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[Introduction] The genetic code of nuclear genes in some 

ciliates has been known to deviate from the universal ge-

netic code. Eukaryotic RF1 is believed to play an impor-

tant role in the stop codon reassignment in ciliates. In 

eukaryotes, a single eRF1 recognizes all three stop codons. 

However, in ciliates, the specificity of the stop codon 

recognition by eRF1 has been altered. For examples, in 

Euplotes, eRF1 recognizes UAA and UAG as stop codons, 

but  not  UGA codon,  which  instead  encodes  cysteine 

(Kervestin et al., 2001). Replacement of domain 1 of yeast 

eRF1, which normally recognizes all three universal stop 

codons with that of Tetrahymena eRF1, altered its speci-

ficity such that it, like the native Tetrahymena eRF1, only 

recognized UGA (Ito et al., 2002). It is now established 

that the stop codon recognition sites located in domain 1 of 

eRF1. However, the specific sequence and structure of 

stop codon-binding sites remain obscure. To clarify the 

specificity of stop codon recognition in ciliate eRF1s, we 

have sequenced eRF1 genes from four ciliate species, 
Loxodes  striatus,  Blepharisma  musculus,  Didinium 

nasutum and Dileptus margaritifer, (Kim et al., 2005). In 

this study, we continue to analyze the differences between 

ciliate eRF1s and conventional eRF1s which enable us to 

elucidate how the genetic code deviates in ciliates and to 

understand further the mechanism of stop codon recogni-

tion. 

 

[Materials and methods] Cloning eRF1 domain1 from 
ciliates: Domain 1 of eRF1 cDNA from Dileptus (amino 

acid sequence positions: 1 – 140, human eRF1 numbering) 

was marked with restriction enzyme sites, NdeI at 5’-end 

and XhoI at 3’-end. The domain fragment was amplified 

by  PCR and  cloned  using  a  TOPO TA Cloning  Kit 

(Invitrogen). Purified plasmid DNA containing the ex-

pected insert was subjected to sequencing reaction using a 

ABI PRIMS BigDyeTM Terminator v 3.0 Cycle Sequenc-

ing Kit (Applied Biosystems). 

Cloning eRF1 domain 2-3 from human: Domain 2-3 of 

eRF1 cDNA from human (amino acid sequence positions: 

141 – 437) was marked with restriction enzyme sites, XhoI 

at 5’-end and SalI at 3’-end. The domain fragment was 

amplified  by  PCR  and  cloned  using  pT7Blue  vector 

(Novagen). MCS of pT7Blue vector also contains NdeI 

restriction site at upstream of the insert.  
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eRF1  domain  swapping  and  cloning  the  chimeric 
eRF1: Purified plasmid DNAs of TOPO vector contain-

ing domain 1 of Dileptus eRF1, and pT7Blue vector con-

taining domain 2-3 of human eRF1 were treated with NdeI 

and XhoI. Chimeric eRF1 was constructed by inserting 

domain1 of Dileptus eRF1 into the pT7Blue vector con-

taining domain 2-3 of human eRF1. 

Cloning chimeric eRF1 with yeast expression vectors: 
Three  low-copy-number  CEN/ARS  vectors  containing 

marker  gene  URA3  with  three  different  promoters 

(p416CYC1, p416ADH and p416GPD) were used in this 

study. The chimeric eRF1 was cloned in the SpeI-SalI site 

of the vectors.  

In vivo complementary tests: Two Saccharomyces cere-

visiae strains were used in this study: temperature sensitive 
eRF1 mutant (SUP45 ts) strain, and tetracycline-regulated 

eRF1  (PtetSUP45)  strain.  The  wild-type  yeast  eRF1 

(SUP45+) and the chimeric eRF1 were transformed into 

these S. cerevisiae strains by using Frozen_EZ yeast trans-

formation kit (ZYMO Research). The transformed yeasts 

were screened by cell growth on plates lacking uracil. In 

vivo complementary test of transformants of SUP45 ts 

strain were monitored by cell growth at permissive (30oC) 

and non-permissive (37oC) temperatures. In vivo comple-

mentary test of transformants of PtetSUP45 (tet-OFF sys-

tem) strain were monitored by cell growth on plates with 

and without Doxycyclin, a tetracycline derivative. 

 

[Results and discussion] Domain swapping between 
Dileptus and human eRF1: eRF1 structure is composed 

of  three domains: domain 1 has been known to recognize 

stop codons, domain 2 takes part in peptidyl-tRNA hy-

drolysis, and domain 3 is known to interact with eRF3. 

