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Construct a molecular switch based on bacterial quorum
sensing

Zhiwei Zhang*?, and Sheng Wu'
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2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Engineering the existing or manual assembling biosynthetic pathways involves two important issues: the
activity and expression level of key enzymes in the pathway. Concerning the enzyme expression study, the conventional
approach is to use strong promoter to initiate the overexpression of the target protein. The excessive expression of the target
protein usually result in the intracellular accumulation of a large number of inactive inclusion bodies, thereby seriously
affect the physiological state of the cell and the effective functioning of the relevant biological pathways. To solve this
problem, we would like to design a molecular switch to precisely manipulate the expression level of key enzymes in the
biosynthetic process, which has important practical value for the study of metabolic rhythm of the biosynthetic pathway and
to promote the efficiency of the biosynthetic pathway. Based on the basic principles of quorum sensing existing in the
bacterial community and combining the dynamic characteristics of the enzymatic catalysis, we first established cell-cell
communication mechanisms mediated by signal molecule homoserine lactone (AHL) in the E. coli community and target
protein EGFP was expressed under the control of the promoter Py.;. In the process of cell growth, AHL accumulated to a
certain concentration to start the expression of target gene egfp. At the different cell growth stages, AHL-degrading enzyme
AiiA was induced and resulted in the degradation of AHL molecule in a controlled environment, thereby controlling the
transcription efficiency of target gene egfp and ultimately achieve the precise control of the level of expression of the target
protein EGFP. The detection of cell growth state, the mRNA level and protein expression level of the target gene showed
the artificially designed molecular switch can control the level of expression of a target gene in a convenient and efficient
manner with a spatial and temporal regulation of rigor. The molecular switch is expected to be widely used in the field of

metabolic engineering and synthetic biology research areas.

Keywords: quorum-sensing, acyl-homoserine lactone, aiiA gene, molecular switch
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SR AR E A B PR AR AR VL fischeri 1)
MR, 5% 10°~10"/mL, SBOXHE
RPN ; MAEHKPiF 2Ry V. fischeri, 1%
FEARF 10%/mL, RRER HFOEE, SR pE
B 178 Ak, Y R R IR B — i B
A A N B RO R T R SR
G LK Tl el 4 T ) 40 B 5 A0 T TR 45 R A8
TG A AR, SRR . UM L AT
PRI A0, XS H 315
SYEF T MREIERE T PR
W R X AR S NI TR, &
T ENZIEAT R, SR AR A B
() A PRI e RN AR S ARRAE , AR INE R A A
ot HHRIPE A YIEI S . UAERNAEY &
IO AR [ A R A 25 SR S R
A BEPE R A, TR vE R i A 5 X 24
T SO A AR 1,

2 FCRHEAR T V. fischeri ARG 2 L
LuxI-LuxR ZHRAY RS Ti8/ERY . LuxR f&—
PG SR B 1, Lux] 2155506 i, Hr
LuxI REfE A Sh4ERFHIRK b5 5 RT DAY /1N
4y T 1% 5 4 ¥ OHHL (N-3-oxohexanoyl-L-
homoserinelactone) '3 >4 BR 155 v 241 fifd 25 5 41K
i, AERDRE S AR LA LuxR 4545,
AN GES | A MM LuxR AL S lux) JERZE N Y
PECHRINF IR il 55t o Y IREE P 20 Jf 235 B 2 8
K, (550> TR B B{E R, OHHL 5k A 3
e N AT LuxR 4552 % LuxR-OHHL Z 547,
WEGYEEEH] P 88T b, EALHE Tuxt BEH
TENPDECERNFAFBIRmRIL, EWIERESL.
[IF, LuxI B34 2 #E— et OHHL M5,

i A ¥ i 5 Wi I 0 o8 4 =~ IS
Wi )%k, V. fischeri st & H B W2
A, Bl R B T A 7E T4 A B o
=2 R B0 (R R SO 3 AL,

