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Functional analysis of GTP-binding proteins in Bacillus subtilis 
~The role of GTP-binding proteins in the biogenesis of ribosome~ 

 
Yoshitaka Matsuo 

 
 

Abstruct 
 

With the recent explosion of available genome sequence data, a widely 

distributed bacterial subfamily of GTP-binding proteins was discovered, as represented 

by the Escherichia coli Era and the Bacillus subtilis Obg. Although function of a 

number of the GTP-binding proteins belonging to the subfamily has shown to be related 

to ribosome function, their specific role remains unknown. In B. subtilis, we have 

previously identified ten GTP-binding protein encoding genes, which belong to the 

subfamily. Targeted genes disruptions have shown seven of GTP-binding proteins (Obg, 

Era, YqeH, YsxC, YlqF, YphC, and YloQ) are indispensable for the B. subtilis cell 

growth. 

In this study, we report that YlqF participates in the late step of 50S ribosomal 

subunit assembly. YlqF was co-fractionated with the 50S subunit, depending on the 

presence of non-cleavable GTP analogue. Moreover, the GTPase activity of YlqF was 

stimulated specifically by the 50S subunit in vitro. DMS footprinting analysis disclosed 

that YlqF binds to the Helix 38, 81, 85 of 23S rRNA. Yeast two-hybrid data revealed 

interactions between YlqF and the B. subtilis L25 protein (Ctc). Specifically, YlqF is 

positioned around the A-site and P-site on the 50S subunit. Proteome analysis of the 

abnormal 50S subunits that accumulated in YlqF-depleted cells showed that L16 and 

L27 proteins, located near the YlqF-binding domain, are missing. Our results 

collectively indicate that YlqF will organize the late step of 50S ribosomal subunit 

assembly. 

 
Keywords 
Essential genes, GTP-binding proteins, GTP hydrolysis activity, Biogenesis of ribosome 
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I.  
 

 
(Bacillus subtilis) GC

1997 よ 4100
㈻ (Kunst et 

al, 1997) 4100 271

(Kobayashi et al, 2002) 271
㈻ 20 ㈻

20 7 Era/Obg
GTP ㈻ ㈻

よ さ

 
 

I-1. GTP ㈻  
GTP ㈻ ㈻

㈻

GTP ㈻ GTP GDP 2 ┞

㌹ 1
GTP ㈻ GTP GDP

GTP GDP ㈻

GTP よ GDP GTP
㈻ GDP GTP 

2 ┞ ㌹ GDP/GTP
guanine nucleotide exchange factor ; GEF GTP よ

GTPase activating protein ; GAP GEF
よ guanine nucleotide dissociation stimulator ; GDS

よ guanine nucleotide dissociation inhibitor ; 
GDI EF-Tu EF-G ゼ 2
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┞ ㌹ ㈻ さ GTP
EF-Tu -tRNA 々 A

-tRNA GTP EF-Tu tRNA A
GTP よ

GDP -tRNA
よ (Ronina et al, 2000) EF-G 2 tRNA

GTP EF-G pre-translocation state
translocation-intermediate state GTP

EF-G translocation-intermediate state よ

GDP GDP EF-G translocation-intermediate state
post-translocation state (Zavialov et al, 2003)  

GTP ㈻ GTP
G1 G3 G4 G1 

(G/AXXXXGKT/S) G3 (DXXG) G4 (NKXD) GTP GTP よ

さ G2 GTP ㈻

㈻ ┞ さ

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.1 GTP ㈻  
GTP GDP 2 ┞ ㌹ GDP
GTP (guanine nucleotide exchange protein: GEP) GTP よ

 (GTPase activating protein: GAP) さ  
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I-2.  Era/Obg  
┷ 1981 Ras ぜ Rho Cdc42

GTP ㈻ ぜ

GTP ㈻

㈻ ゼ FtsZ
FtsY Ffh 1986 Ras

GTP ㈻ Era (E.coli Ras like protein)
ぜ (Ahnn et al, 1986) Era Ras ┞

よ Ras ┞ GTP Ras
(Chen et al, 1990)

GTP ㈻ Obg ぜ (Trach and Hoch, 
1989) Era Obg GTP ㈻ GTP
㈻

㈻

┷ Era Obg EngA
YihA YlqF YqeH YjeQ ThdF GTP ㈻

㈻

GTP ㈻ Era/Obg
 

Era Obg ┞

10 Era/Obg ㈻(Era, Obg, YphC, 
YsxC, YqeH, YloQ, YlqF, ThdF, YnbA, YyaF)

10 ㈻ GTP
.2 Obg YloQ GTP よ (Welsh 

et al, 1994; Campbell et al, 2005) YloQ 30S
(Campbell et al, 2005) 5 ㈻(Era, YphC, 

YsxC, YqeH, YlqF) GTP GDP
(Morimoto et al, 2002) ThdF YyaF GTP ㈻

TrmE(ThdF ) GTP
GDP GTP よ (Cabedo et al, 1999; 

Scrima et al, 2005) YchF(YyaF ) GDP
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(Teplyakov, et al, 2003) ┞ 10 9
㈻ GTP ㈻ ㈻

 
Era/Obg 6  

[Era Obg EngA(YphC) YihA(YsxC) TrmE/ThdF YlqF]
ぜ

 
 

 

I-2-1. Era  
Era ┷

┷ ( .1) (Escherichia coli)
㈻ (Ahnn et al, 1986; 

Maech et al, 1988; Takiff et al, 1989; Gollop & March, 1991; Anderson et al, 1996; 

Sato et al, 1998; Morimoto et al, 2002) Era N ❻ GTP

.2 Era/Obg GTP ㈻  
G1 G3 G4 RNA TGS

KH RNA  
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C ❻ RNA KH
( .2) KH 16S rRNA

(Meier et al, 1999; Sayed et al, 1999)  
Era よ 1989 1998

よ Era
よ 27ºC Era (Gollop and March, 

1991) 43ºC ㈻

TCA ppGpp ぜ

(Lerner and Inouye, 1991) DNA々 DnaG
dnaG2903 parB era1

(Britton and Lupski, 1997) Era GTP G1
17 ┘ GTP
よ (Britton et al, 1997) era1 々

dnaB DNA gyrB
IV parC mukB 

Era
(Britton et al, 1998)  

よ よ

Era さ ぜ

よ

㈻

2
Era 70S 50S 30S

ふ 30S RNA 16S rRNA  
(17S rRNA) ふ (Inoue et al, 2003) Era

(E200K) 25ºC ふ Era
16S rRNA さ RbfA

(Inoue et al,2003)
30S-Era々 よ Era ㈻ S1  (30S

head platform cleft) GTP
よ (GDPNP) Era 30S in vitro
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30S  50S
(Sharma et al, 2005) S1 ㈻ 30S mRNA
㎲ さ (Sengupta et al, 2001)  

Era 30S
30S ⇅ S1

⇅ 30S mRNA ㎲

 
 

I-2-2. Obg  
Obg 5 (Obg YyaF/YchF Ygr210 Drg Nog1)

DRG Nog1 ┷ Ygr210
Obg YyaF/YchF

┷ ┷ ( .1)
㈻ GTP TGS

RNA  
Obg Era/Obg ㈻ Era

㈻ (Streptomyces 
coelicolor)
(Trach and Hoch, 1989; Okamoto et al, 1997; Okamoto and Ochi, 1998; Vidwans et al, 

1995; Welsh et al, 1994) Vidwans Obg
Spo0A ㊪

Spo0A Obg さ

(Vidwans et al, 1995) GTP
Obg GTP/GDP

(Okamoto and Ochi, 1998)
GTP Obg Obg

GTP GTP
GDP
(Okamoto and Ochi, 1998; Welsh et al, 1994) フ

Lin (Caulobacter crescentus) Obg CgtA よ

(Maddock et al, 1997) CgtA ㈻ GDP
GTP よ GTP
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GTP Obg
㌹ σB さ (Scott and 

Haldenwang, 1999; Scott et al, 2000) Obg
Obg
Obg

Obg
(Vivrio harveyi)
よ 々

ぜ Obg ObgE
ぜ Obg 々

さ (Kobayashi et al, 2001; Slominska 
et al, 2002; Sikora-Borgula et al, 2002) Era

よ よ Obg
さ

Obg 50S L13 ㈻ ┞ (Scott and Haldenwang, 
1999) Obg 50S

(Lin et al, 2004; Wout et al, 2004; Sato et al, 2005)
Obg Era 70S

50S 30S ふ (Lin et al, 2004; Wout et al, 2004; 
Datta, et al, 2004; Sato et al, 2005) Obg

ふ (Sato et al, 2005) 23S rRNA
rrmJ 70S 50S

30S ふ Obg
(Tan et al, 2002)

 
Obg DRG

ぜ (Kumar et al, 1992) よ RNA
(Ishikawa et al, 2003) Nog1

㈻

(Park et al, 2001) YyaF/YchF よ DNA
(Teplyakov et al, 2003)

よ
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Ygr210 よ  
 

I-2-3 EngA(YphC)  
EngA (Neisseria gonorrhoeae) GTP
㈻(Essential Neisserial GTPase A; EngA)

(Mehr et al, 2000)
(Thermotoga maritime) (Hwang and 

Inouye, 2001; Morimoto et al, 2002) EngA ┷

(Arabidopsis thaliana)
( .1) EngA GTP

Era KH C ❻

( .2) EngA Obg rrmJ
(Tan et al, 2002)

 
 

I-2-4 YihA(YsxC)  
YihA ( .1)

(Dassain et al, 1999; Morimoto et al, 2002) YihA 200
㈻ ┷ N ❻ 120

YihA
ぜ さ

(Dassain et al, 1999)
 

 

I-2-5 TrmE/ThdF  
TrmE actinobacteria ┷ ┷

( .1)
MSS1 15S rRNA ゼ

(Decoster et al,1993) ゼ

(Wolf et al, 1999) TrmE tRNA
(U34 in tRNALys, tRNAGlu, TRNAArg, tRNAGlu) (mnm5U; 

