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Hol A WFd A HA%A A 2E ALY, o] A2H o)A SecMoll A Fr2ll T A A efo] =F E 33}
t CAT 93 & 293} CAT-SecM AAA 7} Eef2o| Zo A #4 § SSUrRNAE E§3 A2 o] B
of AT f5A). o) e A 2Y gho] B2 A A eto] EF FAF F CAT-SecM mRNA Aol A dA| A
Haw), A2 eho]rfre] WAL o HANY 4& F2ATFE AL AN o A= AT A2
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AE Yol A Azo] MAE T = FElo] = (nascent peptide)
U 43 Asd Heloloe thfde) BB #ddshks &
AEY E3E vl MEurS FH3te M o o]FE
€}, Escherichia coli®] 7%, oW} B3l= QAEE SecYEG
B34, SecA, SecB, SecM Tl AUTH20). L FNMT SecAT
T o] B A e oURE AFshs 7HE Al
ol I&L 3ITH?25). secM (secretion monitoryS secA% T T
U3t 972 (operon) MM secad] Aol AASTE SecMe
TR HAuelo| =(sticky peptide)etil EElE EAT ofr]
A A B FPXXXXWIXXXXGIRAGP' ) 7}R|5L 9lom, of
HEPO| = SeeM TR Y] AR F golig oA A
3 Je Helol=9] 278 exit tunnel)?] WHo} A5 A&
sto] Sl o] IS AR S SN EHN, S
o A SecAS] FHS ZEITH24). THA A FAHY
o] dojuyd wlolH< Yo AAlEl(Asite)NAE secM-secA
mRNAS] o] goular, tmRNA (transfer-messenger RNA)7}
H9E mRNAS) 3 2l 235}, mRNAS] WAE 9714
EE FHOE Jo} A 5L ARAA dilE P
g} AlZITh(12, 13, 33). A4 AIE oA doju= SecM)
33 Aetol=o) o3 vl JAe] GAF HA) e ME
o Ao At RS B7] 98] SecAE FE3] HHA)
7] A% YA Ao, metA SeeM2 315F Y(open
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reading frame, ORF)S] &0l A ghoj 9] dl=g x| 2hg-2)
Aol w2} Seca?] Ed Yol AP} 3, SecMellA] S
A% Helolee O W] IR AFAAT T
o] YAIH 42 AE-S FEShe AR FEA ATh22).

il g F golBEY dAIFA e F Azl
mRNA 23 71, 2te], Fgo], vhdeis, )
T 59 o] AEAJA EEHY A, o] 0|2 mRNA #
& 7l1zto] BE ARAl EAshke TE5E AHAYLE S
Th5-11, 19, 21, 28, 29, 31, 32). & AFNAE SecMoA] &
3t HAgElo| =8 W she glo|Bg J54R) o] 2
" £¢1ola) SSU (small subunit) rRNA A8 943 FAst
H A2HE AEslaat A8e £33

R

% HiX|

A7l AVSE FFE Escherichia coli DH5e (F-
,080dlacZAM 15, A(lacZYA-argF)U169,deoR, recAl,endAl hsdR17(rk-
Jnk+),phoA, supE44, ¥.thi-1,gyrA96,relA1 7011, LB HjAE A28}
of wheFalslct.
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pl6ST122 (14) Fet2u| =0 AF4iste Felv|= pRSS1222
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AZsigder. EAE pRSS1228] AL og 2o} A,
pKK3535 (oA 7198 rmB QAIES 71T Q1™ lacUVS
=z e o) Ar 28T T3 p16ST122 FepAv] =)
A 71943}k car (chloramphenicol acetyl transferase) -+ AE 7}
A1l glon olzhH|e T2 RE o8] HAF 2AE &4,
Lac HARE B lacl? r7H2)9) ol =2 X2 HEH
RS HESE araC FRAIDE 7L Aok AR, CAT
mRNA2] RBS (ribosome binding sequence)= SFAIES 5°-

