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Escherichia coli 16S rRNA®] & M.2% 53 790 loops] 331318 58 $A 0 A 2] ide] g $887)%
< A8 A4E71A Y AR 355 7894 A0 G711 A 8L Fodste Alzba ol A B rds Je S
chloramphenicol acetyltransferase mRNA$] shi} 3 2.¢] W] & 52 2} o] o] W} chloramphenicolol] ¥ & A 3}A4]
AEE ZAFo2H L4519 ol 33 vle} o] BE Wl o)A Bl Bfo] DA §A%5 Y2 WA 3 A sty
d-2v, 789 4719 YA FA M2 71%-& 779 317] 91314 16S rRNA W o] A 9] 7]%5E A FA 7] E ol X
F & ¥ o](second-site revertant)S L= A A FAHEA APy L ANEsn.
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1980t 7HA] RNAE ©A] ©ldEe] gel2s & Sle W
q2Y AR HAA75E 71 RNAS] 27o|%(3) ©d
ol lojA] rRNAS] A28 7% it A7t &dst
Al JYE U HZle RNAZF A FAe) =E ARFH
7% ARHoE AoAithe AF FASC] Bl URy
ATH?, 4, 5, 11, 16).

RNAS] 28} 7)%d] 3§ AT Escherichia colis )&
kel doixe o7 7hA] HeElgd diiel L3}t o] AEA
ANA FHEHAT 25T o] Fopoll BEISE A7 7T A
Aeol= EF3813L rRNAS |7 HEE B3 4384 71584
< 3= dv B 7242 FAEC] At FAEOE
IRNAE F938ke 32 BE8-2 & Alxol| o) 7] SAstr
(E. colidll= 77) rRNA L¥E0] 3}, dFE2] rRNAS 7]
AP A XPAHQA FEFE Fol AEE T AR
2 AU 1At o]23 EAFES FEI|H% B2 Al
Eo] AR YA 3 HRES o8 F gie &
WA 7|12Ee] B4 wfj )] o] FolollAe] & e gt

IRNA®] 7158 fxigtdoa dAgtshed] doiMe) 71t 2
FAHE AE AFHR] 715 AssA] GowA wulagt
Aol 9SS WA= RNA F7183E FAFPFHoZ &
(selection) 4~ = EFAR] {HEE W] gle ot &
o)) E dAFA= 165 1IRNAY 7152 in viveoll A F-28H8 0