5-methylaminomethyl-uridin) (Elseviers et al, 
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1984; Cabedo et al,1999; Scrima et al, 2005) よ TrmE
DMGO(dimethylglycine oxidase) DMGO
5-folmyl-THF(5-formyl-tetrahydrofolate) TrmE
tRNA U34 (Scrima et al, 2005)

.3 .3A TrmE GidA
TrmC 3 3 TrmE

1st 5-folmyl-THF り

( .3B; Scrima et al, 2005)  
 

 

I-2-6 YlqF  
YlqF 4 (YlqF YqeH YjeQ MJ1464)

㈻ GTP GTP
㈻ ぜ G1-G3-G4 G4-G1-G3

A

B

.3 tRNA U34  
A. U34 TrmE GidA 5-carboxylmethylaminometyl

TrmC  
B. TrmE GidA 5-carboxylmethylaminometyl  
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( .2) YlqF ┷

( .1)
(Morimoto et al, 2002) Nug1 Nog2

2 YlqF ㈻ YlqF
N ❻ 200 Nug1 Nog2

(Fromont-Racine et al, 1997) 60S
㈻

5.8S 25S rRNA
(BaBler et al, 2001; Saveanu et al, 2001) Nug1 Nog2 60S

さ YlqF
よ YjeQ ┷

( .1)  (Arigoni et al, 1998; 
Kobayashi et al, 2002) YjeQ GTP
よ 30S (Daiagle 

and Brown, 2004; Himeno et al, 2004; Campbell et al, 2005) Era Obg
YjeQ 70S 30S 50S

YjeQ 30S
(Daiagle and Brown, 2004; Himeno et al, 2004)

YqeH ┷ ( .1)
(Morimoto et al, 2002)

MJ1464 ( .1) よ

 
 

Era/Obg ㈻

┷

㈻

Era Obg YjeQ
TrmE tRNA さ

GTP ㈻(YsxC, YphC, YqeH, YlqF)
よ  
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┷

* F 4G

┷

┞ よ 2 H G F , )F GF 2',) G I FI オ 2',) オ F H I F 2',)
1 et al, 2002) + GFH F 5 F H ^H & HF ) H HH 9 9 F 3F F H F F 5 F

┷

┷



pcu Parachlamydia sp. UWE25 mge Mycoplasma genitalium ypk Yersinia pestis
gvi Gloeobacter violaceus mhy Mycoplasma hyopneumoniae ypm Yersinia pestis biovar Mediaevails
syw Synechococcus sp. WH 8102 mmo Mycoplasma mobile yps Yersinia pseudotuberculosis

ape Aeropyrum pernix syn Synechocystis sp. PCC 6803 mmy Mycoplasma mycoides subsp. mycoides SC cbl Candidatus Blochmannia floridanus
sso Sulfolobus solfataricus tel Thermosynechococcus elongatus mpe Mycoplasma penetrans cbu Coxiella burnetii
sto Sulfolobus tokodaii ana Nostoc sp. PCC 7120 mpn Mycoplasma pneumoniae lpn Legionella pneumophila subsp. pneumophila
pai Pyrobaculum aerophilum pmi Prochlorococcus marinus mpu Mycoplasma pulmonis mca Methylococcus capsulatus
afu Archaeoglobus fulgidus pma Prochlorococcus marinus subsp. marinus uur Ureaplasma urealyticum hdu Haemophilus ducreyi
hal Halobacterium sp. NRC-1 pme Prochlorococcus marinus subsp. pastoris fnu Fusobacterium nucleatum hin Haemophilus influenzae Rd
mth Methanobacterium thermoautotrophicum dra Deinococcus radiodurans rba Pirellula sp. msu Mannheimia succiniciproducens
mja Methanococcus jannaschii tth Thermus thermophilus ccr Caulobacter crescentus pmu Pasteurella multocida
mmp Methanococcus maripaludis ban Bacillus anthracis bhe Bartonella henselae aci Acinetobacter sp. ADP1
mac Methanosarcina acetivorans bat Bacillus anthracis bqu Bartonella quintana pae Pseudomonas aeruginosa
mma Methanosarcina mazei bce Bacillus cereus bja Bradyrhizobium japonicum ppu Pseudomonas putida KT2440
mka Methanopyrus kandleri bcz Bacillus cereus ZK rpa Rhodopseudomonas palustris pst Pseudomonas syringae pv. tomato
pab Pyrococcus abyssi btk Bacillus thuringiensis serovar konkukian bme Brucella melitensis ppr Photobacterium profundum
pfu Pyrococcus furiosus bha Bacillus halodurans bms Brucella suis vch Vibrio cholerae
pho Pyrococcus horikoshii bld Bacillus licheniformis mlo Mesorhizobium loti vpa Vibrio parahaemolyticus
pto Picrophilus torridus bli Bacillus licheniformis atc Agrobacterium tumefaciens vvu Vibrio vulnificus
tac Thermoplasma acidophilum bsu Bacillus subtilis sme Sinorhizobium meliloti vvy Vibrio vulnificus YJ016
tvo Thermoplasma volcanium oih Oceanobacillus iheyensis rco Rickettsia conorii xac Xanthomonas axonopodis pv. citri
neq Nanoarchaeum equitans lin Listeria innocua rpr Rickettsia prowazekii xcc Xanthomonas campestris pv. campestris
cdi Corynebacterium diphtheriae lmo Listeria monocytogenes rty Rickettsia typhi xfa Xylella fastidiosa
cef Corynebacterium efficiens lmf Listeria monocytogenes str. 4b F2365 wol Wolbachia pipientis xft Xylella fastidiosa
cgl Corynebacterium glutamicum sar Staphylococcus aureus bbr Bordetella bronchiseptica bba Bdellovibrio bacteriovorus
mpa Mycobacterium avium subsp. paratuberculosis sas Staphylococcus aureus bpa Bordetella parapertussis dps Desulfotalea psychrophila
mle Mycobacterium leprae sam Staphylococcus aureus bpe Bordetella pertussis dvu Desulfovibrio vulgarish
mbo Mycobacterium bovis subsp. bovis sav Staphylococcus aureus bma Burkholderia mallei gsu Geobacter sulfurreducens
mtu Mycobacterium tuberculosis sau Staphylococcus aureus bps Burkholderia pseudomallei cje Campylobacter jejuni
mtc Mycobacterium tuberculosis sep Staphylococcus epidermidis rso Ralstonia solanacearum hhe Helicobacter hepaticus
nfa Nocardia farcinica efa Enterococcus faecalis cvi Chromobacterium violaceum hpy Helicobacter pylori
tws Tropheryma whipplei ljo Lactobacillus johnsonii nme Neisseria meningitidis hpj Helicobacter pylori
twh Tropheryma whipplei lpl Lactobacillus plantarum nma Neisseria meningitidis wsu Wolinella succinogenes
lxx Leifsonia xyli lla Lactococcus lactis neu Nitrosomonas europaea lic Leptospira interrogans serovar Copenhageni
pac Propionibacterium acnes sag Streptococcus agalactiae son Shewanella oneidensis lil Leptospira interrogans serovar lai
sma Streptomyces avermitilis san Streptococcus agalactiae buc Buchnera sp. APS bbu Borrelia burgdorferi
sco Streptomyces coelicolor smu Streptococcus mutans bab Buchnera aphidicola bga Borrelia garinii PBi
blo Bifidobacterium longum spn Streptococcus pneumoniae bas Buchnera aphidicola tde Treponema denticola
sth Symbiobacterium thermophilum spr Streptococcus pneumoniae eco Escherichia coli tpa Treponema pallidum
aae Aquifex aeolicus spy Streptococcus pyogenes ecc Escherichia coli tma Thermotoga maritima
bfr Bacteroides fragilis spa Streptococcus pyogenes ecs Escherichia coli sce Saccharomyces cerevisiae
bth Bacteroides thetaiotaomicron spg Streptococcus pyogenes ece Escherichia coli spo Schizosaccharomyces pombe
pgi Porphyromonas gingivalis spm Streptococcus pyogenes eca Erwinia carotovora subsp. atroseptica ecu Encephalitozoon cuniculi
cte Chlorobium tepidum TLS sps Streptococcus pyogenes plu Photorhabdus luminescens subsp. laumondii ath Arabidopsis thaliana
cmu Chlamydia muridarum cac Clostridium acetobutylicum sty Salmonella enterica subsp. enterica serovar Typhi cel Caenorhabditis elegans
ctr Chlamydia trachomatis cpe Clostridium perfringens stt Salmonella enterica subsp. enterica serovar Typhi dme Drosophila melanogaster
cca Chlamydophila caviae ctc Clostridium tetani E88 stm Salmonella typhimurium has Homo sapiens
cpn Chlamydophila pneumoniae tte Thermoanaerobacter tengcongensis sfx Shigella flexneri 2a
cpa Chlamydophila pneumoniae poy Onion yellows phytoplasma sfl Shigella flexneri 2a
cpj Chlamydophila pneumoniae mfl Mesoplasma florum wbr Wigglesworthia brevipalpis
cpt Chlamydophila pneumoniae mga Mycoplasma gallisepticum ype Yersinia pestis

19
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I-3  
70S 2.3MDa RNP(RNA-

㈻)々 30S( ) 50S( ) 2
30S 16S rRNA( 1600 ) 20
㈻ 50S 23S rRNA( 2900 ) 5S rRNA(

120 ) 30 ㈻ RNA
㈻ 2:1 7 RNA
さ RNA
㈻ 30S mRNA

tRNA よ

EF-Tu GTP よ さ

50S ゼ

 
㈻ さ

さ

㈻ 30%
(Tissieres et al, 1959)

40% (Nierhaus, 1991)
3 rRNA

rRNA 23S 16S 5S rRNA
⇅ ( .4)

㈻ ㎲

 
 

