZ1T- T
BIEFOEEEET-,

(R L EZ] D - DIEE LV CTSA-dakk & SA-4bik T
cDNAWIT R DS ROFMEAE LR LTFER, 2055
cDNAWT R 23 EH36ME&E STz, 36D 5 B, 20/ DK
FoV7ra—= 7l Lz, 2055, 16{#
DDNAWTFIZ >\ T/ o7 ay MEFT KT
L. 5{#®W A (OPC-12 4b-1, OPC-12 4b-2, OPC-12
4b-3, OPC-17 4a-8, OPD-14 4b-1) TSA-4akk & SA-4b
BECORBBIZENRLOND ZEBRDhoTo, B
Yu R W HE 72 SA-datk CTRELE N h> o 7= T 1T OPC-
17 4a-8°C, & O3 FFYL AT RE 72 SA-4bE TR IR D
Lo T-MA Th D, FDH%, V— I T A %To
TWr i O ILELY % P E L, FASTAY v 7 A CH
FIMRREITo 720, EOW A bHEEO &V EE
FRNAOMB o7, LA, OPC-12 4b-1& OPC-
12 4b-21F, ZOEFIN—E LI=7=, ZD%OPC-12
Ab-1 D BRI 2 D=, /o7 a v b OFER,
OPC-12 4b-1DEEX, KBkbTHDH I N ghroic
B, BTV AW A IEAT00bp TH - 72D T, 5l &
W TSRACEZ To T2, FORER, FEEDOEKET
OPC-12 4b-123 5 bitz, o — 27 = Z&24F\, 3kb
D 9 HHI2.5kb DI FERIFN &P E LTz, FFOFASTARR
RIIT 2D, ARICHEMEO H 2 BIEFIT 20
Lotz Ak, YEEEELHI O % i o T et
Bl &2 E L, SA-dakk « SA-4bkkLLS o S A kR i
BOTHHEYATRE, RARRREOM T Z 0BT
DRELEIZEND DO, B EITWIEWEEZ T
W5,

[3XH#K]

1. Hosoya H. et al., (1995) Zool. Sci. 12, 807-810.

2. Tanaka M. et al., (2002) Acta Protozool. 41, 255-261.
3. Nishihara N. et al., (1998) Protoplasma 203, 91-99.
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Phylogeny of symbiotic algae of Paramecium bursaria

Ryo HOSHINA, Shin-ichiro KAMAKO and Nobutaka IMAMURA
(Sci. and Eng., Dept. Biosci. and Bioeng., Ritsumeikan Univ.)

SUMMARY

We have made progress on the study of phylogeny of paramecian symbionts based on the 5 half ribosomal DNA

operon. All symbiotic algaec we used (6 Japanese, 1 Chinese, 2 American and 1 German samples) belong to Chlorella

sensu stricto (Huss et al. 1999 [3]) based on the 18S rDNA phylogeny. An analysis based on internal transcribed spacer 2

unveiled two phylogenetic groups J-C-A (Japanese, Chinese and American) and German, which suggests the event of

algal symbiosis have occurred more than one time.

[BM] 2 RYU YT L OMAERIT, TANKR b
ThHDHIRY YUY LATDFLTRT TIERNI &
Nl < BRI, F ORREATER, By air
7 ¥ 7 v v F Chlorella (Trebouxiophyceae,
Chlorophyta) IZiT#% CTH 5 Z & BN/RE ST E 2N,
7L 7 BEROBENEM THOEER D HLHPLT
HDHZ N5, DNA, F#i2 Y R Y — ARNAE G125
DL T RBIRT B T2 T, AP TIE, H
R, HE, TAV A, RAYVEOHERIZONT, VR
YV — ARNAD ZE—/LH 7 2=y #EsT(18S
DNA), B L OED 7 0 L Z 1281 5 BT i
T4y 1 L L THER S LTV Hlnternal transcribed
spacer 2 (ITS 2; [INVE AW THOMra 2729,

(M ERER] FHRMITITIZI RY o U AVHR[H
AKPE; Okl, Sol3, F36, KM2, Dd1, Bndl, H[E; Cs2, K
AV BEE; PB-SWI] B LT * U o i e/ s B EfE Rk
(NC64A Syngen 2-3)& /o, 2= —H LT T 1
~—, FIERE A Sspecific’e 7T A v — & W T
PCR%Z 3 Z 72\, 18S rDNAR L ONTSHIR #1457, it
BEfS A (ND)EZ WV, 18S rDNA, ITS2Z L F il
< SRk &M LTz,

(R EER] LR SDNAKIEZ B Z o7
7 A U A1 pESyngen 2-3 CIXITS2fEKNIZ T 072 A
BR BN, ZHUXT 7 LRI Ry —< vt ~Xnm
VIREBAET BT L E X B, Z{E LT WITS
ISR TS 2O L) NI hETHE

BOWENH DL, —HI RV YU AvrbEbh
- ABRDNAIZ AR, FAYVEL B HE—-THY, H
ARED S OILHEEL - AR TomB] 218 —FK L
o THHORERIZII RY Y 7 U LTI
LTWAEHEIZZ n—rThd I EaMmme LT
W5, FEETIKITSIHEERANIC O T 23R LR RS
N, Zih Syngen 2-30D 4 — A[FRE, 144280 &7
J ANSEITH L AREERE L, S R Y T U AUH
JaNICRB T 24D 7 v — b2 EETDHHDT
[ERAQTAN

ATOHARD18S IDNAHFIZITA > Fa rDOffiA
PHER Sz, FEPEE T AU BFEE, T ClITfEL
TWD BAEAERD L OR]EF L34 FHCIFIXIF
FROBESN DB DTz, —FH RAYED SO TIEA >~
bR LGRS VT, fiANLE, Blsl L bR
<HEIpo7z, 188 IDNAD =T 7 Y U HEIRIZ A A —
E—-TAVHEOLDOTER—HL, KA YEDD
DTN BNER D,

18S tDNAIZEE S < Rtk T, HAR—HE-—T A
VB, RAYVELBICED Y v L Z REB]DC. vul-
garis 7 NV—"7T"DY L— RIZASTo(T—Y A NT v
100%), Z D27 L— FWIZEBIT 5Bz T b
NT, TN— I RpIgIE: & & HERF 5 0 23 K
ThHoHIH, BOU v LT @O i 724551
Fli e UTHOR ST [1] ITS2% AV 7= R A R 5L L
TG, BAR—HE—T AU DPEE FA Y pEAwRD
BN RERD LB TSV RTIENTEL, 2
MEI KU YD U AVORRK, T b bisEz fian



Jpn. J. Protozool. Vol. 38, No. 1. (2005) 85

WAL o ik ED A X F KA
ol tERTHLOLEEZ LN D, ITS2TIT it
ChlorellaJ&#E58 & DBIRRMIENEZ R TIZIEE - T
W2V, ZAURIT2OERBKRETE5H720T, 372
DB, 188 IDNA L Y H A HNFEITS2L Y LW
FREDBR, 1L 0E D %< OILAEFERLChlorella R B
HEMZ TR 2B 2/ 2 ER5H%OPETH
5,

[3Z#K]

[1] Hoshina, R., Kamako, S-i. and Imamura, N. (2004)
Plant Biol., 6: 447-453.

[2] Hoshina, R., Kamako, S-i. and Imamura, N. (2004)
AIP Conf. Proc., 716: 203-206.

[3] Huss, V. A. R., Frank, C., Hartmann, E. C., Hirmer,
M., Kloboucek, A., Seidel, B. M., Wenzeler, P., and
Kessler, E. (1999) J. Phycol., 35: 587-598.
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Influence of cultivation period of symbiotic Chlorella on reinfection in

Paramecium bursaria

Munenori GOTO and Tsuyoshi WATANABE
(Dept. Dev. Biol&Neuro. Sci., Biol. Inst. Tohoku Univ.)

SUMMARY

Symbiotic algae-free Paramecium bursaria can be re-infected with isolated algae through ingestion via cytopharynx.
It is believed that cell cycle of algae play some roles in the host-algae recognition. In the present work, we re-examined
whether cell cycle and culture age of algae affect on the re-infection phenomena of P. bursaria. We cultivated algae for 2
weeks under 16h light (L)-8h dark (D) condition and obtained semi-synchronized algae (CA1). In 6 weeks culture under
the same condition, however, growth of algaec was asynchronous (CA2). When CAl and CA2 algae were ingested by

aposymbiotic paramecia, rate of algae-retaining paramecia and number of retaining algae per paramecia was significantly

much when determined at 12 and 24 hours after infection. This suggests that the culture age influence on the re-

establishment of paramecia-algae relationship. When algae of CA1 and CA2 were prepared at the start and the end of L-

period and ingested in paramecia, infection rate was not significantly different, indicating that reassociation of algae to

paramecia was not influenced by cell cycle of algae.