P168T-122
7443 tp

pRSS122N-W1
8455 bp
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GGAGGOIA 5’-AUCCCE ¥ ¥o] =031, 16S rRNA 34}
9] MBS (mRNA binding sequence)= °FJE <l 5°-CCUCCA
5-GGGAUZE W9tk WA, PTe7} §ie wiAleiME
pRSSI122S 7HA| T Sl= Rt MEE car mRNAES 3158 5 Q)
= 2T golrge] BAZ 2l E2Fw|LZ(chloramphenicol)
o tigh Aol @domFAWFAREE=50 pg/ml), 0.1 mM
IPTG7} 38 wiAlo| e A2 T glo|Béo] wEHo] & &
9] F2IHISFHLNZIAETE=200 pg/mbel A4S 7}

pRSS122

8455 bp

pRSS122N

8419 tp

Fig. 1. Construction of pRSS122N-W1. Restriction enzyme sites used in constructing pRSS122N-W1 and ribosome stalling sequence derived

from SecM (GIRAGP) are indicated. RBS, ribosome binding site.
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AA Bo}h. TPAH)= pRSSI122E Nod AFEAE Heste
Pup® T2 REE 3= 34 bpe] DNA BHE AAIAF|IL
2 2325 bp DNA T} 6,145 bp DNA @S Ao s
H pRSSI22NS €11, o] Zeav B car F37) F-i0l
PCRE #3831y P& Zo|nd HAE FESHE SecMoA
#8 HEselo) =g opu|mit MEE EFSHE DNA ©HE
BamHIS. 2 AT} & Al pRSSI22N-W1E LA hFig.
. o o AEYYY ZzlojrE  RMCAfL  5-
CTGGCTGATACGTTGGICCT-3’, RMC2-1; 5"-CTTTAGGGCCCCA
GCACGGATGCCACGCGTTCCAGTGATTTTTTTCTCCA-
3’, RMC3; 5’-GGCATCCGTGCTGGCCCTAAAGGTACCCTTTAT-
3’, lagl BamHI; 5’-AGACACCGGCATACTCTGC-3'0t}.

ZE}ArE pRSSI122N-W12] 572 CAT mRNAY 2heRs
o] oA FAL AAF o R PN I)E FE HEo| =8 7Y
= Aruldo] ZA18H, PTG} gle BRI 4 pRSS122N-
WIZ 7HAI Qe AR Ed B v SR UEd A
31d0] lom(FHaAAAEE=10 pg/ml), 0.1 mM IPTG7} £
g HiRIME B2 FEol Ade] ichFaggAAFTE
=50 pg/ml).

Western blot &4

pRSS122N-W1 SAn| =5 714 AEE 342 ampicillin,
0.1 mg/mlyo] L3 wijxo) A 0D, =0.1¢] & Wi7pA] wjgst
%, 0.1 mM9] IPTGE 7I8ld Ax3 Eekan|=RiE 71
&k SSU rRNAZ ZdA)7]E FA9 0.2% oFebH] 2 (arabinose)
g #7151 SeeMoll A fHF H A B =g EPF CAT
(CAT-SecM) mRNAY] §3-& F=sl3th 0Dy, =124 ©1E W,
HiFlg 13,000%g914 3% FH A4l Beldte] MEE R2of
PBS (phosphate buffered saline) buffercll 412 ¥, SDS-PAGE
AE puffer (100 mM Tris-Cl, pH 68, 4% SDS, 02%
bromophenol blue, 30% glycerol, 200 mM B-mercaptoethanol)®
Wy 108 B9 29 ¥, 10% acrylamide AoA AA] @A E
S Byt Eod 9 EES nitocellulose membrane
(Protran®, 0.2 um; Whatman)ol %71 T3, JCAT (Sigma), &
S1 (34) FAE o83t EHstct. TE W= Frigl
%L Versa Doc )14 Al2ElY} Quantity One 2ZE01E ©]