PR T FE IR 5 40 B (R B PR 2 DA G
IR R 8 00 ) 240 TR RSO0 Y i (RP AT
TR R) X B iam BA EE A& P,
Zhang 55 17 56 NZEMEFF TR 240B1 4325 T RERE
RS AHL (18 AlLA, B2 H aiiA BER g 250
MREBRAN, WP EE—DRTW
HXHXDH #4545, 2002 4F Dong %7l Lee
LRI IE T 7E 75 = 4 2 M AT T A A [R] I Fofr
I UZAEERS aiiA JER, AT BRI DR 98 = 4 2R AT
WTE AR ES R 55 2 R A w5
KRB Sl X M TSR S A M R B
ZAG T FNEEA CETIF, HUILATAD AliA
J&—Fh AHL AERS (AHL lactonase) 2°27),

TR IS A3~ ML 1) 1) BH K A D& TT 4 i) &
PN T3 e W BT 2 e T SRR P
Arnold Z5 R I BAN 1S T —MEEW A
ARG, ARG L A RRON AT A A i vk
b TR E B9 KR, Hasty 463531 T —Fh [R5
WAEYR G A, A P38 2 % 5 A 1 o
KAL) A PR 7, A iE— 2 ST A AR
Bk AR Z AR P RA T R B PLE R A T — A
PR 2R 45 0 AR S L T4 B AU ik A
TE A TR SRR N 1 SR AR i B 5 465 5 il A £k 1% 8 )
SR, FRTE R R RE @ 5 S
222 FRINTR (AHL) 4510 20 B - 20 B S8 i pIL i
T8 R P A E S AHL Uk EEKF-
0 42 T 240 L PP R 1 Y R KOF, SR R
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O E I E 2R IK, A OFTELE YA R AR A ARy

B DL KA A WA s A% i 0E T SR A — R 4y
%IE‘O

1A

1.1 ##}

111 T RSN

BRI PEP VDB . ExTag DNA R4 W T4
DNA R T 5 AW TR (%) ARAA;
FE4] DNA $eHGAR & . Bk BuAGn & . i
MO & RNA $2HUATR & . Quant cDNA 55 —4%
GO & T R AR dtan) ARA
#] ; KOD Taq DNA %41 . SYBR Green Realtime
PCR Master Mix I - H A< TOYOBO A H]; DNA
eI 1R & T 18 QIAGEN A+l B
AR F A e EH IR B AR A IRA R EN
Wr . WEREE . R ALEN I Sy [ o A 2R
N-(3-oxohexanoyl)-L-homoserine lactone /4 F TCR
RANAF; HEPER D 2216 1 [ 3£ BD A H.,
1.1.2 BkRS R

PP o I S
CGMCC1.792 4 T H ] 38 38 135 A ) 1 o £ A
Ry Vo fischeri ES114 035 & B R 5
>3 pACYC-Duet-1 lJF Invitrogen 23 H] ; E. coli
DH5a., E. coli Top10 LA K ki pBAD/Myc-HisA .
pET30-Egfp ¥ AL I = /17 -
1.1.3 HBEFHE

BT #5575k AWK 10 g, R 3 g,
NaCl5 g, Z&M/KER 1L, pHN 7.0, 121 C
1 EZRVRK P 20 min, EREEFRESIN 1.5% 350008
VF Fi3edk: 37.4 g VR A 2216 15 TZ8100K,
EARZE 1L, 121 CrEZ81RKE 20 min,

Bcillus thuringiensis

http://journals.im.ac.cn/cjben

12 FHik
1.2.1 ¥EFEFE

B. thuringiensis #%#11 %] BT #5323, 37 C |
200 r/min }53% 16 h. V. fisheri ##h1 %] VF K553
Fr, 26 'C. 200 r/min }55% 16 h,
1.2.2 FEHARRAHE

Btk V. fischeri ES114 #l B. thuringiensis
CGMCC1.792 [ 2 DNA 11 $2 B2 BE 21 B 3
(K120 DNA $HURG Gl A5 09 k48 . S8
RTINS R 1, FRIGFR R BRI A Y
Tt A DDA o

H4E NCBI £54f /4 V. fischeri ES114 H1 lux
Z 4% H ¥ 5 (GenBank Accession No.
AY292966) #1514 lux for F1 lux rev, PCR 2