I-3-1 rRNA  
rRNA

rRNA 3 rRNA(16S 23S 5S) tRNA
( .4) 々 rrn
7 10 rrn

々 rRNA ㌹

㌹ rrn 1st  
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RNaseIII pre-16S pre-23S pre-5S ( .4; 
Srivastava and Schlessinger, 1990) rrn
㌹ (King et al, 1984)

rrn rRNA 1-2%
(King et al, 1984) RNaseIII

pre-16S rRNA RNaseE RNaseG 5 ❻

( .4; Li et al, 1999) 3 ❻

RNase ( .4) pre-23S 
rRNA 5 ❻ RNaseT 3 ❻

( .4 ; Li et al, 1999) pre-5S rRNA 5S rRNA tRNA
RNaseP( ) (Altman et al, 1995)

RNaseE 5 3 ❻ ( .4; Ghora and 
Apirion, 1978) RNase

rRNA RNase
RNase .2

16S 5S rRNA RNaseE
RNaseE RNase ぜ

(Condon et al,2001) RNase RNaseM5
RNaseE 5S rRNA 5 3 ❻

.4 rRNA  
3 rRNA(23S,16S,5S) 1 ㌹ RNase

⇅ rRNA  
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(Condon et al,2001) rRNA
 

 

 
I-3-2 ㈻  
 30S p130S(p precursor )

p230S 2 (Nierhaus et al,1973) 50S
p150S p250S p350S 3

(Nierhaus et al,1973; Mangiarotti et al, 1968; Hayes F and Hayes D, 1971)
P230S ㈻ 16S rRNA 5 3
❻ (Nierhaus et al,1973) p350S

㈻ ⇅ 50S
(Hayes F and Hayes D, 1971)  

rRNA ㈻

モ (Traub and Nomura, 
1967; Nierhaus and Dohme, 1974) モ 30S
RI30(Reconstitution intermediate) 1 2

50S RI50(1)  RI50(2) 2
3 ( .5, 6; Traub and 

Nomura, 1967; Nierhaus and Dohme, 1974)
さ  

モ 30S 50S 2
( .5, 6; Held et al, 1974; Dohme and  
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Nierhaus, 1976) 30S ㈻ 6 primary 
binding proteins(S4, S7, S8, S15, S17, S20) 9 secondary binding proteins(S5, S6, 
S9, S11, S12, S13, S16, S18, S19) 5 tertiary binding proteins(S2, S3, S10, S14, 
S21) 1st primary secondary biding 
proteins RI30 2nd

RI30 tertiary binding proteins 30S
( .5) 50S 1st 23S 5S rRNA

early assembly proteins(L1, L2, L3, L4, L5, L7/12, L9, L10, L11, L13,L15,  
L17,L18, L20, L21, L22, L23, L24, L26, L29, L33, L34) RI50(1)

RI50(1) RI50*(1)
late assembly proteins(L6, L14, L16, L19, L25, L27, L28, L30, L31, L32 )

RI50(2) RI50(2) 50S
( .6)  

  

. 5 in vitro 30S  
A モ *  
B Nomura 30S  

㈻ ㈻

3 primary secondary tertialy binding protein
Ⅴ RI30 30S ㈻
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. 6 in vitro 50S  
A モ * ( ) さ

  
B  Nierhaus 50S  
 ㈻ Ⅴ み

 ㈻ RI*50(1) ㈻ Ⅴ

 み ㈻ 5S rRNA ㎲

 ㈻ Ⅴ RI50(1) RI50(2) ㈻  
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(3 rRNA 50
㈻)

2
ふ in vitro

ふ ㈻ 30S 50S
┞ ( .3) rRNA

㈻ ㎲

レ
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I-3-3  
┷

㈻ 100 ( ㈻

RNA) (Fromont-Racin et al, 2003; Fatica 
and Tollervey, 2002) モ

㈻

モ

さ

DnaK RNA SrmB
CsdA (Charollais et 
al, 2004; Charollais et al, 2003; Haga and Alix, 2004; Maki et al, 2002) DnaK

(dnaK756-ts) 44ºC 30S 50S
ふ (Haga and Alix, 2004) モ

30S RI30 RI30*
さ DnaK

(Maki et al, 2002) srmB
50S

(Charollais et al, 2003) csdA
50S ふ (Charollais et al, 

2004) Era Obg YjeQ GTP ㈻

(Inoue et al, 2003; 
Sharma et al, 2005; Lin et al, 2004; Wout et al, 2004; Datta, et al, 2004; Sato et al, 

2005; Daiagle and Brown, 2004; Himeno et al, 2004)  
 

I-4 ┘  
Era/Obg ㈻

┷

Era/Obg
㈻ (Era, Obg, YjeQ)

(Inoue et al, 2003; Sharma et al, 2005; Lin et al, 
2004; Wout et al, 2004; Datta, et al, 2004; Sato et al, 2005; Daiagle and Brown, 2004; 
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Himeno et al, 2004) Era よ

よ

30S S1 ㈻

mRNA (Sharma et al, 2005)
Obg YjeQ

Era/Obg Era
Obg YjeQ ㈻

よ ㈻

よ さ

Era/Obg (Era, Obg, YphC, YsxC, YlqF, YqeH)
よ ┘  

2 GTP ㈻

々 よ YsxC YlqF ┞

ぜ GTP
㈻ よ Obg 50S

YlqF 50S YsxC 70S
ぜ YlqF GTP よ (GTPγS)

50S
GTP よ ぜ GTP ㈻

(era, obg, yphC, ysxC, ylqF, yqeH) IPTG
( ) GTP ㈻

ふ GTP ㈻

70S 50S 30S ふ

GTP ㈻ GTP
㈻

6 GTP ㈻

㈻

 
3 YlqF 50S ┞ レ 50S

YlqF ┘ よ In vitro
YlqF 50S よ YlqF 50S
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2 1 YlqF ⇅ 50S
GTP よ ぜ

DMS 2
YlqF モ YlqF 50S

A P ㎰

YlqF 70S
⇅ 50S ⇅ 50S

㈻ L16 L27 ぜ

㈻ L16 L27 late assembly protein DMS
YlqF

YlqF 50S
㈻ L16 L27 ㎲  
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II. GTP ㈻  
 

 
 Era Obg
Era/Obg ㈻

10 Era/Obg
㈻ 7 ㈻

㈻

㈻

よ さ

Era/Obg GTP ㈻ ┷

Era/Obg
㈻ ㈻

㈻

㈻ ッ

レ よ さ  
Era/Obg

GTP ㈻ よ

㈻ ┞ Ⅴ  
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II-1.  
 

II-1-1.  
2 4 オ

LB (10g/L Bactotryptone 5g/L Bacto yeast extract  10g/L NaCl)
37ºC CRK6000

20µg/ml adenine guanosine 50µg/ml methionine histidine
さ

㈻ 0.5µg/ml 10µg/ml 5µg/ml
100µg/ml 5µg/ml  

LB 37ºC 30ºC さ

㈻ 50µg/ml 30µg/ml
 

 

II-1-2.  
 .7 .5

.6
PCR TAKARA

pDONOR pNO41GW Gateway 
technology( ) ㎲

invitrogen♣ BP LR  
Hanahan (Hanahan et al, 

1983) DNA ㈻ LB ㈻㌹

㈻ LB 10ml
SDS (Sambrook et al, 1989) DNA ┘

∞ PCR
ABI♣ BigDyeTMterminator Cycle seaquencing Ready Reaction

ABI3100
 

 
 
 
 



B.subtilis
168 trpC2

CRK6000 purA16, metB5, hisA3, guaB
TMO101 purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm) Morimoto et al,2002
TMO102 purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm) Morimoto et al,2002
TMO303 purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat Morimoto et al,2002
TMO104 purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm) Morimoto et al,2002
TMO208 purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm) Morimoto et al,2002
TMO309 purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec Morimoto et al,2002

TMO101C purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNO41
TMO101B purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNOB
TMO101O purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNOO
TMO101P purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNOP
TMO101S purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNOS
TMO101L purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNOL
TMO101Q purA16, metB5, hisA3, guaB, bex::pTM101(Pspac-bex erm), pNOQ
TMO102C purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNO41
TMO102B purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNOB
TMO102O purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNOO
TMO102P purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNOP
TMO102S purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNOS
TMO102L purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNOL
TMO102Q purA16, metB5, hisA3, guaB, obg::pTM102(Pspac-obg erm), pNOQ
TMO303C purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNO41
TMO303B purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNOB
TMO303O purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNOO
TMO303P purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNOP
TMO303S purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNOS
TMO303L purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNOL
TMO303Q purA16, metB5, hisA3, guaB, yphC::tet, amyE::Pspac-yphC cat, pNOQ
TMO104C purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNO41
TMO104B purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNOB
TMO104O purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNOO
TMO104P purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNOP
TMO104S purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNOS
TMO104L purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNOL
TMO104Q purA16, metB5, hisA3, guaB, ysxC::pTM104(Pspac-ysxC erm), pNOQ
TMO208C purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNO41
TMO208B purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNOB
TMO208O purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNOO
TMO208P purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNOP
TMO208S purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNOS
TMO208L purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNOL
TMO208Q purA16, metB5, hisA3, guaB, ylqF::pTM208(Pspac-ylqF erm), pNOQ
TMO309C purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNO41
TMO309B purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNOB
TMO309O purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNOO
TMO309P purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNOP
TMO309S purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNOS
TMO309L purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNOL
TMO309Q purA16, metB5, hisA3, guaB, yqeH::tet, aprE::Pspac-yqeH spec, pNOQ

E.coli
C600 supE44 hsdR thi-1 thr-1 leuB6 lacY1 tonA21
DH5α supE44, ∆lacU169(Ø80 lacZ∆M15), hsdR17, recA1, endA1 gyrA96, thi-1, relA1

