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ドーマ）が作成された。この結果は，76kDa のス

ポットに３種類のポリペプチドのスポットが重なっ

て含まれていたことを示している。そこで，non-

equilibrium pH gradient 二次元電気泳動 (NEPHGE)を

行い，Invasion tip 特異的抗体でイムノブロットを

行ったところ，抗体で標識されるスポット１個を検

出できた。このスポットをゲル精製し，プロテイン

シーケンサで N 末端の部分アミノ酸配列を調べよう

としたが，N 末端はブロックされていた。現在，内

部配列の解読を行っている。Invasion tip 特異的抗体

を用いて感染型 H. obtusa の間接蛍光抗体法を行った

結果，20mM NaOH 処理を行わなかった場合は，抗

体は感染型の invasion tip と反応しないが，20mM 

NaOH 処理を行うと抗体は invasion tip と反応した。

このことから抗原の76kDa タンパク質は，すでに

我々によって解析済みの invasion tip 特異的89kDa タ

ンパク質１）と同様に，細胞外膜には露出されず，感

染型の invasion tip のペリプラズム内部に存在すると

考えられる。増殖型 H. obtusa は，20mM NaOH 処理

を行っても抗体が反応しなかった。また，感染型と

増殖型 H.obtusa のイムノブロットは，感染型のみで

抗体で標識されたバンドが出現した。このことか

ら，76kDa タンパク質が感染型特異的であることが

分かる。ゾウリムシの小核特異的な H. elegans の感

染型では，20mM  NaOH 処理を行っても抗体は

invasion tip と反応しなかった。この結果は，感染型

H. elegans の invasion tip にはこの抗原決定基が存在

しないことを示している。 
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SUMMARY  
    Monoclonal antibodies were developed against a 63-kDa protein purified from the infectious form of Holospora 

obtusa, a macronucleus-specific endosymbiotic bacterium of the ciliate Paramecium caudatum. By indirect immunofluo-

rescence microscopy, the mAbs were found to react with antigens localized in the periplasmic region of the infectious 

form, but not in the reproductive form of this bacterium or in other Holospora species. During infection, indirect im-

munofluorescence showed that the infectious form retained the antigens in the periplasm till they penetrated the host 

macronucleus. However, the antigens were no longer detected in the bacteria after invasion of the macronucleus. Instead, 

the fluorescence was detected in infected macronuclei, and the ratio of host cells with such fluorescence as well as the 

intensity of fluorescence increased with time. Whether the macronuclear fluorescence was bacterial or host in origin is 

unclear. 

[Introduction] The  gram-negative  bacterium 

Holospora obtusa is a macronucleus-specific symbiont of 
ciliate Paramecium caudatum. It grows as reproductive 

short form (RF) (1.5-2 µm in length) by binary fission 

when the host cell is vegetatively growing but 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 
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large periplasmic region with a small invasion tip. At this 
morphologic change, the bacterium acquires its infectiv-

ity 1-3). The accompanying increase of the periplasmic 

region suggests that the periplasm may contain some im-

portant molecules necessary for its  infectivity.  Present 

study aims to elucidate the function of a novel 63-kDa 
periplasmic protein in infection process.     

  

[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. P. caudatum strain no. 24 with 

H. elegans and P. bursaria strain Dd1g with H. hiwatashii 

were also used. Paramecia were cultivated in 1.25% (w/v) 

fresh lettuce juice in modified Dryl's solution4) in which 
KH2PO4 was used instead of NaH2PO4・2H2O, and inocu-

lated with a non-pathogenic strain of Klebsiella pneumo-

niae one day before use at 25 ± 1°C. IF were isolated from 

homogenates of  H. obtusa-bearing paramecia  by 70% 
Percoll  density  gradient  centrifugation5). The  63-kDa 

protein was purified from IF by 2D-SDS-PAGE and in-

jected into mice to develop monoclonal antibodies follow-
ing  routine  procedures  of  Galfre  and  Milstein6). 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 NaOH 7).  

 

[Results and discussion]     Ten kinds of hybridoma 

cells that produced monoclonal antibodies (mAbs) against 

63-kDa protein of H. obtusa were developed. All mAbs 

reacted with a 63-kDa band by immunoblots. IIFM dem-

onstrated that these antigens were localized in the periplas-

mic region of IF but were not were not detected in the RF 

or in other Holospora species, H. elegans and H. hiwa-

tashii.  

     Only four mAbs were initially used in infection 
experiments, namely: mAbs 1 (2-C4-H12-G5), 3 (3-D1-

B9-C4), 7 (4-G1-F4-C2) and 10 (5-C12-D9-B5). During 

infection, IIMF demonstrated that the antigens were kept 

in the periplasmic region as the IFs were engulfed in the 
digestive vacuoles, escaped into the host cytoplasm and 

penetrated the macronuclear envelop. However, the anti-

gens disappeared from the bacteria after invading the mac-
ronucleus. Unexpectedly,  however,  the antigens were 

detected in  the infected macronuclei  as  evidenced by 

macronuclear fluorescence and the ratio of such paramecia 

and the intensity of the fluorescence increased with time 
noticeably  one  day after  infection. This  phenomenon 

implies that the antigens may be needed after bacterial  
infection into the macronucleus.   

     The release of 63-kDa protein from the IFs during 

infection into the macronucleus could possibly account for 

the  initial  detection  of  the  antigen  in  the  infected 
macronucleus. However, it can not explain the successive 

increase of the fluorescence as time passed. Two possibili-

ties can be considered; (1) the invading bacteria initially 

excreted the antigen into the macronucleus upon infection 

and thereafter synthesized more of the same antigen, and 

(2) the host possessed proteins with the same epitope as 

that of the IF’s periplasmic 63-kDa protein and was trig-

gered to transport the said proteins into the macronucleus 

in response to bacterial infection into the macronucleus. 

The present study therefore aims to resolve these two 
possibilities. It specifically aims to confirm the source of 

macronuclear fluorescence whether bacterial or host’s, 

and also whether the antigens are indispensable in infec-

tion or not.  
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