WA 2 95 C S 5 ming 95 °C 1 min, 53 C

1 min, 72 ‘C 2 min, #47 30 ME# ;72 °C 10 min.
PCR 7=¥)%: BamH 1 /Hind [TDW )5 i 42 2 i
Hi pACYC-Duet-1 FYXT R 7 55, FJ 8 FURL pLux.
WIS T Pra. ths FHI RIS LA
egfp JPHNIH—4519), @it INEf PCR 3
17 DNA JBeffz, 313 Pua-rbs-egfp DR T
Bt LA pET30-Egfp JHitk , LA egfp for Fl egfp rev
FE AT ey G LARTAR LR R B ok A
1‘)}2 LA egfp for2 Al egfp rev 5| ¥kt 7456 2 464~

s FELAFTRE N R BOw B, LA egfp for3 FiI
egfp rev NEIWHEATE 3 P, RAEH
Piux-rbs-egfp BEK B . % Be4: Nde [ /Hind 111
WD) 5 32 2 B4 R pLux AOXS WAL, , 4
A R pLPE (& 1), 3% Tk i fu & i 4R

[l egfp Jo shRik 2 dkoolt.

X Bcillus thuringiensis CGMCC1.792 JE K 241

DNA Mt , &iFf5197 aiiA for Fil aiiA rev #1147
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&1 XHFTHAPCR34)
Table 1 PCR primers used in this study

Primer name Primer sequence (5'—3")

Primers used for cloning

lux for CGGGATCCGAAATGTATGAG

lux rev CGAAGCTTATTATGTTCGAG

aiiA for GCCATATGACAGTAAAG

aiiA rev CGCTCGAGTATATABTCWGGGAAC

egfp rev CCCTCGAGTTACTTGTACAGC

eafo for ACTAGAGAAAGAGGAGAAATACTAGAT
gip CCTCACGAAGGGC

egfp for2 GCAAGAACCTGGTTTGTTATAGTCGAAT

AAATACTAGAGAAAGAGG

egfp for3 GCAAGCTTACCTGTAGGATCGTACAGGTTTACGCAAGAAAATGGTTT

Primers used for RT-qPCR

egfp forl TTGATGCCGTTCTTCTGCTTGTCG

egfp revl CGCAGCAGGATCTGGTTAATCTCTTC

rrsA for GCAGGCAGATGTGGTGGTCTACGA

rrsA rev CTTCTTCATACACGCGGCATGGC

The restriction sites for cloning are underlined.

PCR #3145 PCR W 45144 : 95 °C 5min; 95 C 1.2.3  AiiA FEARFIE LR E R

1 min, 53 °C 1 min, 72 °C 1 min, #f7 30 P& RN pATIA AR KA E Toplo
¥/; 72 °C 10 min, PCR ¥ ¥mis, Hl t, S AR LB AR TR, A
Nde I /Xho I AUEGYI, 3% 4 3 28 [FI A il U0 b 21 Y JE74 100 pg/mL HYZ N FHER, 37 T 200 r/min
KA pBAD/Myc-HisA , ME TR pAIIA  HiFR % ODgoo %55 0.6 AT, IATEZ5 L -l
(B 1) TR A T2 - 3L egfp #535 PR, KW N 1%, HEFEFHEFE 10h, &

(4 T OBRZE B, AMEAVERRE B AR, KR
O, BCEIE WU SDS-PAGE Kl 25 A it #3k

araC g~ aii T
pAIIA # 1 mL E. coli Topl0 (pAITIA) A FH A Hi

(4 832 bp) ok
BRm HoKPES 3 WEH 495 ul KUV ZEMEFN 5 pL
P

ori mp AHL BRIR A, AHL Z9% %4 2 mmol/L, 37 C
1 F&%i pAllA #0 pLPE [Big FNE 10 min, JW R 28 i 3V R 250 AL B R
Fig. 1 Map of plasmid pAIIA and pLPE. LI EAb#, HPLC ﬁ*ﬁ@lg‘*fjﬁ Waters C18 J |n]

cjb@im.ac.cn
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EIEFE, FER S 25 °Co WiahAH A W ddH,0 (3
RN 0.1% L1R), TshHl B ki
ROMG A WA B IRMILLGI R 32« 68, 224
M2 N 15 S H = O B IEIR] 4 504 4.9 min AN
3.9 min, AN ST E N EE SRR 1 pmol
AHL Frifi W o
124 FOERBER