&ated kst

Northern blot &4

AFUle] M) RNAS western blot 1234] ARES FA3E uf
¥l A RNeasy Miniprep Kit (QIAGEN)S o]8-8}] FE314
t}, 20 pge) RNA ME& 22 839 formamide loading buffer
gk HoiA, 70°ColA 108 F2F W21 ThE 8 M urea’t E3F
% 6% polyacrylamide AollA #2)3}4lch. £&]E RNAE 0.5%
TBE bufferS AH-3te 80 VollAl 6417 E2F nylon membrane
(MAGNA, 045 Micron)© 2 %71 %, hybridization buffer [5x
SSC (standard saline citrate), 20 mM Na,HPO,; pH 72, 7% SDS.
1X Denhardt’s, denatured herring sperm DNA, 0.1 ng /ml|E 50°Co]

SecM H&AFelo| =] O3] fEle elolie] BAFE 273

A 273 B2t EAAFTE

Y?P-ATP (Bio-Rad)¢} T4 polynucleotide kinase (NEB)E ©]-8-3}
o e ¥A A7) oligonucleotide CAT+90; 5°-
GCAACTGACTGAAATGCCTC-3% 50°CollA 8AIZE Bt 2%
2171 &, wash solution I (3X SSC, 10X Denhardt’s, 5% SDS,
25 mM Na,HPO,, pH 7.52.2 50°CelIA] 30% &<t F ¥, wash
solution I& 50°ColA 308 B¢ 2t 5 W4 M & CAT
mRNAS B38}4th. Membrane wash solution = 95°Celi 4]
2087 AL T, 57Edo] 4% Ml B35 DNAZ M1 RNAE
A gdsklet. WAbse] K(radioactivity) phosphorimager2}
Quantity One 2ZEES|01E o8-l 733t

Toeprinting &4

A7 o] HEL westem blot EHA] AHE-EH FUEH vl
A ojFo] Hag WHEGE2)E o83t AAEAT AAE el
Heg suitto] EAE Zeto]m(CAT+90)%} 1| mM dNTP
(Invitrogeny& ¥ 37°CIA] 1587 ¥Hg A7 B, 5 unit®]
AMV (NEB)& #7}8t] 37ColA 1587k cDNAS S35
ukgol g ko gakol formamide loading bufferst 41014 95°C

() Plasmid derived
ribosome
) CAT
Relative amountof 1 00 6.83
CAT protem
(B) Plasmid derived
nbosome
- +
Lo Full lenght of
CAT mRNA
&~ M1

Relarrve amount of ”

CAT mRNA 304 147

Fig. 2. (A) Western blot analysis of CAT protein. DHS5ocells harboring
pRSS122N-W1 were grown to OD,,=0.2, then 0 (-) or 100 uM 1PTG
(+) and 0.2% arabinose were added to the culture to induce expression
of SSU rRNA and CAT-SecM mRNA, respectively. The culture was
further grown to OD,,=1.2 and harvested for total protein preparation.
The membrane was probed with anti-CAT monoclonal antibody and
quantified the relative abundance of protein bands using Versa Doc
imaging system and Quantity One. The same membrane was reprobed
with antibody to E. coli ribosomal protein S1 to produce a control for
possible variations in loading. (B) Northern blot analysis of CAT
mRNA. Total RNAs were prepared from the cells grown in the same
way described in the Fig. legend 2A. The position of full-length CAT
mRNA is indicated and the same membrane was stripped and
reprobed for M1 RNA, which is a stable noncoding RNA, to quantiate
the relative amount of CAT-SecM mRNA.
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plasmid
derived
fibosome

Ribosome
Stailing
Sequence

Fig. 3. Toeprinting assay. Total ribosomes were prepared from cells
expressing SecM-CAT protein in the presence or absence of 0.1 mM
IPTG The position of stalled ribosome is indicated. A dideoxynucleotide
sequence generated with the same primer used in toeprinting assay was
run in parallel (lanes 1~4).