[B8] X KUY YU A Paramecium bursarialX i
WL OMRAICEEEOAR (Ve T 0/ &
FFoTAHEELTWD (Eafile) . Z o34k 133
RENTHAOFETIY RS Z R, &4

IO BRI (B EM) X R & [E l/J:
IR T DT LN TE D, AEMIZINT I
EdEa Nz 2 & e ia iR TR AL, BLY
IAFE T IEAEE O —EIEE E O/ LETE & i T

FEL, RN TH & OILAREHET D (LAmo

BHEGY)

ﬁr’zm@l/n HABITETEEOZ I EFELLD
WY U U AT OERICEBERY IAENTZE, TVA
ENT AT -2 E EOME LR E R T—D
— O fF EH KD B JE K (perialgal vacuole) IZ 4 &
AL, O THITE Lot o AR EME IND LB %
LBRTWVENR, ZoLEIZY v ) Ay nERNDLE
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A & KB D, AERO O BB E
XERDHIEVTELHBAREFIITEAETAL N
2o TR, 7 u LT ORI X > CTHEIRYLHE N &
FObo LRV bonks Y, £ I3 MEEED
WAL 57 DIEVBAFET D Z E 3o TW5H(1,2)
DSREM 2R BIR & 3SR AT B TnRn,
FREMIRN OABITIETE PO HLEEERT 2
TLNTED, EHEERR LR AERE AR
IR st b Tx D, HAERITIBELTO
—fEEZOLNTWDENR, 7L T EHEY A 7
SUETTERTL EZOMBAMARMTSZ L.
F77 v LT ORI B\ CRAREE D RS R 7y
DEMICELT S ZERMLNTVWSQB), £ZT
o2 i3k N DY U7 A A AR A o
JVF O LAIRE I 2 R &8, 2o
OHAWEFHERESELBEOEWERSZ LA BH
ELTEREITo T2,

[(#M# & AE] Paramecium bursaria® Gr3 % A4 Bafit
Bk, Miw2-lwxz HAEREZ AR E Lz, G30fils
SDS TR LI AEm 4 HEE#%, £ CAGZ &
2% (wiv) ZRIGH E TR L, HHM%an
=—Z o THOH IS, 2 z4Ek
Too OISR 2 R IRCAE HIIC RS L
RS A 7 VO Lo, 2~3HM &
B ORI R LR 21T - T2,

REAZBG L T L2AM% L l%IcH T 54k
EBEDOLH Ok, Mo KRE SOBLE T,
EHIZENF N O EH o A4 & Miw2- 1wk 12 5
Zy BOIRAALTEHAFREDO AR Y O, FREYR

EW AT,

DL
16h/8h ™
IZ—H %

[(FEREEBR] WIKCAR M Z VTR Lo AR
L EEHUSRE L TAs B 23 % o0 BERE TR o

2005 4F

. KRR O RFE OB B WIS FR O b, Ml )E
HINFEAL TS Z RS, Lo LeME#%
TITHI B DB, MDA DZE) & 2% D
HOIEEEoZ 0 LIZAMHIERO b oz,
it&@@%@ﬁi&@ﬁﬁﬁ@%%@%@i@éw
BICHIRE S K& DvoTe, & 2 CHEER2EM o4k
(CA1) L6 DILAR (CA2) Z v kg %%
ZiTolo e A, CAIOTF N E ViABBKBEIL ST
WD HL, NIRRT Y 7 U AV DE|
BREBITE NPT, ZOREND, HEMMOHE

WA D 5 S A O~ DBEREEN N E N &R
TRENT, FT7-CALZ RV B YL ER I, B
BRI 2 oA, K THEATOIARILICAE

AR L TR WSR2 R L, PAHIBIARE L IS
1T o 72 FEBR TR YL R 121 2> 5 24 IR R O IS
YWUAwHW%tD®#Eﬁ@ﬁ%WLt@Kﬁ

. PR T IEETICAT » 72 EBR TIL 2B/ 2 5 2485
%@%%tf LAEREOBIMIR S oT,
FEER TR v Y AVIHIES -0 ICEEND
HABIORITHETAEEEZITR N o7, L
Al 7 1 LT3R E % OBIE O 5 ARG Lo
WEW I FEERNRE SN TWAR@)., Aok
AR B O M JE M N R YL I E R R R R 5 2 e
WZ EERIEBEL TS,

[3Z#K]
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The mechanism of escape of symbiotic Chlorella sp. from the host

Paramecium digestive vacuoles

Yuuki KODAMA and Masahiro FUJISHIMA
(Biol. Inst., Grad. Sch. of Sci. and Engeneering, Yamaguchi Univ.)

SUMMARY

In Paramecium bursaria, each symbiotic alga is enclosed in a perialgal vacuole derived from the host digestive vacu-

ole (DV), which protects the alga from lysosomal fusion. Algae-free cells can be easily reinfected with algae isolated

from algae-bearing cells by ingestion into DVs. By pulse label for 1.5 min and chase, we showed that an alga can suc-

cessfully escape from the host's DV after acidosomal and lysosomal fusion with the vacuole has occurred, in order to

produce endosymbiosis. When symbiotic Chlorella sp. isolated from P. bursaria were ingested into the DVs, each algal

cell was pinched off into the cytoplasm and enclosed within the DV membrane, irrespective of whether the ingested cells

were living or had been killed by boiling. However, this phenomenon was not observed when labeled yeast S. cerevisiae,

India ink or latex spheres were ingested into the DVs. This suggests that a contact between the DV membrane of P. bur-

saria and the cell walls of the algae may participate in this phenomenon. Effects of various temperatures, pHs, and en-

zymes on abilities for escaping from the DV and for maintenance in the alga-free cell was examined.

[B#I] X RU YoYU ATl Paramecium)@ D ClrEmk
-7 1 L7 (Chlorella sp.) Z#UANIEAE S G561 %
FFoTWd, YrEAT 4 v 7 MlanbhAEs i
BEL, ToO®REEBEEZBRELETFREST 4 v
ML EBATHE., 7 LI ITARAERE L TEE
TA Y Y= AWFEE L2 WPVIEIC L N C RS T
HTEMTED, TOXIZIRIYOUIATEY
o L7 XE M & EE & OfIE PN 3 A o G R
WL CRIBTT DI D DD E YT 5 DI L 726k
THAHN, EOXHCLTrZr L IBHEbERNT
PN 2 BIAT 2 OOV TIRIEE A ESY
MoOTNRY, £ T, FaIEERMICEYIAE
D770 EREMEZHIRL, % OiEdD % B
TH/INNATGRNELTF = f ADOFEIZL - T, Mg
AT U 7o AR B ORI, 74 Y Y — A
A OB H & & i o MR [l ~o < iz
Lo TIREICHE Lk /7 n LI ThH I L
% B 5202 L7z (Kodama and Fujishima, Protoplasma,
2005, in press),
ZOMFFRTIE, ED X HIT U THAEME EH
BIZBM T 20 EHR/~57lc, Ao Lizd4g
w, B, TT v A =R, S cerevisine® 5z 7=
ORI TH ZOL I RBEENRROENDITHONT

Tz,
S BT, HLAEBMEED Z ORI KT D B fiREE
#. EAHENMBER, A pHOPEE T,

(MEERZE] HAERER-2NT R ST 4>
7 M@ (OS1w) 12, ByFR°Saccharomyces cerevisiaeX®
TT v A=A, WERE ESRETELX. 159
D/ AT NNARIZ T8 Ui & 72 13 E 251 5mm
DFABRY Ay aTHREL, IMRIZEST-Z0D
ERE L, 20Ok, MlRs BIEREIC4% (wiv) 23
FARNLT T B RTHEE L, EERR»SMIE
~ORHAERE D EBE L, £z, YU ULy
(P. caudatum) 2B W ThH, 7V AT~V E35HAT
VW, ZORIFRRD FIETRMOBIEZITo 72,
SBIT, Y EAT 4 v 2 Ml (OS1ghk) 76 4t
WA HEE L SRS (oo~ VX —E [220 pg/ml,
30°C]. B-HF 2 k¥ —F [220 pg/ml, 30°C]. B-7
L3y Z—F [230 pg/ml, 30°C]. 71T F—FK [3
mg/ml, 30°C], U 7 « 47— A [1.5 mg/ml, 25°C], V
/X—¥PN [3 mg/ml, 30°C]T1%721%6 hLE), #FE
B\ RFpH CHE L7-%, FUNLVKEKETHEL, E
FLOFELRRICT R 4T 4 v 7 gz 5
X IO OB TEE/RD D O H K QY
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G2 D~

(FHEREEE] SNV YUY LVICENT, 77 v 7R
E—X, RANLUEEERRZ 5 X 2GA I3 E EA
6O IR NN T2, 1045 MARA v L

- A SO & TR IR R R BE ) S FETE L
72. Suzaki et al. (2003) X, BERIE AT R A
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Ecological process of producing endosymbiotic relation between Chlorella vulgaris
and Tetrahymena thermophila in microcosm composed of C. vulgaris, E. coli, and
T. thermophila

Akiko SANO', Hideaki MATSUOKA?, Toshiyuki NAKAJIMA?
(‘Grad. Sch. Sci.and Eng. Ehime Univ., *Fac. Sci., Ehime Univ.)

SUMMARY

A microcosm composed of three species, including algae (Chlorella vulgaris), bacteria (Escherichia coli), and proto-
zoa (Tetrahymena thermophila, containing two different mating type), was fabricated to investigate an ecological process
producing the evolution of endosymbiotic relation between algal and protozoan cells. The microcosm, containing 250 ml
culture medium in a glass-bottle, was cultured over 1,200 days under 12h-light/12h-dark condition at 30°C. T. thermo-
phila cells containing algal cells within the vacuoles (TC cells, hereafter) were observed from the beginning of micro-
cosm culture, whose frequency was maintained around 50% in the T. thermophila population until about 100th day.
However, the TC cells increased in the frequency in the population, which reached about 90% until about 260th day, and
maintained the frequency during the experimental period. Measurements of dynamical changes in other components of
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the microcosm revealed that photosynthetic activity of the algal population began to decline after 60th day, and bacterial

activity of decomposing the detritus of dead cells began to increase after that. These indicate that the concentration of

DO (dissolved oxygen) in the microcosm decreased at the late phase of the microcosm culture. These results and other

data suggest the possibility that TC cells increased in frequency due to an adaptive advantage of obtaining oxygen from

intracellular algae in a low DO environment.
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Investigation of Infection Process of Holospora obtusa with Monoclonal Antibodies
Specific for Special Tip of the Bacterium and for Actin of the Host

Paramecium caudatum

Koichi INATANI', Yoshiaki NAKA', Yoshimitsu NAKAMURA', Hideo DOHRA?, Manabu HORI',
B. Franz LANG?, Gertraud BURGER’, Masahiro FUJISHIMA'
('Biol. Inst., Fac. Sci., Yamaguchi Univ. “Insti. Genet. Res. & Biotech., Shizuoka Univ. *Université de
Montréal, Départment de Biochimie, Canadian Institute for Advanced Research)

SUMMARY

The endosymbiotic bacterium Holospora obtusa infects the macronucleus of the ciliate Paramacium caudatum. This
bacterium enters into the target nucleus with a tip of the periplasmic region first, but never with the other tip, suggesting
that this special tip may have an important function for infection. In order to clarify the substances in the special tip, a
monoclonal antibody against the tip was developed, and the antigen of 89k was purified from 2D-SDS-PAGE gel of the
bacteria. After determination of the partial amino acid sequence of the 89k protein, a gene coding the protein was cloned
from the bacterial genome using oligonucleotides against the amino acid sequence of 89k protein as proves. The ORF of
the protein encoded 750 amino acids and possessed two actin-binding motifs at the N-terminal. Indirect immunofluores-
cence microscopy with an anti-P. caudatum actin antibody and anti-89 k antibody labeled the bacteria escaped from the
host digestive vacuoles into the cytoplasm. The anti-89k antibody also labeled several dots on the macronuclear envelope
if the nuclei were infected with the bacteria. Transmission electron microscopy showed fibrous materials around the tip
in infection. Correlation between the 89k protein and the host actin was discussed.
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Micronucleus-specific bacterium Holospora elegans enhances stress gene

expressions of the host Paramecium caudatum ireversively

Manabu HORI, Kimiko FUJII and Masahiro FUJISHIMA
(Dept. of Biosci., Fac. of Sci., Yamaguchi Univ.)