DB3.1 F-, gyrA462ebdA1∆(sr1-recA), mcrB, mrr, hsd, S20(r-
B m-

B), supE44, ara-14, galK2,
lacy1, proA2, rpsL20(Smr), xyl-5, leu

BL21(DE3)pLysS F- ompT hsdSB(r-
B m-

B) gal dcm D(srl-recA)306::Tn10(DE3) pLysS Novagen

31
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ka
n
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T7 promoter

pET29b
5370bp

kan rrnT1 rrnB
bla rrnT2 rrnB
C-tet ( ❻ attP1 BP さ

C-tet C ❻ attP2 BP さ

lacI attR1 LR さ

cat attR2 LR さ

ccdB DNA MCS
pUC ori ori

.7 

!"#$% &'() *+,)- ./012345

pDONRE pDONOR201 SD6789:era;<=67 (903bp) >?@

pDONRO pDONOR201 SD6789:obg;<=67 (1284bp) >?@

pDONRP pDONOR201 SD6789:yphC;<=67 (1308bp) >?@

pDONRS pDONOR201 SD6789:ysxC;<=67 (585bp) >?@

pDONRLQ pDONOR201 SD6789:ylqF;<=67 (846bp) >?@

pDONRQ pDONOR201 SD6789:yqeH;<=67 (1098bp) >?@

pNOE pNO41GW SD6789:era;<=67 (903bp) >?@

pNOO pNO41GW SD6789:obg;<=67 (1284bp) >?@

pNOP pNO41GW SD6789:yphC;<=67 (1308bp) >?@

pNOS pNO41GW SD6789:ysxC;<=67 (585bp) >?@

pNOL pNO41GW SD6789:ylqF;<=67 (846bp) >?@

pNOQ pNO41GW SD6789:yqeH;<=67 (1098bp) >?@

pETE pET29b era!"#$% (903bp) Morimoto et al , 2002

pETO pET28b obg!"#$% (1284bp) Morimoto et al , 2002

pETP pET29b yphC!"#$% (1308bp) >?@

pETS pET29b ysxC!"#$% (585bp) >?@

pETL pET29b ylqF!"#$% (846bp) >?@

pETQ pET29b yqeH!"#$% (1098bp) Morimoto et al , 2002

A.5BC2DEFGHI!"#$%
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II-1-3. Gateway  
 Gateway Landy, 1989

.8  
  ┘ 5 - ❻ 3 - ❻ attB1 3 - ❻ 14

attB2 5 - ❻ 8 SD.era-GWF, era-gwR, 
SD.obg-GWF, obg-gwR, SD.yphC-GWF, yphC-gwR, SD.ysxC-GWF, ysxC-gwR, 

SD.ylqF-GWF, ylqF-gwR, SD.yqeH-GWF, yqeH-gwR 168
┘ ∞ PCR

!"#$% &'

SD.era-GWF AAAAAGCAGGCTCG GGCGCATTTTCATCGGAGGA

era-gwR AGAAAGCTGGGTC AGAGATTAATATTCGTCCTC

SD.obg-GWF AAAAAGCAGGCTCG GGTTTAGAACGGAGGACATT

obg-gwR AGAAAGCTGGGTC TGATTAATCAATAAATTCAAATTC

SD.yphC-GWF AAAAAGCAGGCTCG GGATTGAAAGGAAGGGTACT

yphC-gwR AGAAAGCTGGGTC CTTTTTATTTTCTAGCTCTTGC

SD.ysxC-GWF AAAAAGCAGGCTCG GCCTTAGTAGGAGAGAAGAA

ysxC-gwR AGAAAGCTGGGTC CCTCTACCGGTTTATCATTT

SD.ylqF-GWF AAAAAGCAGGCTCG AAAGGCGGTGTTCGTGTCAC

ylqF-gwR AGAAAGCTGGGTC TTACATCGTCGGCTGTTCAA

SD.yqeH-GWF AAAAAGCAGGCTCG TTCAGTGGGAGGAGTAAGAA

yqeH-gwR AGAAAGCTGGGTC TTCTTAAATTAATGAACGCCG

yphC-F aaggaagggtcatATGGGTAAACCTGTCGTAGCC

yphC-R agaagatcTTTTCTAGCTCTTGCAAATATTTTG

taggagagaacatATGAAAGTCACAAAGTCAGAAATCG

ysxC-R ggaggatcCCGGTTTATCATTTTTTTGATCGC

ylqF-F tgtcatATGACAATTCAATGGTTCCCGGGCCATATGGC

ylqF-R agaagatctatCATCGTCGGCTGTTCAAATGACAGCC

attB1 GGGGACAAGTTTGTACAAAAAAGCAGGCTCG

attB2 GGGGACCACTTTGTACAAGAAAGCTGGGTC

pDONOR-F TCGCGTTAACGCTAGCATGGATCTC

pDONOR-R GTGTCTCAAAATCTCTGATGTTAC

pNO41GW-F CGGCGACGATAGTCATGC

pNO41GW-R TCCTGCTCGCTTCGCTAC

pET-F GTGCTCAACGGCCTCAACCTACT

pET-R CCACTGAGATCCGGCTGCTA

()*+,-./0123!"#$%

456789:attB7&'7;<=>2?@56789:ABCD7EF&'=>GH
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∞  attB1 attB2 ❻ attB1 attB2
┘ ∞ ┘ ∞ BP Clonase Enzyme mix 

(Invitrogen) donor vector entry clone entry clone
DH5 ┘ LR Clonase Enzyme 

mix(Invitrogen) destination vector expression clone
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

II-1-4 2  
2  

Buffer A, 10 mM Tris-HCl, pH 7.6, 10 mM (CH3COO)2Mg, 100 mM CH3COONH4, 6 
mM β-mercaptoethanol, and 2 mM PMSF 
Buffer B, 20 mM Tris-HCl, pH 7.6, 15 mM (CH3COO)2Mg, 1 M CH3COONH4, 6 mM 
β-mercaptoethanol, and 2 mM PMSF 
buffer C, 10 mM Tris-HCl, pH 7.6, 1 mM (CH3COO)2Mg, 100 mM CH3COONH4, 6 
mM β-mercaptoethanol, and 2 mM PMSF 
Binding buffer, 20 mM Tris-HCl, pH 7.9, 0.5 M NaCl, 5 mM imidazole 
Washing buffer, 20 mM Tris-HCl, pH 7.9, 0.5 M NaCl, 20 mM imidazole 
 

.8 Gateway  
donor vector entry clone destination vector expression clone pDONOR201
pDONOR201-gene pNO41GW pNO41-gene ccdB donor vector

destination vector DH5 donor 
vector destination vector DB3.1 ccdB
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II-1-5 ㈻㌹  
CRK6000 168 Kunst ㈻㌹

㈻ LB ㈻㌹ (Kunst et al, 1994)  
 

II-1-6 GTP ㈻  
BL21 (DE3) pLysS ㎲

pET29b 30 µg/ml Kanamycin LB 500 ml
30 Υ 280 rpm OD600 0.6 Ⅴ 1 m

IPTG 3 PET SYSTEM (Novagen)
C ❻ His6

㈻ (Obg N ❻) Binding Buffer 0.5 M NaCl, 5 mM 
Imidazole, 20 mM Tris/HCl pH7.9 10 ml Binding Buffer

4 Υ 39000 
g 30 Ni-agarose resin (Novagen) 

His6 ㈻ モ GTP ㈻

10 ml Binding Buffer 3 10~60 mM Imidazole
Binding Buffer ┘ ㈻ よ 60 mM Imidazole
Binding Buffer Buffer A

㈻ 10 -80ºC
モ ㈻ Protein Assay Reagent (Bio Rad)

 
 

II-1-7 々 よ  
々 よ GTP ㈻

His6

GTP ㈻ (BL21 (DE3) pLysS) GTP
㈻ Ni-agarose resin
(II-1-6 ) 168 LB 500ml OD600

0.6 Binding buffer
(8000psi)

GTP ㈻ 々
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々 SDS-PAGE ㈻

㈻ ゝ  
 

II-1-8 ㈻ ゝ ㈻  
㈻ Shevchenko (Shevchenko et al, 

1996) 4-20%
SDS-PAGE ㈻ ∞

10mM DTT 56ºC
45 55mM 

100mM 30
モ

100mM 12.5µg/ml 50mM 
37ºC
25mM 1 5%

2 ⇩

5% よ モ ESI- ㈻

(LC/MS; Thermo Electron, Michrom Bioresousis) よ

Mascot  
 

II-1-9 ふ  
 ふ

(8000psi)
10-40% 90000 g 14

Gradient station (BIOCOMP) 254nm
4ºC DEPC

RNase  
 
II-1-10  

His ㈻

(Morimoto et al,2002) ㈻

Hassan (Hassan et al, 1997) ㈻

㈻
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SDS-PAGE PVDF Hybond-P(Amersham Pharmacia)
(5% skim milk, 30mM Tris/HCl pH 7.4, 

200ml NaCl) 1 GTP ㈻ HRP
IgG (Bio-Rad) ECL-Plus system (Amarsham 

Pharmacia)  
 

II-1-11  
Nanamiya (Nanamiya et al, 2004)

168 37Cº LB OD600 0.6
Buffer A (8000psi)

8000 g 10 240000 
g 100 Buffer B 40000 
g 1 2ml 30% 2ml Buffer 
B 240000 g 3.5 Buffer A

-80ºC 
4ºC DEPC

RNase  
 
 
II-1-12 GTP よ  

GTP よ Welsh (Welsh 
et al, 1994) Buffer A 0.7µM GTP ㈻ 2µM GTP 0.1µM 

1.2pmol (0.27x105Bq) [γ-32P]GTP (2.22x1014Bq/mmol ; Perkin Elmer)
37ºC 30 0 10

6% Buffer A 100µl
 よ GTP

50µl
32P  (BECKMAN)

DEPC RNase
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II-2.  
 