B 1 mL i SR E AL #k E. coli Topl0
(pLPE) ®i¥&, LA E. coli Topl0 FERIEXTIE, HL
2 L WO AE T B A b, B w
JCAERE S b, ORI 25 2R TR, T 2¢
ST LSS, e 1004, 10xHEE,
FETT WG T R LT, UL AN T S K
FE, ARG ARG, sikut, Saudtig
RWAH 485 nm, FARRAE .
1.25 FOERERNE

AR S 56 2544 T B E AL B % E. coli Top10
(pLPE/pAIIA) ZH LG TR 200 uL # T 96 fLAk,
L E. coli Top10 F&¥AEXTRE, M2 A% fh 7E 485 nm
NG, AHFEARFIE 3 IREBCEIE ., X
FXF SR B = (TP 9 E0m B X BR P 9
JE )% BB 9 6 5m EE
1.26 & RNA BB H R %

ARSI A T R EAFE E. coli Topl0
(pLPE/pAIIA) [y 5 RNA 2 BUH% 40 g 40 7
RNA B & i B ik 7. PAZid DNase |
AEPEILR) RNA Wit , PEHK egfp forl 5 egfp
revl. rrsA for 5 rrsA rev 2 Xt 5| ¥jiE— 50 0E B
RNA HfJC DNA i54¢, Z5E)5 LA JC DNA 75
JLi S RNA SE1 73 S I - 4% i Quant cDNA
S8 G MR S UL B #EfT RT-PCR, FUWAA
Z M : 10xRT Mix 2 pL, Super Pure dNTPs

http://journals.im.ac.cn/cjben

(2.5 mmol/L each) 2 pL, Oligo(dT);s 2 uL, %%
M 1 pL, RNase-Free ddH,O 12 pL, #ifz RNA
1 uL, SRR 20 uL, VAR 37 CHH
60 min,

127 RT-gPCR
L E. coli Topl0 H? rrsA KPR FREY, #

ML F BN 90 bp 24, FiBR SYBR
Green Realtime PCR Master Mix 7] &5 15d B 45 3¢
7 RT-gPCR., JZJW 1A % 7:2xSYBR mix 12.5 uL,
cDNA f5fl 1 puL, 51445 0.25 uL, ddH,0
11 pL, BMAFL25 uL. RMZRAFH: 95 C 60 s;
95°C 15s, 55°C 15s, 72°C 30s, fE¥F 40K,

AR I BT 20 min, B HESE A 7 AR AR S AL
% DNA. MR EESE 3 IR, RT-qPCR 459 R H]
2 AR R AN LR Y CAE RS T E BT

2 BEREAHN
21 HFFREZITEIRILERE

5 H LR B 1 R IR SRR, TR
(T B E RS B 4 i 40 i PN 38 0k B 1) 2 1 R 3
K-, SEEUE E A E W, Nifa B FrsEE
Wy B3E A4 v OB AN [R) 1) 22 35 KO X 1R
PRI HER R, T A A K i R By
BOCB LR py 2k, AT G P 35 18] BT Ak iy 4
WHE RS . WA V. fischeri ES114 th2: &
ROV Lux REGLAKAG S50 F AHL FEAFIGS A4
W2 TR T — A BT DL s 0 3 TR 2 R kK
KT B 2 R TR RS T IF SE R A
JCE, TAEFEHANT . fEgiit Kid g, AHL
B BRI lux) 7% 5%, BIEG UE M Lux],
R HEA G S F AHL. AHL AT LLH f A4
MR, FEANAE N FNZ0 IRl #, 24 AHL 55—
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FEWRER, 5 LuxR WHEEASSERE &Y
LuxR-AHL, ZE AW LLEIE Py Ji sl FHE
THRHEEL S, RN E A REE P, sy
FHRAETF “on” MR, HTEL L HAREAE
R, IMAVERY), Ja5h ailA b, BRG E
F1 5T AHL RS, 50f% AHL, FEIRIREEA AHL
(M, HETT 53k LuxR-AHL A W4 8, iR
FREONE, MR TR O T Coff” ARAS. @