SUMMARY

The bacterium Holospora elegans is a micronuclear-specific symbiont of the ciliate Paramecium caudatum. H.

elegans-bearing paramecia could survive well compared with Holospora-free paramecia under the heat shock condition.
And symbiont-bearing paramecia expressed high levels of hsp60 and hsp70 mRNA even at 25°C. To determine whether
infection with H. elegans confers heat shock resistance on its host, we had prepared aposymbiotic paramecia that re-
moved the symbiont with penicillin. However, aposymbiotic paramecia could survive at 37°C and also express high
levels of hsp60 and hsp70 mRNA at 25°C. Furthermore, in order to determine whether unknown substance originated
from H. elegans is in a micronucleus, we had established amicronucleate cell that removed a micronucleus from aposym-

biotic cell by microsurgery. Surprisingly, amicronucleate cells still expressed high levels of hsp60 and hsp70 mRNA as

same as aposymbiotic cells.
ireversivly by H. elegans.
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These results suggest that the host Paramecium was made to transform the heat-tolerance

(MR EBR] KR RNIEAMEH. obtusa, KT,
INEFF RO ICEMBEH. elagans & H. undulata % Fi
T, HAEMBEEMERF L7 7Y AV EHERF L2

7 U LAY, HEMEZN=V) Lo TRELE

VU AVOBBEIMEE LR LT, EORER. IME

FRMIEAEMBEO EL L EMFFL TV DY AY

b, EHTHREMELRE LK TYH, HAEMEE

MERFEL T DY o U AV EMFFL TRy o U A

TOHHL VORI A R 2 E R bnoT,
FIZ, ABRO3SOREIZH D VY AV DA R L

A 25 s 1 (hsp60, hsp70) D F& BLE 12D\ T,

Competitive PCRIZ & - Tz & Z A, BRHED

FER A EATT 2 K 91T, /MR R I A 2 KA

TRELEZY T U AVTYH, 18EDhsp60, 70 s T

L EFEBLL Wz, ZORRIE, MERR A

AIEE H R, o, M2 ISR L2 &I

LoT MENOREFAEED A b L AISEBIGT

DORBUCAR W R 2B xS L Z &2 RE
LTW5,

ZIT, BEOBLFREALEEL TWD KT

M, IIEICTFEL TWDEDMNE I INEIEND DT80

2, JEHITH. elegansRE LT U U AV D/NEE



Jpn. J. Protozool. Vol. 38, No. 1. (2005)

—HORBEE L L bICkkELZ, ZORE HB5
NI/ NME oM, BUEHTE S . hsp60, 70 AR T
OWMFFHBR G, IMEEBRET DRIOY T U L L7
WAED DN holz, TDOZ LIk, /IMEERRMN I
EMENRERGT 2 &, EERBICERL, KREDE
BT RBERSHREZZELTCLED E0H 2L 2R
LTW5,
TUE, 2, 8 EOBIRTIBLE R IC e
LTCWDDONERRDHT2DIT, H. elegans DIEG LT
LN & H. elegans D77/ I DNA % 34l

#@#LTW\ﬁbnfﬁ)lm/®ﬁf* HEH LT, %
DOBEF NI, TORE, PEEEEZER LY

ﬁ)Ayfi\mem@m%w%ﬁ_kéﬁﬁm
WL72 o 7o M, H. elegans D77/ I DNA Z1E5 L7z
V7 U ATk, hsp60, 70085 T-FEBL R ISHINN

93

LIEDORERMN D, MR RIS EMEICOR RS
o, —E LAEMBEREE LY U U AV T,

RAWPIZ A b L AJREE m%mﬂ@%ﬁbmwé
LWOHRIT, LTOLIREHNEZLLND
&#%ié%%@f/AImA\ﬁwu\%ﬂﬁﬁ
M, ATSDORBE THRIZITBIT L, 71 AT B
SN THERF SN TS, Lol ZODNAE, Vv
UAUIZESTIE, BYMTHE7H, A M LARE
DFBINFTTWDE, 2L T, ZORKE, HEl2
AN VAREBEBE RN, el XA L AICKL
T, ERLIKISTE DI, A LV AMMEE LT
B EShoTERVrEEZX LN,

[3Z#K]
Hori, M. and Fuyjishima, M. (2003) J. Eukaryot. Micro-

Roni, biol., Vol. 50, No. 4, pp. 293-298.
WMERT LT 7 U X~ 0 RN CTRE 7RISR BT 5861 O Bk
HHP R, il MR, BARRIT?

(FRBRA&FR - Bt - E%ﬂ?

TREIR - B

A B RFH)

Cloning of the genes specifically expressed during the induction of conjugation in

mating type II cells of Blepharisma japonicum

Yuri TANAKA', Mayumi SUGIURA? and Terue HARUMOTO? ('Division of Biological Science,
Guraduate School of Human Culture, Nara Women's University, “Department of Biological Science

and Enviroment, Graduate School of Human Culture, Nara Women's University)

SUMMARY

Conjugation of Blepharisma japonicum is induced by interaction between complementary mating-type cells I and II.

Both mating-type cells which received complementary gamones undergo morphological changes and start to unite. It was

reported that protein synthesis drastically increased during this time, and this protein synthesis was indispensable for the

formation of conjugating pairs. However, it is still unknown the genes expressed specifically in the induction of conjuga-

tion. To identify genes involved in these processes, we isolated genes expressed specifically in conjugation-induced type
II cells by a cDNA subtraction method. To induce mating-pairs, we treated type II cells for 4 hours with cell-free fluid of
type T cells containing gamone 1, then purified polyA'RNA. PolyA'RNA was subjected to cDNA synthesis, and the
cDNA was subtracted between such treated cells and untreated cells.We have done subtraction twice and obtained 8

products. We sequenced some of them. Homology search revealed that the two of these fragments showed significant
homology to CDK family (Cdc2 and Cdk2). Northern hybridization demonstrated that the transcription occurred specifi-
cally during the induction of conjugation. We also found that the transcript already appeared 2 hours after gamone 1

treatment.
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(258 bp) . & L CTHF4rAIIZCyclin dependent kinase
regulatory subunit (Cks) & fH [E % D & 2% Bl %] (227
bp) O DDPCR EMREHEN TN,

=P T EA = a v EANTIETIC
£ 0. Product ADURTFEEW DI HEG KGRI RFEAIZ
FHELTWDH I ENERINT, £z, TE 1AL
Fla L Co B2 I Tl Z 0@ iRE S
TWBZ EBRENT,

LSt ZOBBTHEGHEEIFICED LI ICH
Do TWVDHDH, ZOWREEM~D L L bIT, D
FEHBETIZONTH ) —F g TV E A E—
T a VETORBZTARDILERD D,

[X k]

1) BASIL, BHEHZE (2003) 777 ) XAv0
o, RAEBYTHES, 36(2), 147-172.

2) Miyake, A. (1981) Cell Interaction by Gamones in
Blepharisma. Sexual Interactions in Eukaryotic Mi-
crobes, pp. 95-129.
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Development of a transformation system with mitochondrial plasmids

for Paramecium caudatum

Taro AMANO', Kazumori YAZAKI?, Yoshihisa NISHIKAWA' and Yuuji TSUKII?
(‘Sch. of Eng., Tokai Univ., ’Sci. Res. Ctr., Hosei Univ.)

SUMMARY

Mitochondrial plasmids found in Paramecium caudatum in 1994 have been so far studied for their structure, but their
physiological functions are still unknown. To clarify this, we attempted to introduce isolated plasmid DNA into plasmid-
free recipient cells. Cells were treated with ice-cold calcium chloride and the plasmid DNA. After the treatment, cells
were cultured for about three weeks, and then DNA was isolated from the cells to conduct PCR using primers con-
structed from known sequences of the plasmid (type Ia). As a result, plasmid-specific sequences were amplified from the
isolated DNAs in 7/61 samples, indicating that plasmid DNA was introduced into the recipients. Furthermore, plasmid-
specific sequences were detected in cells which were cultured for three months after the treatment, suggesting that im-
ported plasmids can multiply within the recipient cells. Fractionation of the cells suggests that the imported plasmids are

present in the cytoplasm (outside of mitochondria).