II-2-1. Era/Obg 々 よ  
GTP ㈻ GTP よ

┞

Era/Obg ㈻ ┞

よ

6 GTP ㈻(YsxC
YlqF YphC YqeH Era Obg) ┞

GTP ㈻

々 よ PET SYSTEM GTP
㈻ C ❻ His6 (Obg N ❻)

Ni- ㈻

98% ( .9)
His6 GTP ㈻ Ni-

GTP ㈻ 々

SDS-PAGE
㈻ ㈻ ゝ ( .10A)

YsxC YlqF
( .10B, 

C) ㈻ ㈻ ゝ

㈻ ( .10B, C) YsxC YlqF
々 4

GTP ㈻(Era, Obg, YqeH, YphC)
YsxC YlqF

㈻ ( .10A, D-G) Era, Obg, 
YqeH, YphC ㈻

YsxC YlqF ば

よ  
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2 3 4 5 61

250 kDa

150 kDa

100 kDa

75 kDa

50 kDa

37 kDa

25 kDa

15 kDa

10 kDa

M M

.9 GTP ㈻ SDS-PAGE 
GTP ㈻(1µg) SDS-PAGE CBB Lane M,1, 2, 3, 4, 

5, 6 ㈻ , YsxC , YlqF, Era, YphC, YqeH, Obg  
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.10 GTP ㈻ 々 よ
A. SDS-PAGE B, C,
D, E, F, G YsxC, YlqF, Era, Obg, YqeH, YphC ㈻ ㈻

ゝ
D, E, F, G

250 kDa

150 kDa

100 kDa
75 kDa

50 kDa

37 kDa

25 kDa

15 kDa
10 kDa

Yl
qF

Er
a

O
bg

Yq
eH

Yp
hC

Ys
xC

Yl
qF

Er
a

O
bg

Yq
eH

Yp
hC

Ys
xC

500 mM NaCl 1 M NaClA

DnaK  Class I heat- shock protein
AspS  aspartyl- tRNA synthetase
RplB    ribosomal protein L2
Spo0M  sporulation-control gene
RpsB  ribosomal protein S2
RpsD  ribosomal protein S4
RpsC  ribosomal protein S3
RplD   ribosomal protein L4
RplE   ribosomal protein L6
RplJ    ribosomal protein L10
RpsG  ribosomal protein S7
RplM   ribosomal protein L13
RplO   ribosomal protein L15
RplP   ribosomal protein L16
RpsL  ribosomal protein S12
RplK   ribosomal protein L11
RplR   ribosomal protein L23
RpsK  ribosomal protein S11
RpsH  ribosomal protein S8
RpsM  ribosomal protein S13
RplX    ribosomal protein L24
RplV    ribosomal protein L22
RplR    ribosomal protein L18
RplU    ribosomal protein L21
RplN    ribosomal protein L14
RpsP   ribosomal protein S16
RpsT   ribosomal protein S20
RpsF   ribosomal protein S6
RpmC   ribosomal protein L29

GuaA  GMP synthase
Tig       trigger factor
YurU    conserved protein

Eno      enolase

RplB     ribosomal protein L2
Spo0M sporulation control gene
RpsB    ribosomal protein S2

RplA     ribosomal proteinL1
RplC     ribosomal protein S3

RpsD    ribosomal protein S4

RplD     ribosomal proteinL4

RpsG    ribosomal protein S7
RplM    ribosomal proteinL13
RplO     ribosomal protein L15
RpsM   ribosomal protein S13
RplR     ribosomal protein L18
RpsK    ribosomal protein S11

B C

RpsS    ribosomal protein S19
RpsJ     ribosomal protein S10
RpsT    ribosomal protein S20

YsxC

YlqF



RplA  ribosomal protein L1

?

RplE  ribosomal protein L6 RpsC  ribosomal protein S3

41

PnpA  polynucleotide phosphorylase

RpsD  ribosomal protein S4

RpsG  ribosomal protein S7

RplM   ribosomal protein L13
RpsH   ribosomal protein S8
RpsK  ribosomal protein S11

D E

Era
Obg

RpsC ribosomal protein S3

RpsE  ribosomal protein S5

F G

YqeH YphC
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II-2-2. Era/Obg  
々 よ YsxC YlqF

( .8) Era, Obg, YphC YqeH
Era 30S 16S rRNA

(Meier et al, 1999; Sayed et al, 1999; Hang & Zhao, 
2003; Sharma et al, 2005) Obg 50S

(Scott et al, 2000; Lin et al, 2003; Wout 
et al, 2004) Era/Obg

GTP ㈻

㈻

2.5MDa 々 GTP
㈻ 50kDa ㈻

168 LB 37ºC OD600 0.6
Ⅴ (8000psi)

70S 50S 30S
GTP

㈻ GTP ㈻ YsxC
70S YlqF Obg 50S

( .11) YlqF Obg
GTP よ GTPγS 50S

GDP
( .11) GTP YlqF GTP Obg 50S

YsxC 70S
(GTPγS GDP)

YsxC GTP GDP 70S
々 よ

ぜ Obg 50S
30S Era ふ

YqeH YphC ( .11)  
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II-2-3. GTP ㈻ GTP よ

 
ゼ EF-Tu EF-G GTP
よ (Rodnina et al, 2000)

Era/Obg YjeQ (YloQ )
30S GTP よ

(Daiagle and Brown, 2004; Himeno et al, 2004) よ

6 GTP ㈻ よ

よ GTP ㈻ II-2-1.
( .9) Nanamiya

 (Nanamiya et al, 2004)
L11 ㈻ ㈻ SigA  

 

.11 GTP ㈻ よ  
70S 50S 30S

GTP ㈻
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㈻ SecY ㈻

( .12) GTP ㈻

GTP よ YlqF GTP よ

( .13)
YlqF 50S ぜ YlqF

GTP よ 50S
Era GTP よ

YlqF ( .13) YphC YqeH GTP
よ

ふ ( .13) Obg YsxC GTP よ YlqF

( .13)  
 
 
 
 
 

.12  
L11 ㈻

よ ㈻ SigA ㈻ SecY
㈻  
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II-2-4. Era/Obg  

Era Obg
70S 50S 30S

ふ (Inoue et al, 2003; Lin et al, 2004)
よ 6 GTP ㈻(Era Obg )

ふ よ

GTP ㈻ IPTG
(Morimoto et al, 2002) 100µM IPTG

LB (Morimoto et al, 2002)  
 100µM IPTG LB

IPTG LB IPTG LB
1 3 ( .14A-19A)

(8000psi)
ふ 6

70S 50S 30S ふ

.13 GTP ㈻ GTP よ  
0.7µM GTP ㈻ 0.1µM ( ) 0.7µM 

GTP ㈻( ) 0.1µM ( GTP
よ A, B, C, D, E, F YlqF, Obg, Era, YphC, YsxC, YqeH

GTP よ  
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( .14-19) ParC
ふ オ

Era, Obg, YsxC, YlqF, YphC YqeH
㈻

GTP ㈻

Obg, YlqF, YphC, YsxC 50S
ふ ( .15-18)

㈻ 50S
Era ふ

( .14) YqeH ふ

( .19)  
6 GTP ㈻

よ ぜ

GTP ㈻ 々

6 GTP
㈻ 々

GTP ㈻ GTP
㈻ GTP

㈻ 5 GTP ㈻

IPTG GTP ㈻

(6 ; TMO101, TMO102, TMO104, TMO309, 
TMO208, TMO303) GTP ㈻

(6  ; pNOE, pNOO, pNOS, pNOL, pNOP, pNOQ) ㈻㌹

㈻㌹ IPTG
( .20) GTP

㈻  
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.14 Era

TMO101 IPTG IPTG
Era

㈻ A B-E
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30S
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.15 Obg

TMO102 IPTG IPTG
Obg

㈻ A
B-E B-E A



70S

50S
30S

70S

50S

30S

70S
50S

30S

70S 50S

30S

A

B

C

D

E

+ IPTG
 100µM

- IPTG

0.01

0.1
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Time (min)
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E
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0.1
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B

C
D

E

+ IPTG
 100µM

- IPTG

30S
50S

70S

30S

50S
70S

30S

50S
70S

50S

70S 30S

A

B

C

D

E

.16 YlqF

TMO208 IPTG IPTG
YlqF

㈻ A
B-E B-E A

.17 YphC

TMO303 IPTG IPTG
YphC

㈻ A
B-E B-E A
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0.01

0.1

1

0 100 200
Time (min)

O
.D

. 6
00

 n
m

+ IPTG
100µM - IPTG

B
E

D

C

30S
50S

70S

30S

50S
70S

30S

50S
70S

50S

70S 30S

A

B

C

D

E

0.01

0.1

1

0 100 200 300

O
.D

. 6
00

 n
m

Time (min)

B

C

D
E

+ IPTG
100µM
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30S
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50S
30S

70S 50S

30S

A

B

C

D

E

.18 YsxC

TMO104 IPTG IPTG
YsxC

㈻ A
B-E B-E A

.19 YqeH

TMO309 IPTG IPTG
YqeH

㈻ A
B-E B-E A
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Pspac-ysxC
pNO41

Pspac-ysxC
pNO41-ysxC

Pspac-ysxC
pNO41-ylqF

Pspac-ysxC
pNO41-yphC

Pspac-ysxC
pNO41-yqeH

Pspac-ysxC
pNO41-obg

Pspac-ysxC
pNO41-era

Pspac-ylqF
pNO41

Pspac-ylqF
pNO41-ysxC

Pspac-ylqF
pNO41-ylqF

Pspac-ylqF
pNO41-yphC

Pspac-ylqF
pNO41-yqeH

Pspac-ylqF
pNO41-obg

Pspac-ylqF
pNO41-era

Pspac-yphC
pNO41

Pspac-yphC
pNO41-ysxC

Pspac-yphC
pNO41-ylqF

Pspac-yphC
pNO41-yphC

Pspac-yphC
pNO41-yqeH

Pspac-yphC
pNO41-obg

Pspac-yphC
pNO41-era

+IPTG -IPTG
Pspac-yqeH
pNO41

Pspac-yqeH
pNO41-ysxC

Pspac-yqeH
pNO41-ylqF

Pspac-yqeH
pNO41-yphC

Pspac-yqeH
pNO41-yqeH

Pspac-yqeH
pNO41-obg

Pspac-yqeH
pNO41-era

Pspac-obg
pNO41

Pspac-obg
pNO41-ysxC

Pspac-obg
pNO41-ylqF

Pspac-obg
pNO41-yphC

Pspac-obg
pNO41-yqeH

Pspac-obg
pNO41-obg

Pspac-obg
pNO41-era

Pspac-era
pNO41

Pspac-era
pNO41-ysxC

Pspac-era
pNO41-ylqF

Pspac-era
pNO41-yphC

Pspac-era
pNO41-yqeH

Pspac-era
pNO41-obg

Pspac-era
pNO41-era

+IPTG -IPTG

50

.20 GTP ㈻ GTP ㈻
A, B, C, D, E, F ysxC, ylqF, yphC, yqeH, obg, era IPTG GTP ㈻

IPTG ふ pNO41

A

B

C

D

E

F
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II-3.  
 

