TRAE SRR Aug. 20, 2018, 45(8): 1693-1704

Microbiology China http://journal s.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china. 170847

R EREE LER RS TRIME
MM 2 RERS AW BERD KA KEALY

(1 310018)
@ 300308)
3. 300308)

B E: (HF]) 2o TS REALERZRM IR RENFE A K IZQFE, RKEZER B
FAEZ eI R — AR AR R AR TRAX—F., [B8) ABLERE LR BT
iR SE, AR EL G xR BB FHATMEFRN. [FE] AT 4 R4
9 IR E tetO. SLAE lacO. FT321a4% araC A= R, 248 rhaR 449 /5 7, VAR 2 Fv kR4 & 3hF PL #= Plac
F3), &t R b T 6/~ B3F PtetO2. PtetO3. PlacO2. PlacO3. PlacO+ara#= PlacO+rha.
J2 Al CRISPR/Cas9 % 445X 6 AN B 3h T 47| 5a-3| K MAT A ATCC 8739 £ &k b, AIRLER
3.7 & (Green fluorescent protein, GFP)# & &, 54X 6 4B 3T 49 AT A 3% 5 Ao 2 1 A 45 41
Hol, [4R] GFP 23X o4 R 7, B3)-F PlacO+rha 4 & iE /R Bah-F, ELiFFH A REL
# 0.02, HiFEFH IR KEARE A lacZ LB B3hF65 1245, AxtiE458 B A 60042, [44])
B 4 RN A R TAEF SR AW F P 69AE s A1 R B R A B E BTG 5 R Ak,

KR A, BT, ERAEA, KWATA

Construction of promoterswith tight regulation on chromosome of
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Abstract: [Background] The leakage expression of promoters is a major concern in metabolic
engineering and synthetic biology. To explore promoters with tight regulation like a switch would
resolve this problem. [Objective] In order to avoid the shortcomings of using plasmid as research
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auxiliary, the aim of this study is to construct and assess promoter with tight regulation on
chromosome. [M ethods] Four elements including tetO, lacO, araC and rhaR regulated by TetR, Lacl,
AraC and RhaR respectively, were selected for designing six promoters including PtetO2, PtetO3,
PlacO2, PlacO3, PlacO+ara and PlacO+rha. CRISPR/Cas9 system was applied to integrate these
promoters into chromosome of Escherichia coli ATCC 8739. Promoter strength and relative
expression with or without inducing agents were determined by the fluorescent quantities of GFP
protein. [Results] Hybrid promoter PlacO+rha was the best one with tight regulation. The expression
strength of PlacO+rha was 0.02 in absence of the inducer, and the maximum expression intensity was
12-fold higher than that of the induced lacZ promoter, of which the range of expression level was
600-fold. [Conclusion] This study would provide a good foundation for precisely regulating gene
expression in metabolic engineering and synthetic biology.

Keywords: Tight regulation, Promoter, Green fluorescent protein, Escherichia coli
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6 PtetO2
PtetO3 PlacO2 PlacO3 PlacO+ara PlacO+rha
1 y S T
CRISPR/Cas9 6 MRS TR
ATCC 8739 11 EMFKRIE
GFP 6 1
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Tablel Thestrainsand plasmidsused in thiswork

Strains and plasmids

Genetic characteristics

Source

Strains
E. coli ATCC 8739
M1-46
S-PlacZ
S-PlacO2
S-PlacO3
S-AaraBAD
S-PlacO+ara
S-ArhaBAD
S-PlacO+rha
S-tetR
S-PtetO2
S-PtetO3