(B#] Wk bar R TSI 23K (mtp)
WX S, EE TS SR Tn s, B &
LTI THEERY 7 U Ay (P caudatum) TIH
R, YUULAYO mtp i, S har U7
DNA CHHFEMENIES | 77 A I REFFOR & Fiic /e
WEER WD, Fio, BB L AT T A
I R type la TORIEEFETIOWE /2 & Ok~ 2piE
FEMT BT ON TE7om, Tk TICAB AR X
BN STV, A EAEFSEEEREZ B & 2
W22 LH2HMELT, 7T AI REREERVEE
W7 T AI REEAT RO EZRALT,

M EAFE] (1) 77 AI ROEA : donor (I
X, YU U LAY mtp D type Ia & FF R A4 Shd2,
recipient (Zi%, 7T A I REFFZRWEFAR Cy 2 &
ERA L7, EFMO recipient Oz =L L, £
7-HEAE (0.5 ml) (2, 30 mM CaCl, %59 2 ml il 2 C 30
7y OCTRRE I, HERLL, RBLZHT,
Sh42 Bk SR L7z mt-p (1.0 ml, #9 0.16 ~ 0.21
pg) Mz, 30 23 OCTRE L, £ OREEEKZ N
Z. |IRT2~ 3 @MEE L,

(2) BATIZI RO/t - mfEb (2001) 2RE
L7277 A ROREIKESNND 7T 4 <~ — % 1ERK

L. mt-p ZRHT D700 T~—h—& LTHIH
L7z, 7Z7AIFEA% (1 »HURN) . I b=
FU 776 DNAZEIRL, EROT T A ~—TFF
AI ROEMAEME LT, X5HIZ PCR THEL 2o
ToHIfaEE 2 ~ 3 y ARSR L7cth, 7 v — o & Hif
L7z,

(3) AT T AI ROFHEDHER : Btk /s m—r
F,OKREEHEL, I b FUITRHEZOM (2 F
2 KU 7L @ DNA (24317, DNA DO H#EZR,

PCR Z1To7z, S OICHEEL Mz, AHDHiE
ko, % (R D) oL iRSY LSO
HHE) D% %725 DNA ZfiliH L. PCR 217 -
77

MERRUEBE] (1) AT ZAI Fomb : #Hik
FNT T AE mt-p T L, ffaEEE 2 ~ 3 LS
F L7-th, MR S L7z DNA 2881 L
T PCR Z{To72L 25 7/61 V2 7 B THEITE A
R TX Iz,

(2) BATTAI ROMEE: (1) T PCR BiED
MR DRIEE 3 A DL EEREE L% ofiiase)
5 576 7 m— 2 EA{ER L, PCR 1T 7-fEH. 4/576
Wtk o— o 25T,



96 JRAET MRS B 388 15

(3) 77 A FOFME : ZOHEAKRDOMLLIZ mt-p
BHEEL TWDONEMHENID DT, 2 har R
TEZOM (X hay KU TLSN) D4 DS DNA
EHIH L, 7 —ABRIKE L2, WThosy
WD ST T AI ROANY NIIHRTE RedoTz,
L2L, PCR #{To7-b A, Zoftt (I har K
U7 LIS O3 EI BRI L7 DNAIZEBWW T O R
MEAER CTE 7z, Wi, FUMEEE (R, /MZ)
Ex o (BEUAAOMIE) Of% 4 »biliH L7k
DNA %Z#H L LC PCR #{To7=& 2 A, o mEH
HITMIRITE &3, 2ot U oME) o
MO ORMBIENHERINTZ, TNHDZ Enb, #E
ASNEZTTAIFIE, BEBXO bar R 7w
TN THELS, MIRENCHERE, ERIShTWbZ
LRI END,

WhE L Tetrahymena thermophila \Z
citrate synthase E{x 1 & & O14E
<KD B/IMEA~D RNA %41 L7z

?5(93 (%/Rk% IKJT:Q,\“

2005 4F

E7-, mt-p OERICHOVWTIE, S Fa R T %
WL TCND X U RIEIZ YR Y -ATELRTOD
R R RYTIC@ESND, ZOMBEEBERICEN,
T mtp 2, WK E R X B E o> TS H
RMERE X bND, 5% mtp OFRLEFE T X OV
JANTOBEBEF LM TH L L BT, mtp BAK
BRIV == 7T HFEERBE LT, mtp 27

— & LTHIAT 2B EIER R Z BT,

[3ZAK]
KIFFNES Mo RURRER IR = R A A 4EaT, pl-
8 (2001)

Tsukii. Y. Eup. J. Protistol., 32, 165-169 (1996)
Tsukii, Y., Endoh, H. and Yazaki, K. Jpn. J. Genet., 69,
685-696 (1994)

BITFHIEI a7
BAR T OREERENT
BLTE O >

AR

A reverse flow of genetic information from the somatic Mac to germinal mic sug-

gested by the presence of a processed pseudogene of a glyoxysomal citrate synthase

gene in Tetrahymena thermophila

Atsushi MUKALI (Div. Life Sci., Grad. Sch. Natural Sci. and Technol., Kanazawa Univ.)

SUMMARY

Two glyoxysomal citrate synthase genes, a functional gene and a pseudogene, were identified in Tetrahymena ther-

mophila. Phylogenetic analysis revealed that this gene was directly derived from bacteria such as green sulfur bacteria or

proteobacteria via lateral gene transfer (LGT). On the other hand, the pseudogene was characterized by the loss of in-

trons.

The absence of the introns indicates a duplication from the functional counterpart via mRNA intermediate. The

discovery of a processed pseudogene suggests that genetic information reversely moves from the macronucleus to micro-

nucleus mediated by reverse transcription. Because of the low fidelity of reverse transcriptase, this direction of gene

flow may facilitate acceleration of the evolutionary rate of protein-coding genes in ciliates by accumulating mutations

into the micronuclear gene via homologous recombination.
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[BH] 7= iapilEd(CS) XX b= RUTD
TCA cycle {23 T, acetyl-CoA & A%V o Filz) 5
I oMEAEKRT AR L LTV TV D, —J,

BETHALVE XY — A TR U A F
YV — MMZHFFET % glyoxylate cycle IZBWTH, CS A
BTN AZEBHMBLNT WD, HilEl Tetrahymena
thermophila 7> 5 1% 5 V7= CS BAG T (tgCS) D ELF
F, TTCIEHEDOHLI P FYTOLO LT
WHHRIPE L 2vRSF, N7 7 U 70 CS &\ HIA
MERLIZ, 20D, ZOBEFIINZTY
T BBIE AR (LGT) 12k - CTEELT-LO
TEEZLND, AE, Z0 tgCS BIr 0. £D1E
BB T O 2D, T thermophila DL DIEFE %
oz exAE LTz,

(#144 & A3K] T thermophila (CU813 and CU428) %
W/, Z ORI P. J. Brouns (Cornell Univ.) 7> 5 THW
72, Sepasol-RNA super (Nakarai Tesque) (Z & ¥ total
RNA Z it L, 3, 5 RACE RT-PCR % SMART
cDNA synthesis kit (Clonetch) Z V>, 57D cDNA
2E%H57-, F7-. inverse PCR |Z L - T, genomic
DELH) & pseudo gene DERELS N2 15T, RHH DOIE
flx PHYLIP package @ PROTPARS program (MP),
PROML program (ML) % i\ 72, Bootstrap @ it %
1%, [Al package ® SEQBOOT program {Z K ¥ FHE L
72, Southern blot analysis | EcoRI-5% 4247 fi# total
DNA % 10 mg H . tgCS O FB 5y BLF % [a-(32)P]
dTTP TZ L L Probe & L. low-stringency condition
T Hybridization %177, Northern blot analysis (233
T 4[] probe & VT,

[(fEREBR] S LI cDNA LSO 4R b
ESNDT I BESNET LI2& 2 A N Rl
peroxisome targeting signal (PTS-2) DELHIN IxD7> >
oo ZOZEMB, ZOHESIN glyoxylate cycle T
VU BERBE#EE A= FLTWHEETFTHD
EEZ DI, tgCS AT, £, ZoESIDO%R
FARMT DOFE R, RSO ERZ AW IR OBF| L&

bootstrap fE CHAM TH DL Z L BRIz, Ly
L. tgCS X, 27 L—RZIEEnt, 2 H0E
BAEMOH D L & I proteobacteria X° green sulfur
bacteria & i\ bootstrap fE CH—27 L— F&ERL L
7o & BIZ. Southern blot DAL B | ITARDHETE h
2V T. malaccensis Z &, ZOBFNIHFRIMED & 2
LOBFELBRNWI ERN R I, bl E
Mo, tgCS BlFNE ANT 7 U T OBEE T DN BIE K
BRELGT) CL>TBITLTEEbDLEEZLN
%, Z@® LGT DidFEIZ >\ T (Recent LGT) &
(Ancient LGT and multiple loss) @ 2 DDET /L% 72T
7

—7J7. inverse PCR {2 X > T, genomic ® tgCS AL
L bz, ZoEfaT D pseudogene DI/ ELH S
LDl AT 2B ok 20
pseudogene DEIFIH D intron MRV TV D Z &2
A LT, ZoZ enb, 2 DB processed pseu-
dogene TH 2 &E X b7z, processed pseudogene 3
mRNA & L7255 L > TT&E 5 cDNA MAFH
RENDT 7 DAV AT Z & TR IILD, WiEE
SR OIETEIZ. T thermophila A X A 0 =%7,
U LVIZEBNT, TTICHREN RSN TND, &
51T, Z @ processed pseudogene DFFFEIZ LV, T
thermophila \Z331F % KD & /NMESDBIRITFEHR D 1H
MR END,

DIRI2 6, B R OBE T2 H VRS 2 /ERkT
D& RMBARE B L RN R & 70 2 2 L DV E 2
HEINTEY, BELOBBTFOEFHENKE N
EWVS ZERERM SN TE 2, Z OMELEE AN
INDAH=XLOFHM E LT, FIREHR LB
FHROMRBBEL LTWDHEWIETANREIFIN
TW3, DF Y processed pseudogene DIFIEIL, Z D
ETNEIFFTDALEE X D5 ENTE D,

[3zk]

Mukai, A. and Endoh, H. (2004) J Mol Evol., 58: 540-49.
Nugent, JM. and Palmer, JD. (1991) Cell., 66: 473-81.
Endoh, H. (1994) Jpn. J. Protozool., 27: 55.
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Highly clustered gene organization in the Paramecium caudatum somatic

macronuclear genome

Naomi KIMURA (Department of Biology, Faculty of Science, Kanazawa University)

SUMMARY

Each cell of Paramecium caudatum has a somatic macronucleus and a germinal micronucleus. Ploidy of the macronu-

cleus is approximately 3,400n (Soldo et al., 1981) and assure all gene expression. So far, only 25 genes in P. caudatum

have been registered in database (NCBI). To expect the overall structure of the P. caudatum somatic genome, I ran-

domly cloned 6 fragments of the macronuclear DNA ranging from 6 to 10 kb, and sequenced totally ~50 kb. Sequence

analysis revealed at least 24 known and potential protein-coding genes, suggesting highly cluster gene organization.

Most of the the genes were arranged in the same direction beside one gene, and intergenic regions are short (42-1212 bp).

All of introns identified in this study are also short, as expected previously. This pilot genome analysis suggests that P.

caudatum retains the highest coding density (78%) on chromosomes among eukaryotes including P. fetraurelia (74%)

and budding yeast (70%). This clustered organization must be the result of adaptation for achieving an extremely high

copy number (3,400 copies) in the macronucleus.

