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Construction and growth characteristics of an Escherichia coli
strain with single copy of rRNA operon
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Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: The Escherichia coli strain SQ88 was selected as the target strain, to which five of rRNA operons (rrnA, rrnD, rmkE,
rrnG and rrnH) were sequentially inactivated using X Red recombination system. Using Red recombination system, SQ88C, a
strain just carrying one copy of rRNA operon (rrnB) was constructed by screening Kan resistance mutant. The Kan resistant gene
between two FRT recognizing sites was then eliminated designedly. The manipulated strain SQ88C showed no obvious defects in
growth rates, and the rRNA/ protein ratio remained as the target one. The results suggested that the one copy of rRNA operon could
support the growth of E. coli in normal conditions. It indicated that Red in vivo recombination was a convenient method to construct
rRNA genes deletion strain. This strain is of potential in the research of 16S rRNA gene mutations.
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X7 A DR ICC O AFSE tRNA () —NAG, SXOERUATE | MREPTTREREZE, Jish6 1
DL F B £ A T AT AE W SR S AR HE SR B BB E5 1 o S T ST 2245 DL ren 3G\ ICAE KA 3 A4
AR ILBNE ) W ZHE DL rrn B TCRIBR T E. coli THRSLDAR LN EHEE T,

VAR K JR R A N W R Red EEZH R 40, W LA ELHEAI & [RIEE (9 PCR 4otk v B b
PSR YR E BRI, X R RO e I, AR s Y R RS, AR e R
Tufts K% Selwyn Quan BG4 1) E. coli B Ak SQ88 HYFERE FAEE T 1 ANk LAUE A 1 A5E%E rn B2YTT
HJBAP% D1 Y 16S rRNA K 1) B FE——S Q88 C.,
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Table 1 Bacterial strains and plasmids used

AR AR Strain or plasmid B AR Description and relevant characteristics Refiijzjﬂjfiime
20 B B Rk DH5« E. coli, supE44, hsdR17, AlacU169, reeAl, endAl, gryA96, thi-1 relAl This laboratory
Bacterial strains 5Q88 Derivative of E. coli MG1655, with two copies of rrn operons, rmB and rrmC Selwyn Quan
SQ88C-Kan Derivative of SQ88, just with one copy of intact rrn operon, rrnB, Kan' This work
SQ88C Derivative of SQ88C-Kan, Kan® This work
JiUkL pKD46 oriR101 repA101 (its) ParaB-gam-bet-exo; Amp" CGSC (Coli Genetic
Plasmids Strain Center)
pKD4 oriR6K bla (ApR) rgnB (Ter); Kan® CGSC
pCP20 ts-rep, [cI857] (lambda) (is), bla (ApR), FLP; Cm" CGSC

1.1.2 E4SFikF  Tag DNA AW . Pfu DNA A N B BEIR AW N 577 0 LA-Taq B K2 BR i
PEN VIR T X5% 5B TRV ) Dpn 1 E NEB 2305 PCR BIAIIN Y TAEM b HESas 20 w42 L
e, L B R A REAN Folin-phenol 14 F| Sigma A F] , AR RERE N g - L', Hih H Amresco 23],
1.1.3 E5E IBEHRE, HAK10g, BRES g, A 10 g, KB FRKEXRE 1000 mL, pH
7.2, BolEARREFRIER A 1S ¢ - L7 BIBUE .,
1.1.4 MEZREERRE KIERATEWENT. FIBER (Kan) 25 pg - ml™', AFHFHER
(Amp) 100 pg - mL™", HWMWEEZR (Spe) 40 pg - mL™',
1.2 DNA R{EFN E. coli ¥iL