oA 5% & 7Fete] A2 &, 10% polyacrylamide geld]
A B2)5}9.20, phosphorimagerS ©]-8-31] ATE 23514t
Toeprinting 215.¢] $X]= DNA E71E4 7] E(Intron)S AHE-3}
&, pRSS122N-W12 FH O 2 toeprinting®l] AFEE 5-TTho]
FAE Zelo]H(CAT+90)Z 4 (extension)dte] S21a}T},

2 5

177019] ojr)ieito 2 o)) R SeeMol| M Freigt B HEto]
Z(FUXXXXWIXXXXGIRAGP' S )= 1 3 C-2ghe] oAl 7j9)
AE(GIRAGP)FIO 2 & glo|Rdo) Hx|24-8 ot By
H vi7t dok(16). oS AR S 0] 83k B Ao He CAT
AL TP cat FHAN SecMoll A fradt HE Hefo]
IZ(GIRAGP)E 413} pRSS122N-W1 ETAn =& A28y
ThFig. 1). pRSSI22N-W1E 33 AEE 02% olghlies 3
7t 93], CAT-SecM mRNA7Z} FE531, o] AAME PTG
oJ3) FEfAar| =2 RE o] REHE SSU RNAE ¥k
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308 ATHAZ o] 707 AxE o) R st sSo] 5
& ES31H0] Slthe). pRSSI22N-WIE 717 A¥= IPTG7}
Y= ZoAE CAT-SecM T A 9] D& go] PTG UL o
B 685 Ax Zadte AL #AE = UALFg 24),
ol ZEAmERRE o] S EHE SSU tRNASY EH0)
w2} CAT-SecM mRNAS] 50| ZHHTIE AL Bt}

Zto]H4:9] mRNA “golxel IAIHQ HAZ A5 Ax}e)o)
A19] mRNAS] W23 @42 kst g Eola EAsle
RO Z HAHOW(5-11, 19, 26, 28, 29, 31, 32), 3] SecM
A Fefst BEelo|=ol 3t glolHde] YAIF AR
SecM-SecA mRNAS] #3835 23 sk ALE d3HA
TH26). pRSSI22N-W1olA] LHE = CAT-SecM mRNA 3
Az gto]Bo] oJd] BaEer1E Lolhr] s o] Mk
o AAHQ 9kE Northem blotg E38) ¥Astgdch o Azt
IPTGE Hjol 718} CAT-SecM mRNATHS Q14)5H= Al
Z3F golrde] Wdo] AEHIS W, 18X e F¢r}
CAT-SecM mRNAY| AR o] 43S FUsyt
(Fig. 2B). 53}, SecMollA] efgt Haglelo|=g IYshe 4
7HjEE 7HAT QA 5 CAT mRNAS] Bl & Az
g gfo|He] Wio] FEEHAS W F71ehs AL FASATK
23} vAA]). PRF 02 SEN T} =& mRNAE 2o] Bl
oJ3] mRNAZF B H 3 HEa] G40 o3t Ea)j2hg o2 RE HE
5o} RNA ¢F8Ae] F7tse AeE 4oA Uow(G, 4, 6),
ol#3 Ak A2 elo]BEO] CAT-SecM mRNAY E3E
FESGeE SA8HE AFo|th(Fig. 2B).

%37} 2olHEo] SecMofl A freligt HaFelo| =] §H4 Z
& CAT-SecM mRNA’ZIA AAIFQ] AR 0] dou=rE
Uolr 7] 304 toeprinting AP (10)S TF3AYCHFig. 3). ©]
AEE B3 AX oA did 4 F<l go]EEe mRNA
ol o] X dolE & itk 7HFs) AEPd, mRNAY] 3’
okl Ashe 5 ddto| BAE ZelolrE HJANERE o]
43 cDNAE F4331aL, 4% DNAY 7|8 BA3toan
cDNA AT A GHALE A7 mRNASY go]Ben) 25
slo] @Alo] FEE HAXE A3 Btk 1 E3, SecMoilA
Felg HAR el =9 3 2T glelRe] $JA|9A cDNA
o] @rERe 277t £50] He AL FRISIYL, ole AR
& glol o] HAReto| =9 §Hg 2% IAFQ) FR|@Ado s
CAT-SecM mRNA®| £3l7} &S Arh= 7S siiks) 2o}