[(BM] #BRY 7 U LUITIREE « HREStICZ 2 B
QRHDEE (KEEE /ML) ZFioCnd, KEZIT, M
JAOHTECHEFF D T2 DB 2B 22 2 F b LT=&
JEREENEDOR T, F8E T2 3400 2B —5H 5 &
WhEINTWBEY, I, IMEITEARB® E <
WA, R E K RO DK
B L HAMERTERT B, i < 2 Bk & 2B FRIC W
LILTWVWABY T A ThHDBN, IMEEREDT
LHEEIL, IEEA WL NI TR, —T5,
VO AVOERETHDIE AV T Y AVTE, K
e ) B DT4% M a— RSNk Glfs 1-5Ek)
T, D72 < 130,000 B THDI ERWMEINT
W5, KEFZEO HINIL, K% DNAKH 07 n—=
V7 WEBAIOWTE - SR L& LT E#RE D
LIZ, YUV LAVOREY ) AMEEET ONICT D
ZEThD,

(M & AKXl VU U LY (Paramecium caudatum)
syngen3 |ZJR T HUPAAIE KNZ 2 (B4 E) % ff
L. B#1E, 25+1°C TR I ZRo7, YU ) AYOD
KET ) DEEZR G T D720, ME»s h—
%L DNA #fiHi L, @ F—# /L DNA % flfREE R

(All) THIWF L7259 300 bp D @ F—F L
DNA % iIfRI%5% (BamHI, Psd) THIKr L7=K 6-10
kb OfElEE., Zd 250 DNA #EILL., T % AT
sma—=7 1Lk, Thth (D32 7v—-r @
67 m—) OWEIEYNEZREL, BT EIT-o72,

BEREEE] VY ASDOREY ) MEEEH L
IZ9 5 7-0I2, DNA HEESI O 237, XU
Iz, HIREEE (4l MEE S Z /o7 h—& L
DNA Z2J VA Az u—=27 L1, HEMEHRE
(GenomeNet, Blast) #{T > 72fER 6, Z7u—A1kLL
7232009 5247 v — > T, PREMLGT = — NEEA
B o tz, ZIVUFFEFICE WEE T, BMICE
% & KE; DNA D75% 723 22— KR CdH 2 ATREME DR
WIhiz, ZOZEiE, BEETrRAEsEETca— X
NTWDHZEERBELTCND, £Z T, ZOAHEME
ZWFEET A0, L DRV DNABYZfi#tr L. 8%k
DOBGTFDEBIZT— RENTWDDONERFELT,

#6-10kb D DNA %2 7 V' A Ll /7 u—=2 7L, ZD
IB6r u—r (HF K50 Kb) OHILEY] % R E
Lz, 75L&, ZNENO DNA KA IZIE, 54
o THEER T2 — FEEASH Y, FEEFROHE
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ﬁﬁ\@W“4ﬂ%pE0ﬁol@’&W6 s
LY OREE DNAZIE, BEEICEBTRIEATHNS
ZEDNHLNI R o7, W /\f*ﬁi%fi B
TG AHRIZHAE L, REEEYTIE, BThd L
wé%ﬁm%%iék YUY LAVIE, Eh bk
W L FERAYIGE VN EB T OREE LTS &
5 Z ENRbnols, AEI G LT DNA ESX
950 K TZ O DNA EHIHFICTFABEE T = — REEK
EEBEZONDLEIIID R EL224EHTE T, &b
W2, ZOTPEEET T — REE, 4RI S M
7= DNA Bi% (§150 Kb) D782% TH 7=, 1
3, BETEESEVERESH TV D EEAEY
(BAY T U AR yeast) LD HEWHERTH -
7. F7=. K50 K ® DNA B G + C content IZ
30.6% T, =— RNHEIK TIE34.4%, FE=— FETIX
26.8%% W\ O FRITHESR b D7z, M T, 240741
AR 9 B3IDOEBTIZONTA > hr T
LEFNHA LR F0 OFEHMEIL, 243
nt 2olz, 7 AV A X BIETHTEHEAET BB

BERETIHEIZZ—RINTWAZ EBRMLNTND
yeast GEAR 7L :2.09) LRI HWTHHoT,
F 72, TH Zagulski 51 X o THEAT Sz imE <
BHHEAY UYLV EE, WL ) LS E
LTWBZ EDRBH LM ’tiofcz)

V'Y AV DKEE DNA ISEETHEBEEIZ Y
T=UINTWSHEWH Z L, BF6L/ME DNA
M B KEE DNA ~FHES LR THDH EEZ B,
INEF ) BHRICITEEFREBIEL TWDE ., i
:~%ﬁﬁkﬁw#:%bﬁﬁm%é&w97br
DHERTE D, BT, YU avid, #Elhoilk
T\$%KDNAE%%Wéﬁt®fi&<\k&é
0 OBBGTa—ERENSE D708 s TH
WRREEICRD LWV EISHELR S > =D TIEAR
WinbHEETE D,

[3ZAK]
1) Soldo, A. T. Brichson, S.A., Larin, F. (1981)
J.Protozool. 28: 377-383.

TEE (ERTRAEEEICa—FIhTnd iEd
SUVMIE) 1E, 2.08E F O RERICR -T2, ZOFEI

2) Zagulski et al. (2004) Current Biol. 14: 1397-1404.

SN NKEET ) A~DWTE Tel T v AR v DlER

bR (SRR - BEER - EaET)

Transposition of artificial Tcl transposon into macronuclear genome in Paramecium

Sanae NAKAYAMA (Div. of Life Sci., Grad. Sch. of Natural Sci. and Technol., Kanazawa Univ.)

SUMMARY

In the ciliate, Paramecium tetraurelia, thousands of internal eliminated sequences (TA-IESs) are excised from the
germ-line micronuclear DNA during macronuclear differentiation. Based on the resemblance of TA-IES end sequences
to Tcl transposon termini, it has been proposed that TA-IESs might have degenerately evolved from Tcl family trans-
posons. To know the mechanism of the transposon invasion into macronuclear genome and evolutionally into the micro-
nuclear genome, using a Tetrahymena metallothionein gene (MT7T1) UTR as a promoter, I constructed an artificial Tcl
transposon which can move within the genome of Paramecium. After plasmids carrying the artificial Tcl transposon
was microinjected into the macronucleus of P. caudatum, the injected cell were treated with CdCl,, expression of the
TclA transposase was confirmed by RT-PCR, indicating that the M7TTI promoter is functional in P. caudatum. Al-
though not so efficient, successful amplification of the introduced transposon suggests that transposition into the macro-

nucler genome did occur. The ultimate aim of this study is to make a reproduction of an evolutionary process in labora-
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tory from invasion and fixation of transposons. The first step of this study has been cleared by the success of the artifi-

cial transposon.

[(Br] BRI —o0MEPIZ 2 FEO, /M
(VERARR) L KIEE (REBE) &bo, AMERTHD
BT, RO REZIZ/NMED S5t i)
T 5, REETIEREEZ: DNA O BREk 1T
. BEREROZR KIS ) DINERERL SN D, DL X
WREFEINTUE /MR RELS 2, L TH
BRERZEIS]  (IES: Internal eliminated sequences) & X
5 BEAY DU AT O IES (TA-IES) 3% OREENHE
o, DO TIET ) DR A LT Tel 77 2
V=D hT AR R L7 DNA EEFITH B
LEZoNTWS (1), RAE, P T ARV D
MNIPEL D S REOTHTBIEZ VT 0o Ty
MEEZT, FTUARY AIETRKEIEALT
IE—EHEC LIk, OB TMEICER L0 Tk
RWEA DI, T, FUIMEBEKD Tel K7
AR 2) BV U LAVRENTHHINICEES S
., IES DO BELZ XS Z & 3 A7z,

(M EFHE] BEELRBA T OFETFTHRET ST K
TERATORZaFARA VBETOTRE—H—
Q) ZHWT, YU U LTDORENTERRS
(TclA transposase) ZHBLT D& Tel N7 U AKRY
VEME L, AT ARA rEETO 5 EK
25 kb (FRE—F—%Elr) L 3 fHK 03 kb (K Y
A s 7P nEETe) HFNEh TclA gene Ok
THICHAL, A by 7 a Ky TAA 2i#iEHRO =2
by 7a RUTGA ICEEMZ T2, EHIZ, 1V =
Iy ary LTI AI KRRV 7Y LY OREEN THE
FEnsXoc, X7 ¥—=T7u AT7TEIEHFAL
7o MHIBREESRALERIC X > THREGICT 1 A 7RSI &
FOMIKRTIAIREL, YU U LAVOREEIZ~A
ruaA V= varliz, 77 AI ROFMEIL 3
AR &2 57 L L7= PCR I X » CHERR L 72, TclA
gene OFEBLL, MIE% 0.5 pg/ml HEfbH K 0 A TR
HLUTHFEL, BB OMRIT RT-PCR EEZ AN T
1Tolm, i Tel b T2 AR OB OMERIL.
PCRIELF ) I v PP ot TV EAL B —2 g
W TITo 7,

FEREBR] YU U AVOKRENTO TelA gene D
FEHL/N, RT-PCR {BIC k- TR &SNz, 2Dz &
MWH, ThITERATFTODAFZ TR AT aE—
=TV AYTHLHEITHD Z EAMERI
2o F72, PCRIEET ) I v I F g TV HA
B—vaitkoT, i Tel hT AR OF
J A~OEERBRRB STz, Lo, BRI
TELNR otz T UARY OB, 13T
T UHE BNATOND 20, 7 A~OiEH % ik
200, ¥R L7z B ORI 2 FIERLETH 5,
ZTD—DDHEE LT, BfEIEA 73— PCR IEIC
L 2FAY A FOBmMEBRTF LT 5,

—J5C, Ml A T ) HIZT T A I oM
NREEC 2o T2, ZDZ &G, YUY ATDREE
WNT, AVl var iz 7RI RBHEFISH
TWRWZ EBRHA LN R 5T, T ORERITMOHE
FEHOWE Lo TWD, IREIIC mRhE 2tk
NI UARY COEBEITOICIE, BaE—D 8T
VAR UDIFEL | MR EBEERE OR BN L
BTHD, SBRIIKENTOT T AI ROmaL—
OHERFE . TelA EBEETR OB WIEBL RO LEIZON
TOEENMETH D,

BEEZEZ BN TS IES DRFES AT LD Scan
RNA theory (4) & IES @ kT > AR Y U RIERHUZILF
EN DD, WENT VAR voFEEES 2L
T, ZOFEEMSAOADBLONDD TRV NE
WL TV 3,

BN

1) Klobutcher, LA. and Herrick, G. (1997) Nucleic Acids
Res. and Mol. Biol. 56: 1-62.