6 GTP ㈻(Era, 
Obg, YphC, YsxC, YlqF, YqeH) よ 々 よ

Obg 50S
YlqF 50S YsxC 70S ぜ

YlqF 50S GTP よ (GTPγS)
ぜ ( .10, 11) YlqF GTP よ

( .13)
GTP ㈻

ふ GTP ㈻ 70S
30S 50S ふ Obg, YphC, YsxC, 

YlqF ⇅ 50S
50S ふ ( .14-19) Era/Obg

6 GTP ㈻(Era, Obg, YphC, YsxC, 
YlqF, YqeH) 々

GTP ㈻

GTP ㈻

( .20) GTP ㈻ GTP
㈻ 6 GTP
㈻(Era, Obg, YphC, YsxC, YlqF, YqeH)

 
ぜ GTP ㈻

 
 

II-3-1. YlqF  
YlqF ┷ YlqF よ

2 GTP YlqF 50S
( .11) YlqF GTP よ

( .13) GTP
YlqF 50S
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よ GDP 50S よ

EF-Tu EF-G GTP
よ (Rodnina et al, 2000) YlqF

YlqF よ YlqF 50S
70S 30S

1 YlqF 1000
(Morimoto et al, 2002) 20000

EF-Tu EF-G (Eymann et 
al, 2004) YlqF ㈻

YlqF ㈻ さ YlqF
70S 50S

30S YlqF
70S 50S 30S

( .16) 50S ふ 50S
ふ ( .16)

YlqF 50S
YlqF

 
YlqF Nug1(YER006w) Nog2(YNR053c)

㈻ 60S
(Saveanu et al, 2001; Babler et al, 2001) Nog2

⇅ rRNA ふ (Saveanu et al, 2001) Nog2 Nug1
37ºC ⇅ rRNA ふ

(Babler et al, 2001) Nug1 Nog2 60S
さ

YlqF  
 

II-3-2. Era  
Era 16S rRNA
よ 30S 16S rRNA
ッ (Meier et al, 1999; Sayed et al, 1999; Johnston et al, 
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1999; Sharma et al, 2005) Era 30S
ッ

よ Era 30S
( .11) Era GTP よ

2
( .13)  

Sharma Era-30S 々
よ Era 30S S1 ㈻

Era S1 ㈻ 30S
(Sharma et al, 2005)

Era 30S ふ

30S S1 ㈻

30S S1 ㈻

(Nierhaus, 1991) 30S
S1 ㈻(YpfD) (Nanamiya et al, 

2004) よ Era 30S S1
㈻ 30S
Era 30S ふ

S1 ㈻ 30S mRNA
㈻ (Sengupta et al, 2001; 

Sorensen et al, 1998) S1 ㈻(YpfD)

S1 ㈻

mRNA
々 よ

よ Era 30S
30S Era ( S1 ㈻

) S1 ㈻ し

Era 30S
S1 ㈻ mRNA

S1 ㈻ Era よ
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Era 70S 30S 50S
ふ ( .13)

(Inoue et al, 2003) Obg, YlqF, YphC, YsxC
50S ふ

( .14-17) Era
ふ ( .13) Era 50S
さ Era

30S ふ

( .13) Era 30S ⇅

Era 30S mRNA
Sharma

(Sharma et al, 2005)  
 

II-3-3. Obg, YphC, YsxC, YqeH  
よ Obg

YsxC 50S 70S
YphC YqeH ( .9)
Obg YsxC YphC YqeH  70S

30S 50S ふ ( .14, 
16-18) ㈻

㈻

 
㈻ ㈻

さ

Obg, YphC, YsxC 50S
ふ 50S

㈻

㈻ 50S
さ ( .14, 16, 17) 

YsxC 50S 30S ふ
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30S ( .17)
YqeH 70S 30S 50S

ふ 50S 30S ふ

( .18) YqeH Era 30S
㈻

YqeH
50S 30S

⇅ 々

㈻ 々

YqeH ㈻

レ よ さ  
YphC YqeH ふ

Era S1 ㈻ 30S 30S
(Sharma et al, 2005) 50S

RNA SrmB CsdA ⇅ 50S
⇅ 50S

(Charollais et al, 2003; Charollais et al, 2004)
YphC YqeH
し ⇅ 30S 50S

 
 

II-3-4. 2  
2 Era Obg よ

4 GTP ㈻(YlqF, YphC, YsxC, YqeH)
ぜ

4 ┞ YlqF
YsxC YqeH YphC ┞

70S ┞ YsxC GTPγS
GDP ┞ GTP よ
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ぜ

┞ YsxC ふ ┞

さ

YlqF GTPγS 50S
GTP よ

YlqF 50S
さ 3

YlqF 50S ┘ よ  
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III. YlqF  
 

 
rRNA ㈻

モ

さ

┷ 100
ぜ  

2 6 GTP ㈻(Era, Obg, YphC, YsxC, YlqF, YqeH)
よ ㈻

YlqF GTPγS 50S
GTP よ

YlqF 70S
50S 30S 50S
ふ YlqF 50S

さ 3 YlqF
50S ┞ レ よ 50S

YlqF  
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III-1.  
 

III-1-1.  
3 2

2  
 

III-1-2.  
2 in vitro YlqF Ctc ┞ よ

3
2 2

Kaido (Kaido 
) GST-YlqF His6-Ctc Gate-way 

technology YlqF Ctc PCR ┘

∞ BP Clonase Enzyme mix (Invitrogen) pDONOR201
pDONORLQ pDONORCTC pDONORLQ

pDONORCTC ┘ ∞ LR Clonase Enzyme mix (Invitrogen)
pDEST15(Invitrogen) pDEST17(Invitrogen)

pDEST15L pDEST17C GST
pGEX2T (Novagen)  

 

III-1-3. 50S 30S  
2 Buffer C 10-40%

90000 g 14
254nm 30S 50S
30S 50S 100% 1M

20mM -20ºC 1
10000 g 30 Buffer 

A 30S 50S -80ºC
4ºC DEPC

RNase  
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III-1-4. in vitro 50S YlqF よ  
10 160 pmol YlqF 30ºC 100µM GTPγS Buffer A (40µl) 10

8 pmol 50S 30
ºC 30 Microcon100 (Millipore)
3000 g 5 100µM GTPγS Buffer A 2

50S-YlqF 々 YlqF 50S
YlqF L3 ㈻  (

) 
YlqF 50S ㈻

YlqF
L3 ㈻ NIH image

YlqF 50S
DEPC RNase  

 

III-1-5. YlqF GTP よ  
GTP よ YlqF 50S ㈻

2
DEPC RNase  

 

III-1-5-a. 50S YlqF GTP よ  
Buffer A 1µM YlqF 0.025µM 50S 20µM GTP 12pmol 

(0.27x106Bq) [γ-32P]GTP (2.22x1014Bq/mmol ; Perkin Elmer) 37ºC 30
0 3

6% Buffer A 100µl  
よ GTP

50µl 32P
 (BECKMAN) 50S

YlqF GTP よ Buffer A 
0.01~1µM 50S 1µM YlqF 20µM GTP 12pmol (0.27x106Bq) 
[γ-32P]GTP (2.22x1014Bq/mmol ; Perkin Elmer) 37ºC 10
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III-1-5-b. ㈻ 50S YlqF GTP よ

 
Buffer A 1µM YlqF 0.025µM 50S 10µM ㈻

(Lincomylin, Tylosin, Chlorampheniicol, Erythromycin, Thiostrepton) 20µM GTP
12pmol (0.27x106Bq) [γ-32P]GTP (2.22x1014Bq/mmol ; Perkin Elmer) 37ºC

30 0 5
6% Buffer A 100µl  

よ GTP
50µl 32P

 (BECKMAN)  
 

III-1-6. DMS  
DMS Uchiumi Pettie

( Uchiumi et al, 1999; Peattie et al, 1979)  
 

III-1-6-a. DMS  
8pmol 50S 25µl Buffer A 40ºC 10

( A) 80pmol YlqF 100µM GTPγS 50µl
Buffer A 37ºC 10 ( B)

30ºC 10 1µl DMS(100%
1/4 ) 30ºC 15 rRNA

DMS 2 100%
50S 15000 g

20 ㈻

PCI (phenol / chroloform / isoamyl alcol ; 25:24:1) 2
rRNA Buffer A DMS

DEPC RNase
 

 

III-1-6-b.  
㌹ .7 5’



 61 

❻ [γ-32P]ATP (Amersham Pharmacia) T4 polynucleotide kinase (TAKARA Bio 
Inc)  (0.2pmol) DMS
rRNA(0.5pmol) 20µl Hybridization Buffer (20mM Tris-HCl, pH 8.3, 30mM NaCl)

90ºC 3 45 42ºC
AMV reverse transcriptase 

XL (TAKARA Bio Inc) 42ºC 60 ㌹

㌹ DNA .8
cDNA  (8% polyacrylamide, 8M urea, 89mM Tris-borate, pH8.3, 
24mM EDTA) ⇩ Imageing Plate (Fuji Film) 16

BAS2500 (Fuji Film)  
 

 

III-1-7. 2  
2  

Saccharomyces cerevisiae 
PJ69-4A  MATa, trp-1901, leu2-3, 112ura3-52, his-200, gal4D, gal80D, 

Lys2::GAL1-His3, GAL2-ADE2, met2::GAL7-lacZ 
PJ69-4α MATα, trp-1901, leu2-3, 112ura3-52, his-200, gal4D, gal80D, 

Lys2::GAL1-His3, GAL2-ADE2, met2::GAL7-lacZ 
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III-1-7-a.  
 オ YPDA  (20g/L Difco peptone, 10g/L 
Yeast extract, 50ml/L 40% Glucose(W/V), 20mg/L L-adenine) SD  
(6.7g/L Yeast nitrogen base without amino acids, 100ml/L 10 x DO(drop out) solution, 