kL DNA FOEEHL (BRARTE ) | BRE AL AL SR8 HL 0 T AR WA 38 4% SCik [10] 347, DNA
A 2 A [T 2 BRI kA 7
1.3 Red FEiREAF EFHITEERR
1.3.1 ZRMEWEE DNA TS FRIGI & 5403 HTREHNMERE PCR §" #5198 C2 — Red -5 #1 C2 -
Red -3, W _LIIIRA G A ROFAE, BT 5I/H 57 ¥ 38 nt A9 16S rDNA F 51 [R5 X A1 3" ¥ 20 nt Ay
R B pKD4 1Y Kan HUPESREP AU IXZH R, mBRT 197508 C2 — Red —5: 5'-AGCTAATACCGCATA-
ACGTCGCAAGACCAAAGAGGGGGGTAGGCTGGAGCTGCTTC-3"; €2 — Red —3: 5'-GACTCCAATCCGGAC-
TACGACGCACTTTATGAGGTCCGGGGAATTAGCCATGGTCC-3' . f#i FHE R 2L DNA B4 W (Pfu DNA B4
fit}), 2 PCR A MZMEREE DNA FTH40F (S RIERE + Tk dnic + 3 MG, [WUEH O T R4t
) o PCR =Y P AAAE ) BORS AR 2318 20 1 I s FA YA, ] Dpn T BEVEHT T PCR 724, W LA P 3k
AR AR TR A3 A, XA FEAR R PCR = 1EH . ¥ Dpn T AERS I PCR 7= H Z BEDTTE
PAEAT DSOS RO AT T Red [REEZL, SRICGEH I 1000 75 3t vl LATK 2[RI RE A A5CR
1.3.2 FESREEBRZEMAMPESE B Red TH RS TR pKD46 ] CaCl, WE5ALE E. coli T
Pk SQ88 th, W HAEEA Amp 1Y LB AR T 30 Cot IR 55%, A 1 mL H T 50 mL &4 Amp
f LB =AM, 30 CHRZEIFE3 ~4 h, E D8 0.5 ~0.6, FEHFHAIERT 1 h LA L-BHi{asE, ff
ZUFIRWE A1 g - L7 BOEEREM, FH10% HimsiBaikit 3 ~4 Ik, Sl EEE T 500 pL
TR 10% JCE H i, BS0 pL HF S, HRFRT -80 CrkA b M, L L#fEL By
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TEVK AT,
1.3.3 EEHEERW M2 L (20 ~100 ng) PCR 5 50 pL WIHl &1 &ZBIR A, R BioRad 22 ]
MicroPulser HLZEFLAY 0. 2 em HLES LA, DL 2.5 kV, 5.8 ms Jﬂ“ﬁi‘%ﬂf%4ﬁ, SREHGE A LB B 55 %
1 mL, BT 37 CHEIRTEI 1 ~2 h, HETHEIRICH LB A BE T va ke
1.3.4 IGIES|¥A0iET  $EEEA TR —BEN0E . 1 X5 e X AN, 548 1
SEUAE T LA FTHE RS N, B LSRG %31 T FRT — 23S A1 Kan X 2 X519, B FRBAF&E 7 1
rRNA #2290\ JCH) 16S ~ 23S rRNA [H]f7 X (16S —23S rRNA spacer region) HJFINH —EMER, RIE51Y
XF FRT — 23S 4748 774 (4300 &5 S ] 40 W g B3 ke A= e B — 9ot I

FHTA I R IR ZHi LA PCR 9151 M: Kan — 5. 5'-CGGTGCCCTGAATGAACTGC-3',
Kan —3: 5'-GGC2CACAGTCGATGAATCC-3'; FRT — 23S — 5. 5'-TAGGAACTTCGGAATAGG-3', FRT -
23S 3. 5'-CACCTTACCGACGCTTAT-3',
1.3.5 FAEEMEEENER  FOR pCP20 FiAMY FLP AR, nEMEEAFLREMAE 2 4 FRT
BN S L, Kan PUPEIEPE4E ) B EHA Amp FrbEMBORL pCP20 FHH CaCl, J5 B4k E A BA Kan 3T
PERIBRPER VR, T30 CHEFRAME FAESA Amp Al Kan BFEHR_FHAS FRIERAL T, SRIG 2 oA
F LB AR T, 42 CHiFRS h, 37 CPARKIZER SR, XIS 210 SRR E 21T Amp Fl Kan BUSHEKS
W, FJ53RAF 0 Amp 1 Kan R R RAR L L BR Kan R EA T,
1.4 {(FHEEBEENE