2) Vos, JC., Van Luenen, HGAM. and Plasterk, RHA.
(1993) Genes & Dev. 7: 1244-1253.

3) Shang, Y. et al. (2002) Proc. Natl. Acad. Sci. USA 99
(6): 3734-3739.

4) Mochizuki, K. et al. (2002) Cell 110 (6): 689-699.
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SH HEAEMZRIEIC L A TN AR 32— AUHERREE &
F OB 200 kDa # > X7 &

Fang, Jie, "5 1%, A&, &I & (RAGER « BeEt 1)

Contraction deficiency of Carchesium polypinum by SH-modifying reagent
and its 200 kDa protein

Jie FANG, Jyun NAKAYAMA, Takeshi ITABASHI and Hiroshi ASAI
(Dept. Life Sci. Grad. Sch. Sci. Eng. Waseda Univ.)

SUMMARY

It has been thought for a long time that the chemical modification of cysteine amino acid residues in Vorticellidae
spasmonemes does not cause any loss in Ca*'-driven contractility. One of the reasons is that spasmin, which belongs to
one of the calmodulin superfamilies, and is the most important protein in contractile spasmonemes, does not contain any
cysteine residues. Another reason is that nobody, including us, has used glycerinated Carchesium sp. for contractility
experiments. It is well known that an old stalk of Carchesium sp. is easily and naturally deteriorated and loses its con-
tractility. We have recently succeeded in collecting many young colonies of C. polypinum and cultivating them in the
presence of Chlamydomonas reinhardtii and bacteria as food. We have tried to modify the young stalks of glycerinated
C. polypinum using DAM (N-7-dimethyl-amino-4-methyl-coumarinyl-maleimide) as a fluorescent cysteine-group modi-
fying reagent. We discovered that the contractility was significantly reduced even in young stalks of C. polypinum.
The spasmoneme in a stalk of C. polypinum was fluorescently labeled. On the other hand, the spasmoneme in a stalk of
Vorticella sp. was not fluorescently labeled. A 200 kDa protein extracted from Carchesium spasmonemes was also

fluorescently labeled. These results mean that both the novel 200 kDa protein and spasmin, as a Ca**-binding protein,

play important roles for spasmoneme contraction.

Vorticella sp. was found to be important for its contraction.

In another experiment, a novel 50 kDa protein in the spasmoneme of

It is thus suggested that the 200 kDa protein in Carchesium

spasmonemes is evolutionarily a tetrameric form of the 50 kDa protein in Vorticella spasmonemes.

[(BE9] YU TRLTOM (X F—2) OWNERZIEL,

ANRZER—LEWEND IV T BA A (Ca®)

Jil 2 AU PEARAE D RFTES D, Y U AR LA VI
X, —AROWMDHZFFOINLIE (Vorticella sp.) &

Beoy e (Carchesium sp. & Zoothamnium sp.) @
“fbD, £ZTAT, 1958 #D Hoffmann-Berling |
L BWFLIR, ANRXEFR—LHD Ca¥ R LG IS
3. SH AT AY) 7T/ BEATIERETR
W, EEZBR TV, ae Amos b B I
VAR5 (Vorticella sp.) By U IR by
DO—FThH D Zoothamnium sp. D7 V&Y L ET )V
EHOWTRBROMREZH TS, LirL, oD
Kamivy V B LD Carchesium sp. \Z-2WTD
ROMERBITHES SN T 2h o T, TOHEMIE,

KDL\ Wit nwa oy sk, BARICEMEL
RIL TV B VETAVEIREEEZ DN HT

b5, Wit., 77 FEFTADIAF T T Carchesium
polypinum % ZEEMIOREET 5 HIEEMHSL LT
Do 22T, BVEBBEOELPNA F—2 DHHD
D7V TN ELSEICRET DI LITRY)
Lz, &DdIil, HEOWAINLTFT T LADOT ) ED v
EFNEANTAARALER—LD SH 7 3/ BEIEE
DAL FERM &2 R AT & 2 5, Ca? I oo e 4
P E 7o, ARSI, RO Z O E £ & D
bDThHD,

[(MH & AE] SOtk S HEREEMRIEE LT,
St i FE L > N-7-dimethyl-amino-4-methyl-coumarinyl-
maleimide (DACM) % IV 7z, Carchesium polypinum
DOEEIT, HeLToONRITITEITINEST R
OIAF T TITbiiz, Vorticella sp. DE:FEIX, fH& L
TONRZ T VT OFIET T, HgRy ko
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BN B D HBE N NV S B DI R R L
50%D 7 ) U THEE L, -20°C DOIRE THREF L
Too ZUNIBHEMMNT S L X2, BIRES 2 H
DERNT, ANRRER—LEFLA N— 7 &4
i, WHEE X, {LZEM % L7220 alE & (L& fi
ERiL7-RABIEDX F—27 D Ca FFETFTOaAY
VI DOEGNOEBBETEOREICL > T, K
oY/

MEREEE] AR ER—LIUEICKT D AT A
VEKOEBE T ANTET E NV VT ATHIR
LTW5D, VAT A UKL, %< OBERITIEAL
ICHEBEREBRT S ZEREY, DACM ICL DY AT A
CVERALRHERIT VAT BT DANRXER—LD
IR I B E 5 2 W FE DT, L LR
O, INT YT LAOEEICIE, VAT A UERENRR
NRAE R —LWHFIZ L > TIFEEAREE 2R LT
WA Z EERR L, 1958 40 Hoffmann-Berling |Z
KAWL, b DA ADARINKE R —
DY AT A VERIACTHHERM Z AR5 127D Th
5o M AAVE, B DAMCEA - K5 e EBRES R
ThHD, DACM [XIT AT A U EIEHOIEF AR
R ETH D, EI T, AT T T LDANR
AR =L L7=Z /87 B % DACM IZX »
TEfiL, EDX L RTEREEHR I N nE
Native PAGE JAIZ & » T~ L7z, DACM 7 ~b
SNTeH X7 EILSr R 200 kDa Thoto, —
T, TANTF T DARREFR—LNLMHE Sz
& X7 E X, DACM I L » CEEEFR SN o
7=

FoOFERIZ. YU TREAIVIEDO A b—7 OIEIC
SHE%ﬁiﬁf&w&w5$&&L&%ﬂE¢5
REMRFLE 7o 72 LB U D, o mRERAIA
DEWFRAIZ, AAAXEFR—L0D Ca' fEHH //\7
THDOLARAXIVICSHEEEZ bRV I X
L, TomonzareFa) b SHEELEEZ L
RV, EBIT, ANRER—LO Ca¥ RIS
X, MO A NRXI U2 TR EV D Amos BT
K DR D B AIAZR B ETIET HRE M sl & 15
HZENHKET, FLT, AKX OB A%
B&Z72 5 & R EOBERE LT, 200 kDa % 15
77

T AN T ERAOTZRIOER BT o 7o, ALFHES
#l& LCTo Diethyl-pyrocarbonate (DEPC) Lt AT
oV, Fuirbnalmn o7 I Bk
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I & G528, pH 6.0 T, FFlc e 2F U HI8H

TR R IEM T D, tx%//%%#XAx%
F—LDOWHFICHETH DN E I DR TZDIT,
DEPC 7' V& U VA h—7|Z 3@“%2*2.“
WTHARbNTZ, TORR, AT —
DHC@%@%®Wﬁ%m%¢é:&ﬁﬁwot
[AI#C DEPC (2L % AN RER— LM & o378
DIERIE, WG 244 nm T, DEPC D EFIZ
PEoTHNT 5 Z L 2R LTWAN, Zhik DEPC
BHiEhZe 2F P 0#MeE—%T 5,
Hydoroxilamine #L¥EIZ L > T, DEPC ALEL A XX E
f— KUE ORI, —EREE L, ki, Catt A
fEFT® DEPC IZ X 2ENFTARL N, T O
. 2 mM Ca®" FIE T Tk, A/ SKE R — ADILE
MHAFE SR EZ, —JF., DEPC Effi A /XX D
Native-PAGE & i, Ca® BILELIZEAfR 2 <, Ca® i
BEIONBIL LN EZFR L, 2OZ LEFMAD
L AF VRN AN I D Ca¥t FESEALICAE
FELRNWZEEZREBLTNDS, ZRLDEEND
ANRRER—LDHMEICIIT D DEPC DT AR
A I UNCHT HEMTIER S, AKX UzZiky v
RIBLELTEZLNTWAMMD & /3 B & &R
L7zmd Lt EfEdR-S 1T o7z (), zﬁ@tx
FOUVEEEELX NI EERET DD
GST-spasmin % DEPC T?’*T/?Ffﬁ:?@io@}o@
TANRER—LEHMMPL 7B EbHITA v
F =2 ~_— |k L7z, GST -spasmin &&hiti s 78
DILEIL SDS - PAGE #I/VICERIKE STz,
x4 1%L DEPC |Z&fi% =T 7= —FEO ¥ R E%
FKA L, “HEEOX R IEO T RIS 2,
40 kDa £ 50k Da Th o 7=, BAIIMHHEDE ZATF Y
VIR A G X XN 50k Da DX LN ETH
52 L B E I %, SDS-PAGE B X Y West-
western Blotting (Z & ¥ [AE L 7=,

COXMHAE AF VUL ET 50k Da ¥ LRI E
X, B _RTWAB BT AOVNES AT A
FelEGte 200 kDa & > /87 8 L AEMELD TR
HThHDREENSHTE L,

[2k]
D TR E B (004) FAT Y MEE 37
(No.1): 61-62.

2) Jie Fang, Bei Zhang, Ning Chen and Hiroshi Asai.
(2004) Zool. Sci., 21: 527-532.
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W&=E W Spirostomum ambiguum O NV KX X T E D3R

ARG, A, B
(EARK - &R - AR, RR LT RY - ERERERD

Distribution of centrin-like proteins in the ciliate Spirostomum ambiguum

Noburo TAKAHASHI', Hideki ISHIDA' and Etsuko MASUYAMA? (‘Dep. Biol. Sci., Fac. Life and
Environ. Sci., Shimane Univ., 2Dep. Health Sci., Hiroshima Pref. Women's Univ.)