Plasmids
pUC57-Kan
pPACY C184-M
pRed_Cas9 ApoxB300

pCmGFP
pSC101
pGFP
placz

pAlacZ-PlacZ-gfp
pAlacZ-PlacO2-gfp

pAlacZ-PlacO3-gfp
pAlacZ-PlacO+ara-gfp
pAlacZ-PlacO+rha-gfp
pAlacZ-PlacO+tetO2-gfp
pAlacZ-PlacO+tetO3-gfp

pAaraBAD-N20

pArhaBAD-N20

pArhaBAD::M1-46-tetR

pRedCas9

Wild type

ATCC 8739, FRT-km-FRT::M1-46::lacZ

ATCC 8739, AlacZ-PlacZ-gfp

ATCC 8739, AlacZ-PlacO2-gfp

ATCC 8739, AlacZ-PlacO3-gfp

ATCC 8739, AaraBAD

ATCC 8739, AaraBAD, AlacZ-PlacO+ara-gfp,

ATCC 8739, ArhaBAD

ATCC 8739, ArhaBAD, AlacZ-PlacO+rha-gfp

ATCC 8739, ArhaBAD::M1-46-tetR

ATCC 8739, ArhaBAD::M1-46-tetR, AlacZ-PtetO2-gfp
ATCC 8739, ArhaBAD::M1-46-tetR, AlacZ-PtetO3-gfp

plac, ColEl, kan

cat, replace tet with lacl and Ptrc of pTrc99A-M

Derived from pKD46, exo, bet, gam, arabinose operon, Cas9, gRNA with N20 and
with homologous arms

A plasmid containing gfp gene

tet, SC101, repA

A plasmid modified from pCmGFP by removing the Bsa | restriction endonuclease
site of gfp gene

cat and P15A from pACY C184-M, N20-gRNA targeting lacZ gene expressed under
constitute promoter, lacZ gene and its up and down homologous hand

lacZ gene was replaced by gfp gene using placZ-N20 as template

Pnative-lacZ promoter was replaced by PlacO2 promoter using pAlacZ-Pnative-
lacZ-gfp as template

Pnative-lacZ promoter was replaced by PlacO3 promoter using pAlacZ-Pnative-
lacZ-gfp as template

Pnative-lacZ promoter was replaced by PlacO+ara promoter using pAlacZ-Pnative-
lacZ-gfp as template

Pnative-lacZ promoter was replaced by PlacO+rha promoter using pAlacZ-Pnative-
lacZ-gfp as template

Pnative-lacZ promoter was replaced by PlacO+tetO2 promoter using pAlacZ-Pnative-
lacZ-gfp as template

Pnative-lacZ promoter was replaced by PlacO+tetO3 promoter using pAlacZ-Pnative-
lacZ-gfp as template

cat, P15A, N20-gRNA targeting araBAD gene expressed under constitute promoter,
the up and down homologous sequence of araBAD gene, which used for deletion ara
BAD gene

cat, P15A, N20-gRNA targeting rhaBAD gene expressed under constitute promoter,
the up and down homologous sequence of rhaBAD gene, which used for deletion
rhaBAD gene

M1-46-tetR gene was inserted between the up and down homologous sequence of
rhaBAD gene, which used for integrated tetR gene

kan, Pgap-cas9, Psap-Red-recA, repA101(Ts)

Lab collection
[8]
Thiswork
Thiswork
This work
This work
Thiswork
Thiswork
Thiswork
Thiswork
Thiswork
Thiswork

Lab collection
[13]

[11]

[14]

Lab collection
Thiswork

Thiswork

Thiswork
Thiswork

This work
This work
This work
This work
This work

Thiswork

Thiswork

This work

(11
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12 EFEPIRE R &G
LB (g/L) 5.0 10.0
10.0 15.0 ( )
37°C 250r/min

1.3 FERFIF{LEE

Sigma-Aldrich
100 pg/mL
50 ug/mL 34 ng/mL IPTG
L(+) L(+) PCR
Phusion T4 DNA
Bsal NEB TransT1
Sigma
TECAN
Bio-Rad
14 BEhFEK
6 PtetO2 PtetO3 PlacO2 PlacO3
PlacO+ara PlacO+rha ( RBS 2)
pUC57-Kan
20-30 bp