A% 5 e A2EE PEETH10-12). 0] AlzElelA
+© chloramphenicol acetyltransferase (CAT) mRNA7} pRNA122
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] oh2 mRNAT ©] 308 oJsliA] si=5EA] et o] Tk
n=E 7R3 U= E. coliv chloramphenicoldll A&Hdo] ).
W 2 ARY Bee o] FEkr|=odlA 7193 308 FA7E 4
ol B CAT @AS ka7t 23t o] Al=’E o]
23t 1659 7 & HEE PO dig gL 5§33
(instant evolution) A&} APHA(11 17), ¢]1= 1] 1652
153 72 g 3183 siXo] 7FeshAl AUk o] Al=
S o) 83le] ATA RNAY 7ME & BED E7)9 WHo)
fHE 75 PAe FFE AL olAEATAR]
(second-site revertan)E W3 AFRE Adsiel 1 Az}
£ Bud)
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M=
TFo| et a5l Y
RE Zg2u|=E E coli DHS (supEAd, hsdR17, recAl,
endAl, gyrA96, thi-)NA §-48182™ ampicillin (100 pg/mlyS
43 LB HiX|olA HlokstETE pRNAI22 Zgliw| =]
lacUV5 ZZRE M RNA E4E F238t7] dsiH 1 mM
IPTG7} AHE-S Atk #4245 % (minimal inhibitory concentra-
tionyg 3] FlsAe S5 M FE AES 1:10022 3]
A A 2417 v FHell 1PTGE #H7Fst 2-3A417F o] st
& ok 10709 AIEE o8 F=2] chloramphenicol (0, 50,
100, 200, 300, 400, 500, 600 pg/mlyS E33} LBHIA|o) HE3}
of 24417t Bb ujgste] AT AFE 93] JAlsks Ha
%2l chloramphenicol =8 243
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pRNA122¢} pl6STI229] A2 B uHE ukel Z31(10, 12)
PASS2 ZFAT == p16ST1229) lack AR E28h= Bell
3} BsEIl AL 2o AR E8HolE AZE§ PCR WY
< olga) Aoz AFEL AARAS AAsI, EE-
(&F 95%)%] 168 IRNAE IH3h= FH-S PCR DNAE 24
g = A AZEATE 16S IRNAS ZHsHs 2829 789 9
o VXS XTI BlHES W= FES A3 st
o], o] ¥&o| ¢7)X8S T PCR DNAS Bglll®} Dralll
AgFEaAZ B35l pRNAIZ2 Eetav|=9) 28 Agtas =}
Zloll 28319t} PCR DNAE ZZA|7]7) 98} AF&-3} primers
168-537F (5-GGAGGGTGCAAGCGITAATCGGAA), 16S-786R
(5-CCTGITTGCTCCCCACGCTTTCGCACCTGAGCG), 16S-791H
(5-CTCAGGTGCGAAAGCGTGGGGAGCAAACAGGATVAGA
TACCCTGGTAGTCCACGCCGTAA)$}+ ASD-B (5-GGCGACTT
TCACTCACAAAC)e|™ AZ3 PCR WH(9)& AM8-514t). 168
RNAY F-392 A7]128E do7)7] 934 PCR w5 0.1
~03 mM MnCLE H7}3F9th PCR kit= Perkin Elmeroll Al 7
ufatgien, 100 pie] PCR ¥EE-o& 1X PCR buffer I, 2.5
mM  MgClL, 250uM dNTPs, 1uM primers, 2.5 unit9]
AmpliTaq DNA SH&E A9} 15 ng2} pRNA122 FEAV| =T X
gEom vh-F 1L 94°Col| A 30%, 53°COlA 30%, 72°Co)
A 902¢] F712 308-& WHESIATE. AME-ESE primers 16S-
IF (5-AAATTGAAGAGITTGATCA)S} 16S-1542R (5-TAATC
CCATGATCCAACCGCAGGTTCCCCTACGGITACC)o|th.

A3 3 0F

239 RNAY 7H8 & HEE 2R 29 3Rl 790 loop
(1, 8) 3] &71el tigt A7e Bol FHHU2KE, 11, 13-15,
18) o] Fi-o] HslA Tl TGN oH 7)15S 58
k=Rl gk A7 aY= B vh flthFig 1) Add BHa
gk 7900 gt &8 A AANA E coli 16S rRNAS] 789
¢} 791 E717) Bl 71eE HEiA E5AY 5 e vt
e 4 AT, o] AME ZAR 3, pRNAI22 F
Zham| =9 16S rRNA ZEHES] 789 YA Q7IXEE vhs
o, &9 8] 7152 chloramphenicol (Cm)ol| thak A3}
oz SATOZHN 789 FUI7t EHES] VTl vlXe 9
£ S35t A3 E vk 2o, 789 HA|oA 9] FrHEL
ZRE 715& 23] AR 2T, ZE #HolA| EF Fol
Al UdllA CRo X|ZHe X3t glREo| 7Pt & oA 3
A715& BEom, o] WolA| 2|H&S WSS E. coli X9
Cmell thEF F4JAEEE 600 pg/mioll A 300 pg/mlE A3
o} (29 1C). UM A 5 GEY Gr71X8e T3 HolH)
YRES BHSR= E coli AFEL] Cmdll e ARl ssE
600 pug/mlell Al 50~75 ug/mlZ2. 4% o], 789 F719] wAE Ho)
(transversion)’t  ElREre] @d FAU1S doiFeE ¢&
A 7S BTt o] Ad= 789 G717} Blige] vl ¢

