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SUMMARY 
 An infectious form of Holospora obtusa, a macronucleus-specific endosymbiotic bacterium of the ciliate 
Paramecium caudatum, was found to secrete a 63-kDa periplasmic protein into its host macronucleus. Soon after the 
macronuclear infection, the protein appeared in the infected macronucleus and increased remarkably within one day after 
infection. Using host and bacterial protein synthesis inhibitors, we illustrate that both the pre-existing and newly 
synthesized 63-kDa proteins were secreted into the host's macronucleus early in the infection. The gene encoding the 63-
kDa protein was cloned and sequenced. The deduced amino acid sequence shows that this protein is a novel protein.  

INTRODUCTION  
 The gram-negative bacterium Holospora obtusa is a 
macronucleus-specific  symbiont  of  ciliate  Paramecium 
caudatum. It exists as reproductive short form (RF) (1.5-2 
μm in length) and grows by binary fission when the host 
cell is vegetatively growing. When the host starves, the RF 
stops dividing and differentiates into infectious long form 
(IF) (13-15 μm in length) forming a cytoplasmic region 
comprising half the cell length and a large periplasmic 
region  with  small  invasion  tip.  At  this  morphologic 
change,  the  bacterium  acquires  its  infectivity1-3).  The 
accompanying increase of the periplasmic region suggests 
that the periplasm may contain some important molecules 
necessary for its infectivity. Previously, we reported the 
secretion of a 63-kDa periplasmic protein of the IF into the 
macronucleus of its host. Our recent study aimed further to 
elucidate the function of this novel protein.  
 
MATERIALS AND METHODS  
 P. caudatum strains RB-1(syngen 4, mating type E) 
free and infected with H. obtusa strain F1 and other H. 
obtusa-bearing strains no. 18 and 24 of P. caudatum were 
used. Paramecia were cultivated in 1.25% (w/v) fresh 
lettuce juice in modified Dryl's solution4) and inoculated 
with a non-pathogenic strain of Klebsiella pneumoniae one 
day  before  use  at  25  ±  1°C.  IF  were  isolated  from 
homogenates of  H. obtusa-bearing paramecia  by 70% 
Percoll  density  gradient  centrifugation5).  For  infection 
experiments isolated IF (1x106 ml-1) were mixed with H. 

obtusa-free paramecia (5x103 ml-1) and the fates of the 63-
kDa protein at various time intervals after mixing were 
traced  by  indirect  immunofluorescence  microscopy 
(IIFM), suspension technique with or without treatment 
with  1N  NaOH6).  Effects  of  host  protein  synthesis 
inhibitor, emetine, bacterial protein synthesis inhibitors, 
chloramphenicol and bacterial RNA synthesis inhibitor, 
rifampicin,  on  the  secretion  of  63-kDa  protein  were 
evaluated  during  infection.  The  concentrations  of  the 
antibiotics were described in previous studies7).  A gene 
encoding a 63-kDa was cloned and sequenced following 
the procedures described in previous studies6). 
    
RESULTS AND DISCUSSION  
 As reported earlier, the IF of H. obtusa secreted a 
63-kDa protein into the target host macronucleus soon 
after invading the nucleus as evidenced by macronuclear 
fluorescence  using  IIFM  with  monoclonal  antibodies 
raised against the protein. Ratio of the host cells with such 
fluorescence  and  the  fluorescence  intensity  increased 
remarkably within one day after infection. Recent results 
revealed that the fluorescence gradually weakened as the 
bacteria  differentiated  into  the  reproductive  form.  No 
significant effects were observed with emetine treatments 
but  chloramphenicol  and  rifampicin  treatments 
significantly affect the ratio of macronuclear fluorescence 
as well as the intensity of the fluorescence, evidently one 
day after mixing the host and the bacteria. These results 
suggest that, the macronuclear fluorescence was bacterial 

 また、核分化過程におけるこれまでに得られた核

小体特異的抗体の抗原の出現時期を比較した。その

結果、受精核由来の４核の中心部にクロマチン顆粒

が凝集した時期で MA-1 抗原が最も早く出現した。

その後、クロマチン顆粒が消失した時期で MA-14、
MA-23 と MA-24 抗原が出現し、出現時期が異なる核

小体抗原の存在が明らかになった。 
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in origin.  
 Almost  half  of  the  symbiotic  cells  showed 
macronuclear fluorescence at different intensities when 
examined by IIFM, suggesting that the IF cells leak the 
antigens  continually  into  the  macronucleus.  Moreover, 
immunoblot  analysis  of  the  symbiotic  host  cells  at 
stationary phase of growth also detected a single 63-kDa 
band, implying that the leaked 63-kDa protein was not 
degraded in the host macronucleus. 
 BLAST searches of the cloned gene and its deduced 
amino acid sequences detected no conserved domains in 
the  deduced  amino  acid  sequence,  but  Motif  Finder 
(GenomeNet) predicted two DNA-binding motifs. It also 
found  significant  match  with  rhoptry  protein  of 
Plasmodium yoelii, with 20% identity. An 89-kDa protein 
of  H.  obtusa  also  showed  similarities  with  rhoptry 
proteins6).  The fact that both 63-kDa and the 89-kDa 
Holospora  proteins  have similarities  with  Plasmodium 
proteins suggests that the genes of these proteins might 
have identical evolutionary origin.  
 Considering the amounts of the protein secreted into 
the  macronucleus,  one  can speculate  that  this  protein 

might  inhibit  some  nuclear  receptors  or  signals  from 
interacting, thereby changing the host gene expression to 
the advantage of the bacteria. Because the 63-kDa amino 
acid sequence has DNA-binding motifs, the interactions of 
the exported proteins with the DNA molecules of the host 
might block the DNases from digesting the host DNA 
molecules.  
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SUMMARY 
 Soil ciliates may play some important roles in soil ecosystems. Several methods for analyzing and estimating the 
ciliate fauna and their biomasses have been reported, but these methods have various shortcomings. We previously 
proposed a method, MPN-SIPs, to overcome those shortcomings (Takahashi et al., 2003). In this method, each living 
ciliate detected in a soil sample has to be identified under the light microscope. However, it is very difficult to observe 
the taxonomic criteria of a living ciliate. To reduce the difficulty, we have now constructed a database of movies and 
digital photomicrographs of soil ciliates. A special feature of this database is the classification of living soil ciliates into 
15 types, using outline images. The database enables the user to compare the outline image of an observed ciliate to 15 
outline  images  in  the  database  in  order  to  identify  a  living  ciliate.  The  database  is  now available  at  http://
tdb.knaes.affrc.go.jp/tdb.  

[目的] 土壌環境において繊毛虫が重要な役割を演じ

ていることはよく知られているが、これら土壌繊毛

虫の生息環境と種組成やバイオマスとの関係につい

ての情報は、ごく限られている。それは土壌繊毛虫

の検出法やバイオマスの推定法がまだ十分に確立し

ていないのが大きな理由である。そこで、私たち

は、繊毛虫の種組成やそれぞれの種のバイオマスを

推定する方法として MPN-SIPs 法を開発したが、こ

の方法では、検出された繊毛虫を生きたまま同定す

る必要があり、しかも、繊毛虫の同定には繊毛虫の

分類基準に関する知識を必要とし、非専門家にとっ

て、この作業は非常に難しい。このような困難性を

少しでも解消するために、繊毛虫の画像データベー

スの構築は極めて有効であると考えられる。 
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