50ml/L 40% Glucose (W/V) ) 30ºC SD
10 x DO(drop out) solution (300mg/L L-Isoleusine, 1500mg/L L-Valine, 200mg/L 
L-Adenine hemisulfate salt, 200mg/L L-Arginine HCl, 200mg/L L-Histidine HCl 
monohydrate, 1000mg/L L-Leusine, 300mg/L L-Lysine HCl, 200mg/L L-Methionine, 
500mg/L L-Phenylalanine, 2000mg/L L-Threonine, 200mg/L L-Tryptophan, 300mg/L 

L-Tyrosine, 200mg/L L-Uracil) さ L-Leusine, L-Tryptophan, 
L-Histidin HCl monohydrate, L-Adenine hemisulfate salt  
 

III-1-7-b. ㈻㌹  
 ㈻㌹ CLONTECH Yeast protocols handbook
pGAD424-gene PJ69-4α pGBT9-gene PJ69-4A

 
PJ69-4α PJ69-4A YPDA 1

10ml YPDA OD600 0.3 30ºC
3

1ml TE/LiAC
200µg Carrier DNA(CLONECH) vortex 100µl

1.5ml 200ng vortex
PEG/LiAc 600µl vortex 30ºC 30
70µl DMSO 42ºC 15

1~2 ㈻㌹ SD
pGAD424-gene PJ69-4α pGBT9-gene

PJ69-4A SD(-Leu) SD(-Trp)
 

 

III-1-7-c.  
CLONTECH Yeast protocols handbook  

pGAD424-gene PJ69-4α pGBT9-gene PJ69-4A
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YPDA 1 8
SD(-Trp, -Leu) ㈻㌹

㈻㌹ ┞ よ  
 

III-1-8. in vitro YlqF Ctc(L25 ㈻) ┞ よ  
His6-Ctc 2 オ GTP ㈻

 
 
III-1-8-a.  GST-YlqF GST  

GST-YlqF GST PET SYSTEM Grutathione-  (Novagen)
BL21(DE3)pLysS pDEST15L pGEX2T

30ºC 50 µg/ml LB 500 ml
OD600 0.6 Ⅴ 1 m IPTG 3

PBS Buffer (4.3mM Na2HPO4, 1.4mM KH2PO4, 137mM 
NaCl, 27mM KCl, pH7.3) 10 ml PBS Buffer

4 Υ 39000 g 30
Grutathione-agarose (Novagen) 

GST-YlqF GST モ GST-YlqF GST
10 ml PBS Buffer GST elution buffer (50mM Tris-HCl, pH8.0, 

10mM grutathione) GST-YlqF GST GST-YlqF
GST 10 -80ºC モ

㈻ Protein Assay Reagent (Bio Rad)  
 

III-1-8-b. Grutathione- Pull-down assay 
PBS Buffer (4.3mM Na2HPO4, 1.4mM KH2PO4, 137mM NaCl, 27mM KCl, pH7.3)

GST-YlqF His6-Ctc ( I), GST His6-Ctc( II) His6-Ctc(
III) 30ºC 15

Gultathione-  (Novagen) GST-YlqF GST
10 ml PBS Buffer GST elution 

buffer (50mM Tris-HCl, pH8.0, 10mM grutathione) GST-YlqF
GST ㈻ SDS-PAGE
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III-2.  
 

III-2-1. in vitro YlqF よ  
2 よ YlqF GTPγS

50S in vitro
YlqF 50S

モ  
よ 50S 2

Buffer C
70S 50S

30S よ

50S 30S
50S 30S

SDS-PAGE .21B  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.21 50S 30S  
50S 30S

30S 50S 254nm
50S 30S A

254nm B 30S 50S
SDS-PAGE  



 65 

in vitro YlqF GTPγS 50S
GTPγS-YlqF 50S-YlqF 々

Microcon100 (Millipore) 50S-YlqF々
YlqF 50S YlqF L3 ㈻

YlqF 50S
YlqF L3 ㈻ NIH image

50S YlqF
 ( .22A) YlqF

Microcon100 ( .22B, Lane1) T7 RNA polymerase
23S rRNA YlqF Microcon100 ( .22B, 

Lane2) YlqF in vitro
YlqF 50S

YlqF 50S 2
( .22C) 1 50S 2 YlqF

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.22 YlqF 1 50S 2  
YlqF 50S in vitro YlqF 50S

よ YlqF(0.25, 0.5, 0.75, 1, 2, 3, 4µM) 0.2µM 50S
30ºC 10 Microcon 100 50S-YlqF々  

50S YlqF 50S YlqF L3
㈻ A B Lane 1 

2µM YlqF Microcon 100 YlqF
Lane 2  T7 RNA polymerase 0.2µM 23S rRNA 2µM YlqF 30ºC 10

Microcon 100 YlqF
C A NIH image YlqF 50S  
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III-2-2. 50S YlqF GTP よ  
2 YlqF GTP よ

よ YlqF 50S
YlqF GTP

よ 50S  
YlqF GTP よ 50S

50S GTP よ

( .23A) 50S
50S 30S

RNase 50S
YlqF GTP よ 50S
YlqF GTP よ 30S

50S RNase GTP よ ぜ

( .23B) YlqF GTP よ

50S  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.23 50S YlqF GTP よ  
A 1µM YlqF (0, 0.01, 0.025, 0.1, 0.25, 0.5, 1µM) 50S

37ºC 10 よ

GTP  
B 1µM YlqF ( ) 0.025µM 50S( ) 0.025µM 

30S( ) 0.025µM RNase 50S ( ) 37ºC 30
3 よ GTP  
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ゼ EF-Tu EF-G 50S GTPase
sarcin/ricin loop ┞ GTP よ

(Wimberly et al, 1999; Correll et al, 1999) YlqF 50S
GTP よ EF-Tu EF-G

GTPase sarcin/ricin loop ┞

EF-Tu EF-G GTP
よ Thiostrepton ( ㈻) α-sarcin ( ㈻)

 Thiostrepton GTPase
(Wimberly et al, 1999) α-sarcin sarcin/ricin loop (Correll et al, 
1999) EF-Tu EF-G GTP よ

Era/Obg YjeQ
GTP よ 30S

A-site ㎰ aminoglycoside ㈻ 
(neomycin, paromomycin, gentamycin, kanamycin ) spreptomycin tetracyclin

(Himeno et al, 2004; Denis et al, 2004)
YlqF 50S GTP よ ㈻

α-sarcin ㈻

α-sarcin GTP よ .24
ぜ 50S YlqF GTP
よ YlqF EF-Tu EF-G

 
 
 
 
 
 
 
 
 
 
 
 

.24 ㈻ α-sarcin
50S YlqF
GTP よ

 

1µM YlqF 0.025µM 50S

( ) 10µM ㈻
[lincomycin ( ), tylosin( ), 
chloramphenicol ( ), 
erythromycin ( ), 
thiostrepton( )] 25µM
α-sarcin ( ) 37ºC

10 5
よ GTP
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III-2-3. DMS YlqF
 

50S YlqF GTP よ Thiostrepton 
α-sarcin ㈻ ゼ GTP

㈻ YlqF
DMS

DMS DMS RNA
RNA ㈻ RNA

㈻ DMS
㌹

㈻  
GTPγS YlqF 50S 30ºC 10

DMS 30ºC 15 RNA
rRNA ㌹

㌹

DNA 23S rRNA 15
( .7)  

YlqF DMS 23S 
rRNA Helix 38 C928 C942 Helix 81 A2301 Helix85

A2354 ( .25) 23S rRNA 2
( .30) Deinococcus radiodurans 50S

 (PDB code 1NKW, Harms et al, 2001)
( .29) Helix 38 A

tRNA elbow ┞ Helix81
Helix85 P tRNA elbow ┞ ㈻ L5

YlqF A P 23S 
rRNA (Yusupova et al, 2001; Harms et al, 2001)  
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III-2-4. YlqF ㈻ ┞ よ  
DMS RNA

㈻ ┞ 2  
㌹ Gal4

2 pGBT9 pGAD424
㌹ Gal4 DNA ㌹

┘

㈻ DNA
㈻ Bait ㌹ ㈻ Prey
┞ Gal4 ㌹

Gal4

.25 DMS 50S YlqF  
A. 50S YlqF (Lane 1) (Lane 2) DMS

rRNA ㌹
YlqF ふ 2

rrnB-R5(975-1000 in B.subtilis 23S rRNA)
rrnB-R12(2375-2400 in B.subtilis 23S rRNA) Lane U, A, C, 

G  
B,C,D Helix 38, 81, 85 2 YlqF DMS
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┘ ㈻ ┞

HIS3 SD ┞

┞

3-amino-1,2,4-triazole (3AT) 5mM
SD  
ylqF Bait (pGBT-ylqF) A

(PJ69-4A ) 50S
㈻ (35 ; L-protein) Prey (pGADT7- 
L-protein) α (PJ69-4α) ylqF Bait 

(pGBT-ylqF) A L-protein Prey
(pGAD424- L-protein) α

Bait Prey
SD ふ 35 (YlqF

L-protein) ┞ YlqF Ctc(
㈻ L25) ┞ ぜ ( .26) L-protein ┞

( オ )  
YlqF L25 ㈻ ┞ in vitro よ

PET SYSTEM N ❻ GST
YlqF N ❻ His6 Ctc(L25 ㈻)

Glutathione- Ni- ( .27)  
 
 
 
 
 
 
 
 
 
 
 

.26 YlqF ㈻L25 ┞  
ylqF ctc pGBT9 pGAD424 ㎲ pGBT9 pGAD424

pGBT7-ylqF A (PJ69-4A ) pGAD424-ctc
α (PJ69-4α) 2

2 SD (-Trp, -Leu, -His, +5mM 3AT)  



 71 

㈻(GST-YlqF His6-Ctc) PBS Buffer (4.3mM Na2HPO4, 
1.4mM KH2PO4, 137mM NaCl, 27mM KCl, pH7.3) 30ºC 15