5-TGGTTAATGACAGTGGGA CGggtctca-3'
5'-tgagaccAACCTCGGCATTGCGTAA-3’
Bsal
15 RBEIFRNEE
1.5.1 &I pAlacZ-PlacZ-gfp B

pAlacZ-PlacZ-gfp Placz
ofp lacZ N20-gRNA

pAlacZ-PlacZ-gfp placZz

pGFP
placZ cat
P15A lacZ lacZN20-gRNA
lacZz
cat P15A

pACY C184-M[* N20-B-F1/
N20-B-R1 lacZN20-gRNA

pRed_Cas9_ApoxB300™ lacz-
N20-B-F2/N20-B-R2 lacz
E. coli ATCC 8739 DNA
lacZ-Fl/lacZ-R1 3 Golden
Gate [16] TransT1
N20-B-Y Z-F/lacZ-R1
DNA
placZ
PGFP ofp ofp
Bsa | Golden Gate
pCmGFP gfp Bsa l
pCmGFP

Gfp-GGA-F/Gfp-GGA-R (

) PCR Dpn
TransT1 DNA
pGFP
2
pAlacZ-PlacZ-gfp placZ

lacZ-B-F2/lacZ-B-R2

cat P15A lacZN20-gRNA
PlacZ lacz
pGFP ofp-F/gfp-R
ofp Golden Gate 2
TransT1
lacZ-F1/gfp-Y Z-down200
DNA

pAlacZ-PlacZ-gfp

2
152 BaiFRIERKN ARG palacZ-Pxx-gfp #Y
ke
6 PtetO2 PtetO3 PlacO2
PlacO3 PlacO+ara  PlacO+rha
Promoter-F/Promoter-R
PCR 6

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1697

®2 FARFTANSIEBETHFS

Table2 Primersand regulatory parts sequences used in thiswork

Primers and regulatory parts

Sequences (5'—3)

Construction of placZ
N20-B-F1
N20-B-R1
lacZ-N20-B-F2

N20-B-R2

lacZ-F1

lacZ-R1
Construction of pGFP

Gfp-GGA-F

ofp-GGA-R
Construction of pAlacZ-PlacZ-gfp

lacZ-B-F2

lacZ-B-R2

ofp-F

ofp-R

Constructing plasmid with designed promoter

Promoter-F
Promoter-R
GFP-B-P-F1
GFP-B-Plac-R1
GFP-B-Para-R1
GFP-B-Prha-R1
GFP-B-Ptet-R1

Detecting promoter with gfp integration
N20-B-YZ-F
lacZ-Y Z-up
gfp-Y Z-down200
araBAD-Y Z-up
rhaBAD-Y Z-up

Construction of pAaraBAD-N20
araBAD-N20-B-F2

araBAD-F1
araBAD-R1
araBAD-F2
araBAD-R2

CCAGGTCTCAGTGCGCCATGAGAACGAACCATTG
CCAGGTCTCAGCTAAGATCTGACTCCATAACAGAGTACTCGC

CCAGGTCTCATAGCTTTACAGGGCGGCTTCGTCT
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGC
CCAGGTCTCAACCGCTGGCTAAATACGGAAGGATCT

CCAGGTCTCACGGT GGATACGACGATACCGAAGA
CCAGGTCTCAGCAC TGACTTTCTCAATAAATGCCTCTAC

GGACCACATGGTCCTTCTTGAGTT
CCATGTGGTCCCTCTTTTCGTTG

CCAGGTCTCA CCAG TAATAACCGGGCAGGCCAT
CCAGGTCTCAAGCTGTTTCCTGTGTGAAATTGT
CCAGGTCTCAAGCT ATGGGTAAGGGAGAAGAACTTTTC
CCAGGTCTCACTGG TTATTTGTATAGTTCATCCATGCC

TGGTTAATGACAGTGGGA CGggtctca
TTACGCAATGCCGAGGT Tggtctca
CCAGGTCTCATACCATGGGTAAGGGAGAAGAACTTTTC
CCAGGTCTCATATATCACTGCCCGCTTTCCAG
CCAGGTCTCATATGTCACTGCCCGCTTTCCAG
CCAGGTCTCAAGATTCACTGCCCGCTTTCCAG
CCAGGTCTCAATTTTCACTGCCCGCTTTCCAG