LuxR

IS “on” AN “off” ARSMIMI, B LUK
P T FRIEAKOE . S TR 4 K
RO, AT PRS2 EGFP /RN
LR AT, HeAh, 5 RN R
FATE R A T AR R Y oTF aiilA il Lux
ARG E T — A M s A R 400, 76 5% 5 Fn
PEIKT ARG 36 43 T 5 X6) 8 I PR 3 38 1) 52 B ol

/ Luxl;-AHI \
“@ Off”
LuxR o
| amr®——) EGFP
Lu)gI . ,,,S"?‘,' 3 \i
xR R egfp
lecl Pluxl
AiiAA

N

Qabi_pbie Pui /

2 “On” . “Off” tHETR—MIERREREE

Fig. 2 Schematic diagram of molecular switch mechanism.

22 SFFXRF “Off” THMEE
221 aiiA RHEKTEE

W5 SCHRARGE — AL RERRIA Y aiiA FEDR 51
PEAFRIIR EE X, K B 2 4 25 T B A AN [ IE
W AETER aiiA R o AR R H 45 SR it
] 3514 aiiA for 1 aiiA rev, LA B. thuringiensis
CGMCC1.792 J£[H 4 DNA MBt 91, 15
B T —%% 753 bp ML R B, i Be LA e
TH R R EHE o IR 1 2 11 5T A A T (R L
XF, RIS ZEMUATA 240B1 Hor B A ALlA &
FERR Y 5 B [ R 90% o

2.2.2 aiiA ZEFE E. coli ik KT Al

FeRETTTL 1.2.1 SRR T kL pATIA,
W Bk A F) E. coli Topl0, fimA L-Bilhiffrkise
I kil , WA, i#47 SDS-PAGE Bt
HLPKRI o 5 R15 S A0MAH L, 5505 i 40 i B
BE2H—A%0, K/NR 28 kDa A4, SHM
AT B EAMA, YU aiiA JEE T LITE
E. coli H3%i5 (A 3).

WO 1.2.2 Fios iy iR A G S R
E. coli Top10 (pAIIA) WERMEME, SN 10 min,
AR OB R ANATE, EVEZ 0.22 um

cjb@im.ac.cn
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kDa M 1 2

w

43 —

s1— -
26— W

B 3 aiiA ERE¥E E. coli f3KikAR) SDS-PAGE
Fig. 3 SDS-PAGE analysis of aiiA gene expression in
E. coli. M: protein marker; 1: induced E. coli BL21
(pAIIA); 2: uninduced E. coli BL21 (pAIIA).

s ugJn , 4T HPLC A, IEH) AHL £ B it
[ 4.9 min, A0AE-5 YR AE BUAY P ) f4 £
FEISTA] R 3.9 min, AR B SO0 i P IS 40
MR o AT WA, B E DR B I )
3.9 min Y RIEY) AHL NER IR KA I 10 7= 4)
(K 4y s RIS A AllA A HA
HEALTE M, 2a RN el ae ol
200 umol/(min-mL) & .

23 HFFERF “On” THRIHE
BT EF R, AR SRR AR 0 O R
EGFP ML, RN egfp B TG 3IF Pua
Mtz T, A AZRHAZE &7 5] rbs.
AR FES L 1.2.1 B E LR pLPE $% A
E. coli Topl0 Bz 4M, PREUHAEIATE LB K
RRE IR RS R, 0 PR AT D R 52 5
Gt (K sA), et A T A R4 &
ekt (Kl 5B).
2.4 FEBEKFER S FFFRIIEERE FRIKITH
BT IFE “on” Ml “Off” JofFiit7elA
— 4l RPN SR pLPE FT pATIA % A
FFE—AiE, WEREHR E. coli Toplo
(pLPE/pAIIA). ¥4 FFF& “On” Hl “Off” Jt
PR AR AN, o B BRSOk pLPE 1

http://journals.im.ac.cn/cjben

pAIIA 73 5l NS KIAFFEE Toplo, RA
E. coli Top10 (pLPE) #1 E. coli Top10 (pAIIA).
E. coli Topl0 (pLPE/pAIIA) VA K IR 4 B4R