™
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Fig. 1. (A) A secondary structure of E. coli 16S rRNA. The location
of the 790 loop is indicated with a circle. (B) The secondary structure
of the 790 loop. (C) Effect of mutations at the position 789 on
ribosome function. Degree of resistance to Cm by E. coli cells
expressing pPRNA122 ribosomes containing a base substitution at the
position 789 was measured.
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o] WolAl gRfo] SAFNENA L] o= EXTA X
7V BE O 75s F¥ske 883 728 HHREAE
FHH R FH3El] s, o] WelAlY] 7|58 FEATE
168 tRNA 732l oJx1E-AFE A o](second-site revertant)ys L3
sh= AFWHES st A, 168 RNAS] IF5-ET 7
292 ENABL JoAN FE2E F e AT E(PASS2)
g AFsATt. o] Fexv=E puctodlN FHERoT,
PRNA122 EpAv|ERT 8 AETF Fohiu|=9] £71 gol
pASS2E T QU= E coli AEE Cmoll tid HAAA 557}
700 pg/mle]th. ThE-2 2 PCRES T3 £X3 16S rRNAS Y
3= DNA 21 § 7ig B shve] E71x8e] 7292 &
oz 4 U= PCR WH$9] 21E A3 $81ed, Tug DNA
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Fig. 2. Mutagenesis of 16S rRNA coding region by error-prone PCR. Coding region of 16S rRNA was amplified using error-prone PCR with
different concentrations of MnCl, and cloned into pASS2. MIC was measured by choosing forty eight clones from each group were tested for

degree of resistance to Cm.

FTHEAS FINSHAFAA A7IXBL FRA T AT &
27 Mn*& PCR ¥Holl 8] 52 ¥§3l] DNAE %3}
I pASS2 FEAv| = FE8le] o] FEE9 Cmol g At
A& 2739TH7). Fig. 2014 B+ ulke} 22o] PCR Hhgoll £
38 Mo =7 0914 03 mME Z743Hel whet, PCR
DNAZ} A8 pASS2 ZERAV|EE 71K E coli M ES] Cmoll
gk Aol A4S BE A o] AR 16S rRNAS| I
FREo] Mn*s ol mEtA FrIREe] FUHUSS ¢ 5 A
Atk hte] PCR DNA 4 3 S G71x18 78 goprr)
98t 0.1 mM Mn*'2 Z33E vhEellA 4L PCR DNAE T+
2% 207 FEEY ArEs AT HA 1,542 wEE
2EI=9] 16S RNA FHEFES] ~90%0) sFsle F2s B4

Table 1. Sequence analysis of the mutant clones

Clone Mutations MIC
1 C525A, T692C, A913T 50
2 A629G, A825G, A1250G 50
3 T701C 100
4 GI1220A 100
5 G1058T 200
6 C528T, C689T, G971A 200
7 GI111C 300
8 CA418T, T636A, T772C 300
9 T96C, A162G 400
10 T471C 400
1 nd.? 500
12 nd? 500
13 T118C, A1503G 500
14 A1036G 600
15 nd? 600
16 TS94C, C483T 600
17 nd? 700
18 nd? 700
19 G761C 700

20 nd? © 700

n.d.. not determined
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ABSTRACT : Functional Analysis of the Residue 789 in Escherichia coli 16S rRNA and Development of
a Method to Select Second-site Revertants
Jong-Myung Kim, Ha-Young Go, Woo-Seok Song, Sang-Mi Ryou, and Kangseok Lee*
(Department of Life Science, Chung-Ang University, Seoul, Korea)

A base substitution was introduced at the position 789 in Escherichia coli 16S rRNA, which was previously
identified as an invariant residue for ribosome function and the ability of the mutant ribosomes to translate
chloramphenicol acetyltransferase mRNA was measured by determining the degree of resistance to chloram-
phenicol of cells expressing these mutant ribosomes. As expected, mutant ribosomes containing a base sub-
stitution at the position 789 showed significantly reduced protein-synthesis ability and to identify a functional
role played by this residue in protein synthesis, we developed an efficient genetic method to select second-site
revertants in 16S rRNA that restore protein-synthesis function to these mutant ribosomes.