GST-YlqF Gultathione-
His6-Ctc

GST His6-Ctc His6-Ctc
Gulutathione- GST His6-Ctc

His6-Ctc His6-Ctc
GST-YlqF His6-Ctc GST-YlqF

( .27) in vitro YlqF Ctc(L25
㈻) ┞  

D.radiodurans ㈻ L25 5S rRNA DMS
YlqF 23S rRNA Helix 38
(Yusupova et al, 2001; Lu et al, 2000) DMS

YlqF 50S A
P  
 
 

.27 in vitro YlqF Ctc(L25
㈻) ┞ よ  

 
GST-YlqF His6-Ctc GST

His6-Ctc His6-Ctc PBS Buffer
30 ºC 15

GST-YlqF
Gultathione-

㈻

SDS-PAGE

GST-YlqF His6-Ctc GST  
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III-2-5. YlqF  
2 YlqF 70S 50S

30S ふ 50S
50S YlqF 50S

50S
YlqF よ YlqF

⇅ 50S ㈻  
2 TMO208 IPTG ylqF

YlqF ㌹

YlqF
TMO208 よ 100µM 

IPTG LB 5µM IPTG
1/2 ( .28A) 5µM  IPTG

70S 50S 30S ふ

⇅ 50S ふ ( .28B)
⇅ 50S 50S

㈻ ⇅ 50S ㈻

SDS-PAGE YlqF 50S
2 ふ

( .28C) ㈻ ゝ

㈻ L16 L27
㈻ L16 L27 .29 YlqF

㈻ late assembly protein
( .5; Nierhaus, 1976) YlqF 50S

さ  
 
 
 
 
 
 
 
 



D

0.01

0.1

1

0 50 100 150 200 250 300
Time (min)

O
.D

. 6
00

 n
m

A B

W
ild

 t
yp

e

IP
T

G
 in

du
ci

bl
e 

m
ut

an
t 

210kDa
140kDa

95kDa

68kDa

54kDa

43kDa

36kDa

28kDa

19.5kDa

16.2kDa

10.5kDa

1 2 3

50S 30S

C

4

Top Bottom

30S

50S

70S

73

.28 YlqF
IPTG YlqF 37ºC LB

5µM IPTG LB

A. ( (◇)
B. YlqF YlqF
C. (----) (
D. 50S(Lane 1) 30S (Lane 3) ⇅ 50S(Lane 2) 30S

(Lane 4) SDS-PAGE ㈻
 ㈻ ゝ ㈻L16

L27



Helix81
Helix38

Helix 85

925-943

L25

L16

L27

2301 2354

Central Protuberance

L1 stalk
L7/L12

stalk

.29 Deinococcus radiodurans 50S YlqF ㈻L16
L27

DMS 2 YlqF Deinococcus radiodurans
50S (PDB code 1NKW) YlqF 50S

㎲ ㈻L16 L27
CN3D (http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3d.shtml) 23S rRNA

Helix 81 Helix 85 2301 2354 (D.radiodurans 2253,2306)
Helix 38 928 942 (D.radiodurans 895, 909) D.radiodurans 50S

925-943

74



75

.30 23S rRNA 2
23S rRNA 2 YlqF Helix 38, 81, 85

Helix 38

Helix 81 Helix 85
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III-3.  
 

3 YlqF 50S ┞ レ よ 50S
YlqF  

In vitro YlqF 50S よ 2 YlqF 1
50S YlqF

GTP よ 50S
DMS 2 YlqF 50S

A P ㎰ ぜ

YlqF 70S ⇅ 50S
ふ ⇅ 50S

㈻ L16 L27 ぜ ㈻

L16 L27 late assembly protein DMS
2 YlqF

2 YlqF 50S
 

 

III-3-1.  YlqF GTP よ  
GTP ㈻ GTP GDP 2

┞ ㌹ GTP ㈻ さ

EF-Tu GTP GDP tRNA
mRNA tRNA ㎲

EF-G
EF-G GTP GDP ┞ ㌹ (Rodnina et al, 2000; 
Zavialov et al, 2003)  

3 YlqF GTP よ 50S
ぜ ( .23) 2 YlqF よ

GTPγS 50S GDP
( .11) GTP YlqF

50S GTP よ GDP
50S よ GTP
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YlqF 50S 々

( オ ) YlqF
⇅ 50S 50S ㈻

L16 L27 ㎲ ふ ( .28) ㈻ L16
L27 Late assembly protein 50S

㎲ ( .6; Nierhaus, 1976)
GTP YlqF ⇅ 50S ⇅

50S GTP よ

GDP 50S よ

Era/Obg Era 30S
30S 50S

(Sharma et al, 2005) YlqF 50S
30S

YlqF GTP よ GDP
50S よ 50S 30S

 
YlqF GTP よ 50S

⇅

 
 

III-3-2. 50S YlqF  
3 YlqF 23S rRNA Helix 38, 81, 85 L25 ㈻

 ( .25, 26, 27) YlqF 50S
L16 L27 ㈻ ㎲ ぜ ( .28)

YlqF  (Helix 38, 81, 85 L25) L16 L27
㈻  
L16 L27 ㈻ ㈻

L16 ㈻ YlqF Helix 38 ┞ L27 ㈻

Helix81, 85 ( .29; Harms et al, 2001; Nishimura et al, 2004; 
Wilson et al, 2005) ㈻ ⇅ 50S

(Walleczek 
et al, 1989) L16 ㈻ 50S



 78 

(Moore et al, 1975; Hampl et al, 1981) tRNA
よ (Tate et al, 1983) 30S (Kazemie, 1975)

tRNA (kazemie, 1976)
L16 ㈻ ㎲ 50S

(Teraoka & Nierhaus, 1978) L27
㈻ L16, L20, L21, L27 ㈻

⇅ 50S 70S
(Wower et al, 1998)

.29 YlqF L16 L27 ㈻

㎲ YlqF L16 L27
㈻ 50S ㎲ YlqF 50S

L16 L27 ㈻ ㎲

L16 L27 ㈻ ㎲ YlqF
㈻ L16 L27 ㈻ 50S

2
よ YlqF L16 L27 ㈻ ┞

( オ )
YlqF 50S L16 L27 ㈻

㎲  
Era 30S S1 ㈻

30S
よ (Sharma et al, 2005)

30S 50S
in vitro よ Era 30S

50S ッ (Sharma et al, 
2005) Era 30S ⇅ 30S 50S

Era 70S 50S 30S
ふ 30S 50S
Era □┢ Era 30S

Sharma  
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Era 30S ㈻

㎲ (Sharma et al, 2005) YlqF
50S L16 L27 ㈻ ㎲

Era 50S L16
L27 ㈻ ㎲  

50S YlqF
.31 GTP YlqF 50S

A P ㎰ 50S
L16 L27 ㈻ ㎲ L16 L27

㈻ ㎲ 50S ⇅

YlqF GTP よ YlqF GTP GDP
GDP YlqF 50S よ 50S

30S ㈻  
 
 

.31 50S YlqF  
50S YlqF GTP YlqF
⇅ 50S 30S L16
L27 ㈻ ㎲ L16 L27 ㈻ ㎲ 50S

⇅ YlqF GTP よ YlqF GTP GDP
GDP YlqF 50S よ 50S

30S ㈻  
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III-3-3.  L25 ㈻  

L25 ㈻(Ctc) L25 ㈻

.32 L25 ㈻

N ❻ C ❻ 2
L25 ㈻ N ❻ ┞

L25 ㈻ L25 ㈻

rplY  (Karlin et al, 2001)
L25 ㈻

σB

(Benson & Haldenwang, 1993) L25
㈻

㎲ (Schmalisch et al, 2001)
YlqF

L25 ㈻ ┞  YlqF

L25 ㈻ 50S ㎲

YlqF L25 ㈻ よ さ  

E.coli MFTINAEVRKEQGKGASRRLRAANKFPAIIYGGKEAPLAIELDHDKVMNMQAKAEFYSEV

B.subtilis MATLTAKERTDFTRSSLRNIRTSGHVPGIIYGKDTGNKPVSLDSVELIKT-LRDEGKNAV

* *:.*: *.:  :.: *.:*::.:.*.**** . .  .:.**  ::::   : *  . *

E.coli  LTIVVDGKEIKVKAQDVQRHPYKPKLQHIDFVRA--------------------------

B.subtilis ITLEVSGEKHSVMVTDLQTDPLKNEITHADFQVVNMSEDIEVEVPIHLTGEAIGVKNGGV

:*: *.*:: .* . *:* .* * :: * **  .

E.coli   ------------------------------------------------------------

B.subtilis LQQPLYALTVKAKPKAIPQTIEADISSLDVNEVLTIADLPAGGDYSFNHESDEVVASILP

E.coli -------------------------

B.subtilis PQQQEAAEVDEEESADAQPEGENEQ

.32 L25 ㈻ L25 ㈻  
BSORF(http://bacillus.genome.jp/) L25 ㈻

Pec(http://www.shigen.nig.ac.jp/ecoli/pec/index.jsp) L25 ㈻

ClustalW(http://align.genome.jp/)  
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YlqF ┷

L25
㈻ さ  
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10 Era/Obg ㈻

7 ㈻

㈻

㈻

よ さ

Era/Obg GTP ㈻

┷

㈻

Era/Obg
6 GTP ㈻

よ ㈻ よ モ  
6 GTP ㈻(Era, Obg, YphC, YsxC, YlqF, YqeH)

ふ GTP
㈻ 70S 50S 30S
ふ Era/Obg GTP ㈻

ぜ GTP
㈻ Obg

50S YlqF 50S YsxC 70S
ぜ YlqF GTP よ

(GTPγS) 50S ⇅ 50S
GTP よ ぜ DMS

2 YlqF 50S
A P ㎰

YlqF 70S
⇅ 50S ⇅ 50S

㈻ L16 L27 ぜ

㈻ L16 L27 late assembly protein DMS
YlqF

50S YlqF
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㈻ L16 L27 ㎲ 50S
⇅  

YlqF Era/Obg よ

Era/Obg よ
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