O O AiiA o O OH
/\)\)LI}\{J:}) o~ N OH
O O
mv | mv |
180.0 |- A 180.0}-B
1200 | l\ 12007 /\
60.0 - 60.0 :\(J k/v
00 Il Il 1 L 1 00 1 1 1 1 1
2 4 6 8 10 2 4 6 8 10
¢ (min) ¢ (min)
100 4 C (M-H) 1230.1040
O O OH
- [N OH
= 0
0 |

50 100 150 200 250 300

m/z

4 AiA ZBELFEHSHN

Fig. 4 Analysis of AiiA protein catalytic activity. (A)
HPLC analysis of AHL. (B) HPLC analysis of reaction
product. (C) LC-MS analysis of reaction product.

5 ELHFEH E. coli Topl0 (pLPE) e yt4am

Fig. 5 Fluorescence detection of recombinant strain
E. coli Top10 (pLPE). (A) Image of the centrifugal cells.
(B) Image of the cells observed by fluorescence
microscope.
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FEA 30 pg/mL A KM 100 pg/mL & N5 5
R LB R IARE IR, WG G % 0.2%%%
P A BB &) 100 mL FHAERM LB 547
b, S TR Sy F R OCHE T EGFP RIAFCR

SrE R IR (0 by, XECERFH (5 h)
A 1% L-BFTHiAE YR 3 AHL [
AA [IFRIE , DA IR 5 59 (R 35 5540 R Xk
M, EBTHURE, DE A% B2 (ODeoo), %A=
K4k, JEn A N #E 2R 1 EGFP (135 1
R, BB EGBES] ODeo=0.2, H
Z Y RERFHR I 2 DGR EE o BRI 3 20

A z
2 1.2 —+=0ODyy 1 12 %
S r—=—Fluorescent =1
S e
= 0.8 8 §
2 s
] =]
C 04 4 2
! 2
© = 74 | R g
O 0.0 == ! 0 '%
4 8 12 16 ~

t(h)
B 2
S —=0Dy 1 Z’
S 1.2 r—=—Fluorescent 13 2
=
Q L 1
208l 21238
5 L R P
=] 5]
o | 1,2
> r 1 =
O 0.0 1 L 1 1 1 1 L L 1 1 L 0 §
2 4 6 8 10 12 &

t (h)

6 BEHEMEAREARFHTHEKRHBER
EGFP ZRi& 4

Fig. 6 Growth curve and expressed EGFP fluorescence
intensity testing of E. coli Top10 (pLPE/pAIIA) (A) and
mixture culture of E. coli Topl0 (pLPE) and E. coli
Topl0 (pAIIA) (B) under the different experimental
conditions. 1: uninduced; 2: induced at 5 h; 3: induced
at 0 h.

5, THESEE. B 6A K 6B s &
FHHE E. coli Topl0 (pLPE/pAIIA) HI iR #i
(E. coli Topl0 (pLPE) #il E. coli Topl0 (pAIIA))
() 20 M A= KA L LA S 43 F-FF %) EGFP 2Rk i 4
ThIRCR