WA 6= (1,-1,) /3.322 (lg D, -1gD,) HRAGHEmIE], . 6 R g ms i) (B Um
[, generation time) , ¢, —¢, /N AT S Z M AGEBEES ] s D, . D, JXF R B 721 BY50 66 BT HE
600 nm KbIMAS 05 BEAE 8 G B Tl a, — e e i s e 2% , IFORFEWIER Dgy 7E 0. 05 ~0. 10
T, FERIAX BRI, WM A, RAEGIZER 10 min W 1 K, LR D HER 1
M, ERBEEFHR (R=1/6) WEAEMAEYERBIHNWEZESHZ —,
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PR RNA R A A 2 DL Scrk [11] .
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16S rRNA X Fr B . FRT 7 &5 A1 Kan $oiE 2,
29 1.6 kb, B H F Bl i i B AR R N TR AR
SQ88 (TMisE S A pKD46 ki) JF, &4 T4 25
mg + L' Kan (1 LB P-4k I, PRIG5> b+ 47
Kan R H#E50E, FIH54) Kan —5 Fl Kan -3 §°
M4 Kan FEH, & BLAE 500 bp 7 & FH P Kan 3 A
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Fig.1 PCR bands amplified from the DNA of Kan resist-
ant strain SQ88C-Kan and SQ88C

1. SQ88 (FHMEXIHE) " 1% Kan 3£ Kan gene amplified from
strain SQ88 (negative control) ; 2 ~4. SQ88C P18 Kan A Kan gene
amplified from strain SQ88C; 5. SQ88C — Kan P18 Kan £:H Kan gene
amplified from strain SQ88C-Kan; 6 ~8. SQ88C — Kan "3 FRT - 23S
Wi %1 FRT-23S amplified from strain SQ88C-Kan; 9 ~10. SQ88C i
3 16S rDNA 16S tDNA amplified from strain SQ88C; 11 ~12. SQ88 ¥
3 16S rDNA 16S rDNA amplified from strain SQ88; M. DL 2000 marker
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23S -3 Wy E| T HEISEI/ AT AH (K1), MFERE E. coli 7 4 rRNA £24000HY 16S ~ 23S
[i) s DX 910 ) 2 S, B B e A I LR SR B IBCHE R 1 AR AR rrnC A EE 2 SQ88C — Kan 2k
HEATHUME T BRI
2.2 BEFHEREEMNER

JH SQ88C — Kan KA THIPEIHBRIAS:, PRIBCARTE AT Amp F1 Kan BUSPERN, 38 PCR 1Y 5k
AE T Kan JE Y ER | B3RS Amp A1 Kan 5URE FRED M 25 B% Kan JE R 540 F——SQ88C,
2.3 mREEEREERERNE

FEfR IR b, T A 24 Rl 4R, AT 2B B St R AR AR T 2 X A A D e A
KT E, XFERIR 25 AR RS2 AR+ I 1T, Wt R ULmER rrn BRI TC IS A3 I [R] 7] i 25
A BEWAE " BTLAR LB 85557 R I R O TR AR B4 35 18 st 1) T LA HS 400 M A B R 5 1 b R 75 327 BB
Mo, SR rrn ERATTRER IS 45 T AR B RS S I T SE , AR AT T SQ88C TR AR I A% 1 Bt |] I35 A A
16S rRNA J& [K #% D1 B0 /D ifi 2. 3% R e, SQ88 {3t ] 4 34 min, 1 SQ88C K 35 min, 4 AH H LT3
AU, HES DHSa (26 min) WZEFEAZR U (R2),

2 e BATTRIRR K BAAT B SRS E 0 rRNA/ B B 1E

Table 2 Doubling times and rRNA/protein ratios of rrn deletion cells

SiH Stain A3 ]/ min R/min ! rRNA/ZEH (HIXHE) e U
Doubling time Growth rate constant rRNA/protein ratios Cold sensitive
DHS5«a 26 0.038 5 1.198 9 1.000 0 —
S0Q88 34 0.029 4 1.000 0 0.834 1 —
SQ88C 35 0.028 6 0.947 7 0.790 4 —

2.4 rRNA/ZEREFLSERMY

IR P KA R S RNA FIUSZE 11k, B T (RNA/ZE (1M, (A 145 DHS e AR B (8 3
77 HH, KB SQ88 F1 SQ88C Y rRNA/ZE FIHAHZ I A, A —EREEER TR, MHXME N 0.947 7,
M5 PR R FF AR AR DHS o AL, FRELLIRII ., AHXHE R 0.790 4 ($£2),