n #

B a7 e 718y AZ Folig A2He Wy
SecMellA frefdt A2 el =0l 23] dAAQ Ax @Al I
ouA] ¢t 3H= SSU RNAE AHEE 4 e §-43H4 AlA
S Agsta) St A2 AR Al2ddMe Az go)
Bo] HAIEol=8 9% ¥ CAT-SecM mRNA AoilA
Al AAEk, AJxF efolHgo] W o AR kS 7+
2A7E AE 31Tt ol g A EE A" o8
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3} golEg HAE 38l SSU RNA SdHo|A ] Mol
Vet A BoFrh

%7] AAE SeeM HEP|Ew 2lo]HE9] PIC (peptidyl-
transferase center) F-$12] 2ol Y3 E7EdH F3AES
Fohn gHA Qiet olw 2] Felol=e 238 RNA 29 F
NME A20587 A749-753 F7] 18|11 ol ©E 149
L22¢}e] AsAgo = Q3 5089 T2 JlolA WEr}t AY71A
Hth22). 5088 308 AVHAE AAA7I= SIHEZA
(intersubunit bridges)S H1E3} mRNAS} (RNAZ} THA -
JETE AFo] Yol SSU RNA A REHEZE
(decoding center)E TFZH o2 shte] d4s o] e AsHe
o2 A7 4 e, o] SSU rRNAS 717} SecMol
3 EARAEE BINATE Sa2A B UE
Qith= 78 Huklsiet

AE WollA RNAS] B39} 7FEol SlojA 88 4EE &
= 85349 )R HAYE RS d 4 (RNase E, RNase G, RNase
10, RelEy7} gho]R&e] AREA o] dojuhs Fotol doju=
mRNA2] Eaj@Adol A1 Fao] fle AR d#A U
(30), ol 2to|Hre] YAIHQ Aol 9J3f A71= mRNAY
AR el 9] ATEAL olnfE glo|H4re] yiialA HHAR]
RNA WH-ESEA0) o3 Aoz F4o] At ofeidt 7S
21357 YsiME 2ojEEy AR AXE JjAT=
SSU rRNA9] Wo|A & X¥E 4= & F38H Al2Elo] R
&, B dFoME Add Al2"S o83ty olgjg d7vt
7Fssteiet AE

ZAtel &

o] EEL 2008d% Fm $ATAATH 2 WS
&7]&%- 21C ZHE ] 1 e A4 BEU1E 79%}%4 2
doz Fgaigsyt.
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ABSTRACT : Development of Genetic System for Isolation of SSU rRNA Mutants that Bypass SecM-

Mediated Ribosome Stalling

Hye-Jeong Ha, Hong-Man Kim, Ji-Hyun Yeom, and Kangseok Lee* (Department of Life
Science, Chung-Ang University, Seoul 156-756, Republic of Korea)

Ribosome stalling by nascent sticky peptide has been reported in several organisms across the kingdom. To test
whether small subunit (SSU) rRNA is involved in this phenomenon, we developed a genetic system that utilized
the specialized ribosome system to isolate SSU rRNA mutants that enable ribosomes to bypass the SecM-
derived sticky peptide in protein synthesis. In this system, CAT-SecM mRNA, which encodes CAT protein con-
taining the sticky peptide derived from SecM, is only translated by specialized ribosomes. These ribosomes
were shown to transiently stall on CAT-SecM mRNA followed by the synthesis of the sticky peptide. Expres-
sion of specialized ribosomes resulted in the decreased steady-state level of CAT-SecM mRNA, which is con-
sistent with a notion that ribosome stalling induces mRNA degradation. Isolation and characterization of SSU
tRNA mutations using this genetic system that are sufficient to circumvent ribosome stalling induced by the
SecM-derived sticky peptide will provide evidence of SSU rRNA function in mRNA cleavage.