MIE 6A HE] L, E. coli Topl0 (pLPE/pAIIA)
DS N L B S N 172 S | I A (R s
T —HEHATF “On” RE, EGFP EIHEE
IRV 5 40 ) A 7= 2R R AR e . TR Ak T
SRR, EGFP ekt S BLPGHEI n,
A KU AFRE WG, EGFP AYAHNS 2 a8 B
ANFEHEIN, HERELE 10.5 Z247 o WRAE 4N AL K )
W AE F57, T AHL B AiiA (9335
TR A K R S BN (E 54+ AHL #
PREIH#, EGFP BYFRIAFERAAK Ak T
JEFARAACE:, B IR T “Off” ARAS.
TEAMMIAER 5 h R INAFE Y, AT LAERIHT S h,
EGFP 315 5 g = ih 2 2 e AHoer:, s
U A1 M A4k 2 A K 0 AR K L R R e
1, (A EGFP MAHXT 200 B AR GERE A . 1
I AT DL R IR ) 2R 3K B T I 5 A ) A K
WUIAADG, SZRFEON ], T — B AE S,
A DL R O 28 1 S R Rk

M 6B HH[ L, E.coli Topl0 (pLPE) il
E. coli Top10 (pAlIA) IRAIEFAT, K& AlA 1Y
Fik GERL N 1) FRIBATEAL TRl — 4, SR 2
ER 8 AlIA FFRIA AT L OGP HE LA (1)
ik, X5{E50F AHL AT LUEZHM] [
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HICAT O, TCieke o F IR o6 “On” Joft.

“Off” JUMFE T A — 4t M IR sl 2 A A 248 ff
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SE TS R 12RO . 2o I R HAT
HEL R BRI R
2.5 mMRNA KFE#ELE 5 F FF KIZHIB R

DL B g5 S R B KO B IRl 41 6
P HARE I RIB AR, e+
TFEM PR, i RT-qPCR A 4>T
TFoe P egfp AO%E SRR,

E. coli Top10 (pLPE/pAIIA) 7ER:FEidFEH,
SYHIFE 0 h F1 3 h ARSI, DA S:Y1E
xR TEAN B S AR AN RIBRI AL (2 b
3h, 32h, 34h, 3.6h, 4hF110h) BEE,
B ZMFHE (ODgo=0.1) Ji7, $2HU mRNA, 5
¥ JC DNA {544)5 , ifiid RT-qPCR 64 egfp JE A
(e SRR, e RKIGFFIEIY rrsA JER NS
FN L E 7 BRI egfp A BITEA TR IS
Y1, DAK 0 h 3 h SIS S A
mRNA KRS 2E R B I, FE4i s
HWFEARFEFEO T, egfp I AN S K PAE
2 h F| 4 h Z AT 5 S 20 Ak T 0 oA
W, A RBACERRE R, FERAE SRR . 10 h
AL AL T A K FE B, A ARG, DR %%
SACE AN FEAR . Z0MAE KBTI (0h) BFIA
FEY), AA JFIRRIR, BUE AHL {55501k
FEIRAE SR M LuxR 454 ik (sME, fr
LA egfp JEE AN EE ST SRR FE AR AR IS
Ko iIEESE 3 h JE SSRGS, egfp KL
(AR 54 5K SF7E 3.2 h FUAE 3 h B TR, 25
BT TR BENRIINAGE R, AiliA & %5
T B A MR R, FULR A U AlA
BB, AHL {5550 110G U R T R
B, TINS5 egfp &R AR X 5%
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KFRIA S A T . MG B Z 1 AliA
B, P AE S5 EEREAR, f#BR EIRRLN,
egfp JE R R A TG SRS FRAIR . LR Sai o R4k
A 43— I 56 X B 5 TR 2 1 2 3 KT 1 o 2
2o PF A7 1 4t P B L P mRNA KPS

OUninduction
200 Binduction at 3 h
150 rminduction at 0 h
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level of egfp

Relative transcription

D
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2 3
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7 FEHEFEMT eofp EEFERKTFEN
Fig. 7 Analysis of the transcriptional level of egfp
under the different culture conditions.
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SRR N R, W AR5 20T AHL 9T
PERBON LR N R . AR R 1T
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M, B R S A, 2T T OCHR
AT ROt B A iRk . KA
LI AFS T 700 B IR E] e T S Bk 1 R
il #EEE B FRIB K. % T SR HA fE
RGP RBR A . ALV T I RA
W T A W A A FP O BRI A ) 9 2 10K
Fxt AR U, n T AR AR K Y
i 5E B B 5k AT TR A 8, DA T S PA B K]
JIr Ak B A 3
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