PR AU T, OB ROA B, Bk 2 1 B sk 20 T LA (] kA 0 T
BIRRA A SUSTR  {H1E SQ88C H1 SQ88 itk H A FIIX—HE (F£2),

3 it

20 142 80 4E10H), Ellwood %5 Wi BV MINMEER T E. coli 1) rrnE FEHIT, B A8 T2 5 M i 45 1F
TR BRI B TR RR S A AR A e B R Ak, E L UERHAE E. coli #1 Bacillus subtilis 3X 2 Fif
TR PR 1A rrn SR ITHT AN AE A Ko S R AR TR AR AR KA

AR SN, MER 2 MR TTIE R TEAE KR rRNA/ZE B {E AR BT FRE . SR gt
BoEieme) 3 ~6 AN, ARKEF TS RNA/E A AN FRABLE B3, X450 RR 2D m il
I3 0 B A A3 398 it To) S A AN R B T B R S B, 16 T RE R B T A B IACR R I T80 2,
AWFEIE N WERARNY Red ARG, W& T YA L HAA 1 4501 16S vRNA FEH 1 E. coli T
SQ88C,, i 3ot i 7 PR i A5 T MR A A E] , B E. coli TR SQ88C AR s 6] 315 PN rrn $5 DL
W 2% R, 5 DHSa b HUEIEK T 10 min 245 .

Asai 25— LD MR 7 NMRHIC F SR 16S tRNA 3 23S rRNA JEH M A B, BeJa, F8m1 NE
PREEYL IR R S A AT 5254 (1) rRNA 324000, rRNA 4> TR 28 AR (prm) EAL& AR —
RNA B2\ T (rrnC) FRIKHRW), 7E Asai RIS S , A HeE D7 prrn B SEA AT rrn @R E
BRZ IR IX 3], {H D7 pren BERE T LAAR G 9 A8 45X — 5 5250 T L d B RIAE TRNA #2000 2 [0 A7 146 25 5%
BT E AR/ I RS HER IR 4 PR E K BEmn 7

T 5 RNA 1 98% [ RNA ZFE M, rRNA S48 RNA B IR thissdae, —Mh 70% 4
i, TR EAR (RNA/ SR AR LR, AR BB BEAT EL S S 0, rRNA/ R S BN E
PR B E B, 2l vRNA/ B A EAR SR T UM P AR TR B . 30 28 A B 42 Hh A Ak vk
JEE FNSCRAE 06 40 S 32 A R BRI 1Y), 1 ELG B0 305 3% 0 1) A A 3 5 350 R R 3 11 L ol
TEECEYTST S FRATTIR 1 4% Bl o9 A ik bl o A K A M P Y B RNA RLEVR (i, IR IKIL 2 T R R T R
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rRNA/ZEFIE, 28 & B SQ88C i1 SQ88 A rRNA/ZE HE A 2ZZ - Al i, S~ SQ88 Ay 94.77% , i 5
E. colifikk DHSo A1 EE, WA —ERER T, N 79.04% , PG R FAZ AR T RACRI LR,
FATAT LI 2518, SQ88C H1 SQ88 ALY, MHAKMCR LTI A ML, XU S Y AR | rrm #2
PorEat A 1 AE 2 DB, BRHARIRTE MR B RO FAEEAR YR —3, AR B (RNA/ B FIHE P
MSEORE, SQ88 Fil SQ88C M2 FIFAK, (HIE 5 AKMIFR rRNA #IATTH E. coli TR DHSa #H 1L 22 7
B, BORE, AR TR RNA/S FHE R N REIRER R —2, SQ88C 5 DHSa AH HuA: KK
RFRET226% , 1 RNA/FEAE TR T2 21% , 7] WA SR SQ88 7 A 4 3 A M 1A v 5 1 7 if 5
DH5o A LEESA BT TR, (HHARARRCRN TR R, 5156, 78 SQ88C Fi SQ88 Wtk H IF i &
PRV RN G, I VA B 55 TR A A M 1A I V2 R T rRNA #8900 48 hy B DL )5 32 B AR K
M)

g Lk, WAV X500, KGR RS R U545 DL rRNA #R 9\ ToiE X H A K JF

AN 1 B BA 1 60 TR T
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