SUMMARY

The large heterotrichous ciliate Spirostomum is known for its remarkable rapid cell contraction that is triggered by
external stimuli, and the cytoskeleton-based motile systems of contraction and subsequent re-elongation have been stud-
ied in order to understand its underlying molecular machineries. The myoneme in the cortex is thought to generate the
force for the Ca’"-dependent contraction, and may be similar to the spasmoneme in the stalk of Vorticella. In Vorticella,
an antibody to centrin 1 has been reported to recognize the spasmoneme. In view of these facts, we have examined the
possible existence of centrin in Spirostomum using immunohistological and immunobiochemical techniques. The speci-
mens of Spirostomum were electrophoresed and blotted, and the antibody to centrin 1 specifically stained a single band
of 18 kDa in an extract of Spirostomum. When frozen thin sections of Spirostomum were stained with anti-centrin 1,
fluorescent signal or deposits of tetramethylbenzidine (TMB) substrate were detected at the cell cortex. These results
suggest that a centrin 1-like protein may exist in the cortex of Spirostomum. Further studies with electron microscopy are

needed to understand the precise localization of the centrin 1-like protein in Spirostomum.

(B8] #EE R Spirostomum 1IN0 6 DRk 4 72 jilER
WO U CHERICROINAE 273 97, 2 OIUGHEERD 3
JaR B ICAFET D myoneme ICEDHDTHD EE X
B TW5D, Myoneme (2K 5 Spirostomum DULHEIE
TIFU-I AT URETRRDEIR T, IHFEIC
ATP % 23 & WP UHE IS I N O Ca® i 23 BIf%R
LTWVHEEBEZLNTWD, ZOIHMEEY Y H KL
COMOIFEEELO LD THDEEEZ LR T
Do YIHRLYDHIZIZTANRZIV EEEND
Ca' i Z v XN BENHFEIEL TR Y., Carchesium
polypinum D A /XA VNG IER LT Hiik & Spiro-
stomum X 32 75 i % 7k ¥ (Ochiai et al., 1988), iIT
By AN IV EARRIC CaPfEARELRID, fix 0
BERAEMIZIR FIET 52 MY O —RIEIED,

ANRAIVO—WIEE L FLLL TWD Z B85
(272> 7= (Itabashi et al., 2003) ., LA EJ Y myoneme
T P URANRAI U LEZZ VX ET
bOHAREREWEE X OND, T TR MY
VHIERERWT, 4 A 7y Mk GERBRRE
HEIZX Y Spirostomum W8T D Ca'fiAF 0 H
DR & T2,

(#r# & AE] ERIBHICITZER,. RERICET
% Spirostomum ambiguum % F\ Tz, AR OBEEEU) T
EERLL, PURRGEIT >, BREIRYEAIINE
PEARNV A X — B RIELBEZ 4TV, IRIZIER ¥ %
MiETTryF 72470, 1 WK E G S
7o WICEATF L2 KRB EZRIESE, TEY
VoA TFUBEERERIES Y, TR T AT
VUV THRE I, BABBIE LT, sobbiiRYg
BT T F 1gG YXHUETT vy F 2 ZEITU,
1 IRPUEZ OGS S® 72, I 2 Pk (FITC it o
T ¥ 1gG) ZGSHE, A LBIZEZ L, SDS-
PAGE 1T Laemmli {EICHE - TiTo 720 DEEZ LI 8%
FIL10~20%7 T T 4= NV EHWEZ, A A
7y T 4 TRk OKD 5= V% PVDF &
WCRTZ v AT77 =Lz, 7ay X 7270, 1
WHUR, 2 WK (HRP Ei#HL Y ¥ F 1gG) KL%
1T-72, DAB TRESE-1%., uxiEilk S8,
1Rk E LTE b centrinl @ C REAH~TF Rz
MY BRY) 7 =YX 1gG & HHEEY B
T F O CRYR 1 FRIEGHKRARTTF Rzt 2548
Ja—F Aot ¥1gG & LT,
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[(BEREEBR] U7 7 FUHURIHT DAL/ Ty
FCIET 7 F btk L RE L L VR EIT ST
H 405 k DN ROBThoTz, ZIUTERHT
7 F ORI 2k B0 RV TRTH
%, Tetrahymena 7% & —EDJF/EEMOT 7 F 13 &
LW OBKRGT 7T IR sMEE R L, T
I BESI ORI RN ERmb TS, F
7= Spirostomum DT 7 F AR X EIXT M Tk
AFTT I FUoREE ORISR R > TEHEY
Spirostomum V% Tetrahymena & b ¥e7p ST MMB DT 7
FrafolErond, i7 7 F U HEIC I DM
Jle Y, CIERR T A0 40 % & To M i B Jea T, I B s
KEOEFEICREN bz, FRICBESIE S ICE
2 BIET D04 /3% — D Spirostomum DT
F RS R BITIR RIS & O JE I 54 LT
WnEEBz LN,

ey MY UHURICKRT A A L TRy BT
ity Y PR L T DN IR 18 k D3
RDOHBTH-Te, —ety MY D458

JRAEBY) RS 55 3858 15

2005 4F

20 k TH Y, Spirostomum O~ Y kRZ LRI E
L0 b TEMEY, ity Y UPRIC X
DHfRY A T T 7 F Uik T S N S R E
H X YAE. ©2F Y myoneme 23F1E L TV DL
ThorMaEEmIcEkean il oniz, £ M UM
Ca'fAMEH v R ETHY, B Y v AR
Y, myoneme DFEMLIMEEZ XD P MY BT
K1 myoneme Z i L CW A AEEMENE 2 B D,
L2>L. BFEY A Tld myoneme HASBAME/ MG L L
THER TE 72 28 myoneme MYt TV D 2%
THTHY | EEFHEMEEEZHWTI D &0k
RETOEY M) UHUEEG S R B O RTEZ RN
ZMEERH D,

[3X#K]

1) T. Ochiai, M. Kato, T. Ogawa and H. Asai Expericntia
44 (1988).

2) T. Itabashi, K. Mikami and H. Asai Research in Micro-
biology 154 (2003), 361-367.

WIRZKERBEZ 31T D IR IR Naegleria J& 7 A —/NDFEHE

JRREER, FRFELT, SABET, RIGT, AR, e
(TSR T B, %) AR i)

The occurrence of pathogenic Naegleria amoebae in thermal waters in Japan

Kenji YAGITA', Ricko SHIMOGAWARA', Tokiko ASAKURA', Shinji IZUMIYAMA', Toshiro
KUROKO? and Takuro ENDO' ('Dept. of Parasitol., Natl. Inst. of Infect. Dis., *Dept. of Microbiol.,
Kanagawa Inst. of Public Health)

A survey to document the presence of pathogenic Naegleria species was conducted for the thermal waters of 25

prefectural areas in Japan. A total of 1,173 samples were collected from hot springs, public spas and thermal discharge

from those sources or industry. Test plates were incubated at 42°C for up to 3 days to isolate thermophilic Naegleria

species. Amoeba isolates were morphologically identified to genus level. Naegleria isolates were further characterized

genetically by means of PCR/RFLP and DNA sequence analysis of Internal Transcribed Spacer (ITS) regions of ribo-

somal DNA. Amoebae were isolated from 357 (30.4%) of the total samples. Naegleria positive samples represented

14.7% of the total samples. N. lovaniensis, a non-pathogenic species, was recovered from 20 out of 25 areas. Although

N. fowleri, a human pathogen, was not isolated from any samples tested, N. australiensis, experimentally fatal pathogen

to mice, was recovered from 10 areas, mostly isolated from thermal discharge samples with high level of bacteria. The
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prevalence of these amoeba was correlated with a concentration of residual chlorine of the samples. As the results of

pathogenicity test on N. australiensis strains, six of 16 strains killed the intracerebrally infected mice. Other 3 strains

limited to cause some types of abnormal behavior of the intracerebrally infected mice.

[B#I] ERmHED Naegleria J&7 A —/NZid e Mk
GHEDOFN LD N. fowleri DL, FEERWIZ B IEGL D
LT % N. ausutlariensis, N. italica 3 X OV N. phili-
pinensis 3%, AIFEIZHIfEE . EPNRAKEER (&
R BNRIEE) ICBT D INbDT A= HDOE
EAE 21TV, N ausutlariensis D3 AE I A4 E
T 52 EFEDH TR TR R AT, B
BROFEREGDOE T, FEEREOK REWMET 2,

[MfE L UAER] FaEHBIIAE 25 Hily GREA
WEAD) & L. IRSREUK, AR, IEPEK S 2 30k
EUTHREUL 72, BRORHER BN (7% B HR SR R 5 I A
KOFEEHICHEHT I/ EEWY 217572, 7 A=
SYBEIIRG B AT FE R RS A VN, 42°C B TR
MRIRE T A — 28RS L 7=, Naegleria J&7 A —
ANIIFEREFACEE, HEEL 7%, 18S rRNA @ ITS
DY — 7 = A CHMICHEEIT> T2, 724
BERR O FPE ORBR T, ddy ~ 7 A ~D FEBRAYIK
Yo MANBRL, BB 21TV, BUEME, TEHE
WEAEOPT LD BRI 2 3 L7z,

fERBLUEZE] B0~ 631, REHREK
1,173 ZRA L 3,167 kDT A — "% 4B, FE L
Too TGO T A — "W S R EHE 357
(30.4%) . 7V TEEMAEREHUL 173 (14.7%) T
bolz, BOITE Naegleria J&DFEFARIR HHE % A
Bl TRETERE HMNEMEEORETHD N
lovaniensis 7% 20 Hilk 146 ML 0 B &, 5
&L CEWICERIZOM L CTWz, —Ji, B MR
RO S 237 N. fowleri 13, AFEFE SR S L2n o
T, EEBRMEEMEN N S5 N, australiensis (2B
LTiE, 10 #uk 26 3B L v et & v, REMICA