TCGAGTAAGGATCTCCAGGC
TGGTTGCCAACGATCAGA
AAGTCGTGCCGCTTCATA
GATTTCTGCGTCGGTCATT
AAAAGTGGTTACTGTCGCTGAA

CCAGGTCTCATAGCGCACATGGCGGTCGTGAGTTGTTTTAGAGCTAGAAATAG
CAAGTTAAAATAAGGC
CCAGGTCTCACGGTCGGACGAAAGTAAACCCACTG

CCAGGTCTCACGGCAGTGTGACGCCGTGCAAATAAT
CCAGGTCTCAGCACGGTTTCGATGCTAACCACGAC
CCAGGTCTCAGCACGGTTTCGATGCTAACCACGAC

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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Construction of pArhaBAD-N20
rhaBAD-N20-B-F2

rhaBAD-F1
rhaBAD-R1
rhaBAD-F2
rhaBAD-R2
Instruction of pArhaBAD::M1-46-tetR
rhaBAD-B-F1
rhaBAD-B-R1
M1-46-up-F
M1-46-down-R
tetR-F
tetR-R
p-up
Synthesis promoter

PtetO2
PtetO3
PlacO2
PlacO3

PlacO+ara

PlacO+ara

( 2

CCAGGTCTCATAGCTIGTTTCCGGTTTTGAAAACTGTTTTAGAGCTAGAAATAG
CAAGTTAAAATAAGGC
CCAGGTCTCACGGTCTTTTACGCAGCAAGAGCAG

CCAGGTCTCAAATG GAACGTGATGATGTTCACAATTT
CCAGGTCTCA CATT ACTCAGTCCTGGTTTGTC
CCAGGTCTCAGCACCGGGAATACCACCAGACACT

CCAGGTCTCACGCACATTACTCAGTCCTGGTTTGTC
CCAGGTCTCAAGTGGAACGTGATGATGTTCACAATTT
CCAGGTCTCACACTTTATCTCTGGCGGTGTTGAC
CCAGGTCTCAAGCTGTTTCCTGGTTTAAACC
CCAGGTCTCAAGCTATGTCTAGATTAGATAAAAGTAAAGTGATTAAC
CCAGGTCTCATGCGTTAAGACCCACTTTCACATTTAAGT
TTATCTCTGGCGGTGTTGACA

AAATCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATACTGAG
CACATCAGCAGGACGCACTGACCTTCACACAAGGAGATATACC (97 bp)
AAATCCCTATCAGTGATAGAGATTGACATCCCTATCAGTGATAGAGATACTGAG
CACATCCCTATCAGTGATAGAGATTCACACAAGGAGATATACC (97 bp)
TATAAATTGTGAGCGGATAACATTGACATTGTGAGCGGATAACAAGATACTGA
CCACATCAGGAGGACGCACTGACCTTCACACAAGGAGATATACC (97 bp)
TATAAATTGTGAGCGGATAACATTGACATTGTGAGCGGATAACAAGATACTGA
CCACATTGTGAGCGGATAACAACCTTCACACAAGGAGATATACC (97 bp)
CATAGCATTTTTATCCATAAGATTAGCGGATCCTAAGCTTGACATTGTGAGCGG
ATAACAATATAATGAGCACAATTGTGAGCGGATAACAACCTTCACACAAGGAG
ATATACC (114 bp)
ATCTTTCCCTGGTTGCCAATGGCCCATTTTCCTGTCAGTAACGAGAAGGTTTG
ACATTGTGAGCGGATAACAATATAATGAGCACAATTGTGAGCGGATAACAACC
TTCACACAAGGAGATATACC (126 bp)

N20

gotctc  Bsal

Note: The underlines represent the N20 sequence of the targeting gene; The Bsa | is represented by lowercase letters (ggtctc).

pAlacZ-PlacZ-gfp PCR TransT1
lacZ-F1/gfp-Y Z-down200
GFP-B-P-F1 DNA
GFP-B-Plac-R1 PlacO2 PlacO3 pAlacZ-PtetO2-gfp pAlacZ-PtetO3-gfp pAlacZ-
GFP-B-Ptet-R1 PlacO2-gfp pAlacZ-PlacO3-gfp pAlacZ-PlacO+ara-
PtetO2  PtetO3 ofp pAlacZ-PlacO+rha-gfp
GFP-B-Para-R1 ~ GFP-B-Prha-R1 1.6 CRSIPR/Cas9 AR Esh FREEHREHK L
PlacO+ara  PlacO+rha CRISPR/Cas9
lacZ
Golden Gate lacZ ofp (31
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pRedCas9

—_—— e

Figurel Promoter integration into chromosomes by CRISPR/Cas9
Note: A: Co-transformation of pRedCas9 and pAlacZ-Pxx-gfp into target strain; B: With the help of pRedCas9, promoter with gfp was

inserted and replaced lacZ gene.