Moreover, eRF1 domain 2 is supposed to interact with 

ribosome since the termination of protein synthesis occurs 

in ribosome. Taking these findings into consideration, it is 

more realizable for in vivo system to investigate RF activ-

ity if a hybrid eRF1 composed of a ciliate domain 1 and a 

parental domain 2-3 is introduced. There are two advan-

tages of using human eRF1 as a parental construct: first, 

the crystal structure of human eRF1 has been determined 

(Song et al., 2000); second, it has been reported that hu-

man eRF1 can be expressed in yeast cells. The topologies 

of the three domains differ from one another, i.e. three 

domains are structurally separated. Domain 1, 2 and 3 are 

connected by hinges 1 and 2, respectively. The restriction 

site XhoI was introduced into the hinge 1 and this site do 

not change any conserved amino acid, as well as topolo-

gies of the domains.  
In vivo complementation activity of the chimeric eRF1: 

The wild-type S. cerevisae eRF1 (SUP45+) and the chi-

meric eRF1 were cloned into yeast expression vectors 

(p416CYC1, p416ADH and p416GPD), and transformed 
into  SUP45  ts  strain  and  PtetSUP45  strain.  URA+ 

transformants  were  selected  at  permissive  temperature 

30oC. The in vivo complementation test of transformants 

of SUP45 ts strain was examined for their growth at non-

permissive temperature 37oC. If the chimeric eRF1 recog-

nizes all three stop codons, like the native S. cerevisae 
eRF1, i. e. the chimera is able to complement the defect 

in  yeast  eRF1,  thus  the  transformants  maintain  their 

growth at 37oC. The result showed that the chimeric eRF1 

transformants grew normally at 37oC as well as the wild-

type SUP45+ transformants. The in vivo complementation 

test of transformants of PtetSUP45 strain was examined for 
their growth in the presence of Doxycyclin. The result of 

this test was compatible with that of SUP45 ts strain in 

which the chimeric eRF1 transformants grew normally in 

the presence of Doxycyclin.  

In Tetrahymena, only UGA is used as stop codon, 

whereas UAA and UAG are translated to Gln. Ito K. et al. 

(2002) showed that a hybrid eRF1 constructed from Tetra-

hymena domain 1 and yeast domain 2-3 failed to comple-

ment a defect in yeast eRF1 in vivo at 37oC (SUP45 ts 

strain). This finding was consistent with the in vitro assay 

that the hybrid eRF1 responded only to UGA, thus the 

hybrid eRF1 was unable to recognize UAA and UAG 

codons in the SUP45 ts strain. In this study, the hybrid 

eRF1 containing Dileptus domain 1 was able to comple-

ment a defect in yeast eRF1 in vivo. Our result suggests 

that Dileptus eRF1 recognizes all three stop codons. To 

confirm the result, we plan to check the expression of the 
chimeric eRF1 by western blotting. 
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SUMMARY 
 Based on the measurement of water permeability, we have hypothesized the presence of aquaporin in the mem-
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domains and two NPA (Asn-Pro-Ala) motifs, which are conserved among aquaporins of other species. Expression analy-

sis using Xenopus oocytes demonstrated that the gene encodes an aquaporin that is functional as a water channel. Im-

munofluorescence microscopy with anti-ApAQP antibody showed the localization of ApAQP on the CV membrane and 

the vesicles around CV. This is the first success in explaining the high water permeability of the CV membrane. 
[目的] すべての生物において細胞の浸透圧調節は大変重要であり，生物種によってそれぞれの浸透圧調節機

構が進化している。淡水産原生動物であるAmoeba 

proteusは収縮胞と呼ばれる特殊な細胞小器官によっ

て浸透圧調節を行う。収縮胞は細胞内へ流入した水

を細胞外へ排出する役割を持ち，細胞の体積を維持

するために必要不可欠である。しかしながら，収縮

胞への水の集積機構は全く解明されていない。収縮

胞内への水の集積機構を調べるために，Amoeba pro-

teusから取り出した収縮胞を用いて解析した。さら

に，水チャネルであるアクアポリンの関与が示唆さ

れたため，A. proteusからアクアポリン遺伝子の単離

を試み，収縮胞との関連を調べた。 

 

[材料と方法] 材料にはAmoeba  proteusを用い，

Tetrahymena pyriformisを餌として与えた。実験には2

日以上飢餓状態にした細胞を用いた。 

 等張液 (1)で20分間処理した細胞をスライドガラス

とカバーガラスの間に挟み，押しつぶして収縮胞を

単離した(2)。この収縮胞周辺に高張液を灌流し，続

いて，等張液を灌流した。その際の収縮胞の体積変

化を測定した。さらに，この結果より，収縮胞膜の

水透過係数を求めた。 

 分子学的手法を用いてA. proteusからにアクアポリ
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