Mo TWNWDB I EWNRIBINTZ, F72 N australiensis
L AEDIEFMEZ R T N, italica 3 XY N. philippin-
ensis (COUTHBIED FTe) MNE~ 2 Mk 3 FHELLY
DEES T, W OFEBEIZ L DT A — "DOBHE
. KBS TR LA (524%) . T OMNGER
25 ~ 371% Thoto, RIBEFEEN WA TR
DT LERE O A, HFEEH O K LTV D IEER
AL 7 A= SHHERE WV E WD BN
D& e o7z, Naegleria JBIZIRE L CH 3L O H
X 262%E kb <. N. australiensis 1% 4.8%T&H >
72 N. australiensis 13HEECMMEK & Vo 7o REITHITE
HYE O ENGE L D BRI S AR S
Nniz, SEIOFEETIT, LIOARTHERIIEEZEM
IZZ B OMEERNIBEICBWT 02 mg/l DEEERE
BATOIL TV, SR 02 mg/L DL Lok
TIET A= VRHRIIREETT 22 LB L0
& 72 o2, Naegleria J& O ¥5 MR ER O #5 R I1%. N
australiensis (2B L TIE 16 £& (10 Hulsk L ) 1 6 ¥k
(6 Hulgh) 2SI~ 7 R IZxb3 2 BIERIRIE M2 R L
7o, RS L O NER TIXRFE TR D o
ehote, EMo 3 RITFHGENITEN R O %
ETHHREENMER T X THELRT,
N.philippinensis 13 1 & 8B L, MERREO~T A
ICBWTEFERRIEMER L 672 DD, N aus-
traliensis & [AER, &L TEIRF IR O bR
o1z, N. ausutlariensis TlX 2 DO EREBR L 7=
A, AT BIRIFEILER D S e o Tz,

RSN E OWKERERIL, N australiensis %
LU ETBRRBENET A — NJHIZTHEY: S5 RIRENE
NV, TORGIEICIIFRREERREEHENRE B
HELTWaborEX LN,
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Early evolution of extrusomes in ciliates
Akio MIYAKE
SUMMARY

Pigment granules (pigmentocysts) are spherical, morphologically-simple extrusomes. They are widely distributed
among the two groups of primitive ciliates, heterotrichs and karyorelictids and carry out chemical defense against preda-
tors by means of the toxic pigments which they contain. Cortical granules are morphologically similar to pigment gran-
ules and are widely present in heterotrichs. Some of them were found to carry out the chemical defense by means of
colorless toxins. Based on these recent findings (Miyake, A., Jpn. J. Protozool., 35: 97-11, 2002) and previously known

studies (Rosati, G. & Modeo, L., J. Eukaryot. Microbiol., 50: 383-402, 2003) on extrusomes, it was assumed that extru-

somes in ciliates started as toxin-containing cortical granules and evolved as organelles of predator-prey interaction.

[(BHIEAE] EHEOMHEORERIZI T 500
L. BHEEROBEREIC DWW TOH LW RIC IS & |
T B ORI IC DN TER LT,

[ER] 23V A N A TOMHEZ, iR L=
VA NDIED, FEWERL (cortical granules) < 3EJH
ki (aFEE R REER) 225 R, HiETk
R E T, EBRIALS 0T 5, —J, bol
MG £ b DR BRI R IR o R ED 7
N—TIZRo TR RH D (1) , £,
FUARI 7R E R & A SN DR KEE & REHT
LW R R IE R BN L ARFRI T, Ay
ANEATDHEDTHD, £ T, BEROHMIE
THRLFBNRLDIZLIS A NEALTDHED, H
ICRBRERL TII 2B BILD,
ukimmmm/%®ﬁ%%ﬁbt%%fh
N, SHITHEROBEEZZSETIEE > RDTH
%5wob%yyxk(ﬁW)%A7byzbﬁﬁ
BOFEDOKBOMIELZ LOZ LT ELS »bmbh
TWERN, it Y ayx b, #FEERNB LIO®
FRLA R T 2 OMREEZ > 2 & 23
LMot (2) . RBERITRERICLIXLIE
Aoh, FraREEICIT-EBES Abh, ToHic
EENDORITHOEERDH Y, I X VLR
i z47> (2) , BEFHCTHE I U ~va R v aR
AEBA RN AREADRNEDOHEEZ NN, b
B ORBERNEZ LD, ZORIZEENHEED

TEWEIZ L VALFBEZITS (2) .

Ihb oD, Thbb, 1) MEHEOEY
X DK, 2) HEEIINT M, 03t
FRPRRLAMETE R ORITKIF 2 USICBIT 2 ZED
HREZ b D EMFEFEINTND (2) 2, AR
FERE 2 b DR BERILRIRFIC A o3 21k
PRI OBEL > TS (2) , 2T bOREE

—fRAE L. #kE B OB ARIT B & 2 i
Z D S DBER %%of;n’*ﬂiﬁﬁll\””*fkékb\jfﬁ
WAL TDH L, BEBEROKIEITHAES LR
%@F’EJ@WEVE% i’ﬁ e DO/ NEE & LT
B LTk &V S FE—m7 RN B D,

Bk & Sic, BBHOKRBEEALIL, éf@ﬁﬁ

B0 & TR KT DAL BRI B 1 o e
b, KbFA R EER & éﬂéﬁ%ﬁ(&ﬁ&:ﬁz%
FIZBW TR AN, MREICKT b FabhH
O/ RE E LTHERIEL TS, ZE#iEhRo
TY A b uL Y — ADOFRERIRTE & A e,
EROMHERIE, RYNIERBEERLO X5 72 b DT,
ZOHIZEENLHBEWEIZL > THER KT S
{LFHIBH 21T > TWe b DT, T OBEREZHERF L
TEESFEOMBEEIED H L TREOTIZRW D
tEZLND,

FO—HlE LT, ZROMIEE b o TR ERL
NTELRBIZONWTELET S, T 2 Tldk, BIfEM
LTV D BFEER O BEAR T T OB 1 #0
YEM (photodynamic action) % & > CW\5 Z &IZEH
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T5, TOLIRBREELRITEN ST &
LR Z Y, BAFRERZ S - 72HE BT UL LITTR
WHICE - TEREND, ZhiZ. KBHT=5 LM
FEENEZDHZEZRLTWAHN, TN E
7o o THIBICHR BB OWENE Z 5 &, MiaiEA
ToTT T ONEEIEEITH> L LD, ¥ X3
A K o THIRIEIRE T ~B #8252 L1725 Th
A9, b LINBZEDOHERDAETRIZE > CHEIGHY
THNE, mERE 20X ) RaENREEMICE
FNDH IO D L, TOREIEIMEINEZTHA
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Do To b ZIE AR & 4 THR IS O WDRLH
WEL S, 2T 2 RIOSITEISH 23T TH
D, Tihebb, RBEKRAFEONB N FHIEHEEL
b EIT Lo T AL & e AR EE b -
T OBPER N TEZOTH A LEZBND,

[3Z#K]

1) Rosati, G. and Modeo, L. (2003) J. Eukaryot. Micro-
biol., 50: 383-402.

2) Miyake, A. (2002) Jpn. J. Protozool., 35: 97-117.

Teranympha J& D ILAEMFE R L 15 = v 7 U HFE O Rife bk
IR E], deH BOQRMOK - B)

Comparison of phylogenies between symbiotic flagellate genus

Teranympha and host termites

Takeshi KONDO and Osamu KITADE (Faculty of Science, Ibaraki University)

We examined SSUrRNA gene sequences of symbiotic flagellates of the genus Teranympha derived from four Re-

ticulitermes termite species distributed in and around the Japan Archipelago.

The inferred phylogenetic tree using

neighbor-joining method was comprised of three monophyletic groups supported with more than 80% bootstrap prob-

abilities. For the most parts, the tree topology was consistent with both the phylogeny of host termites inferred from mi-

tochondrial genes and a paleogeological hypothesis of the formation process of the Japan Archipelago, suggesting the co-

speciation between host termites and Teranympha symbionts. However, clones of Teranympha obtained from R. spera-

tus of the Aichi population and those from R. kanmonensis were separately included in different clusters. If such clones

were not artifacts, possible causes of the results might be lateral transfers of flagellates or lineage sorting among alleles

of the SSUrRNA gene.

[(B#I] TZ a7 U EJRAEEYOILARRIZE <
ENAHEADHTH D, a7 VIidHiE LA D
R A A A ARAT U, IRARAE IR o fitha &
EREREEAZ T VITEFELTWD, e T VA
AT RY a2 A - BIERE - AXTF
FTABICHDEINLMWERTHY, 772 BHIXEIERER
EMEIND, BWEREEAFVESTRAEDIZE
AT T VERNORIAERT S, var7 U it
EJRAEAEMITIEF IO IEARMRICH V. HER O

AKPEIFE I WEB XN 2D, miEFIE—
B LIERFEOS LRI LTV D AEER D D, K
WHECIX B ARSEBIZ AR T % Reticulitermes J& (7~
FuT VIg) LEORAFAAY TREFER B ICE
T 2% Teranympha J& O s & L3 2 FiC L v HfE
LD TR & e L7z,

(M EAE] Yy~riaT7VBosa7 UIixkg
BoegmE- bRy (v~bvua7VU R
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speratus) . FHEE - FHREG (v=v~inm7r U R
yaeyamanus) . B (¥ 7 v w7 U R flavi-
ceps) . 7AA (R sp) THEL, BT V725
i DAIEOFEIL Teranympha &% 1 FEHEALE IZRE
T5, ¥u7 U DRENEWE 0.45% LR T TY)
BAL. NEWFMNS Teranympha J&DOMIE R DA% 7-
15 fER$ Y i L DNA flitH&47 > 72, it L7 DNA
Z#FI L LT SSU rRNA {5z PCR & CTHYIE
L. Za—=v7 - {HEFOWRTEET 72, 55
NIZEFNE ClustalW ZHWTT 74 A FDOt,

PAUP'ver4.0 I X Y HKYS85 £ /L CEME LT
L. EEAECRFEMEHE Lz, vrT7 o
= RYU 7@ T (16SIRNA &fx T & CONEin
T) OEFNZ IS < RHAEHT OFE T O K FEF*K
T—HEHER LI,

(#5R &L ER] Teranympha Ji D SSURNA #{& 1O
FIEE Ui E & H Eucomonymphidae £} T & 5%
Eucomonympha J& & 90% UL EOFFEMEEZRLTZ, R
IR ORER, KBD /7 m— i3 kEx< 3 DOHA
RISy Tz, 1 Bk - 550 - wi[E Tk
SN~ b7 VICHERTH7m— 0k, 2
SHIFFAEE - BREOYZ Y~ T U, BAO
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