PlacO2 PlacO3 pRedCas9
pAlacZ-PlacO2-gfp
pAlacZ-PlacO3-gfp E. coli ATCC
8739
30 °C 2mL LB |
2% L(+)- ] 30°C
250 r/min
DNA LB [2%
L(+)- 130°C 10
lacZ-Y Z-up/gfp-Y Z-down200 PCR
PCR
PlacO2  PlacO3 S-PlacO2
S-PlacO3
pAlacZ-Plac-gfp Placz-gfp
S-Pac

PlacO+rha
S-ArhaBAD (

PlacO+ara
S-AaraBAD
1.7)
PlacO+ara-gfp  PlacO+rha-gfp
S-PlacO+ara S-PlacO+rha
PtetO2 PtetO3
a8 )
PtetO2-gfp  PtetO3-gfp
Stet02  StetO3
1.7 araBAD #1 rhaBAD EFE #I&L 4
araBAD

S-tetR

placZ
N20-B-F1/N20-B-R1
cat P15A
araBAD-N20-B-F2/N20-

B-R2 araBADN20-gRNA
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E. coli ATCC 8739 DNA

araBAD-Fl/araBAD-R1 araBAD-F2/araBAD-R2

araBAD 4
Golden Gate [16] TransT1
N20-B-Y Z-
F/laraBAD-Bsal-R2
DNA pAaraBAD-
N20 E. coli ATCC 8739
CRISPR/Cas9
pRedCas9 pAaraBAD-N20 araBAD
S-AaraBAD 1.6
rhaBAD pArhaBAD-N20
rhaBAD araBAD
araBAD
S-ArhaBAD
1.8 tetR EEMES
pArhaBAD-N20
rhaBAD-B-Bsal-F1/rhaBAD-B-Bsal-R1
M1-46 14
M1-46-up-F/M1-46-R M1-46
pSC101 tetR-F/tetR-R
tetR Golden Gate 3
TransT1
N20-B-Y Z-F/tetR-R
DNA
pArhaBAD::M1-46-tetR E. coli ATCC 8739
CRISPR/Cas9
pRedCas9 pArhaBAD::
M1-46-tetR tetR
S-tetR 1.6

19 B FHEMNRIEEESHTEXLEHE
P

i

37°C 250r/min
37 °C

1mLLB
1% 1mL LB
250 r/min 1h IPTG (

0.1 mmol/L) 3h
200uL 96
ODss =( -
)/OD 5 uL
100
GFP 488 nm
520 nm Gain 60 Exposure 400 s
Gain 10 Saturation 10
2 &R 55%
21 BEFENgIt
RNA
7 RNA
Plac
RNA
RNA
( ) RNA
-10 -35
-35 IV =10 -35
I -10
] RBS |
2 (PL  Plac) 4
tetO lacO ara rha ( 2
(AVARII| I
A PL
cl [18]
tetO v
11 cl 97bp PtetO2
tetO PL v M1
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t tetO d I tetQ)——
PI g AAATCCCTATCAGTOATAGAGA | THGALCALTOCC EATCAL TGALALA t‘r,‘\(‘-('»‘\(‘:‘\L(':\(i('t\(i(i:‘\( GUACTGACCTTCACACAAGLAGATATACC
y f tetQ { 1etQ)— —tetQ ——
] ey AANTCCCTATC AT TGATAGAGA | TTOACATCCUTATCAGTOATAGA (h\(i(‘/\l‘t\l CUCTATCAGTGATAGAUATTUATACAAGGAGATATACT
| lacO ] lacO) ——

Pl el INTAAAL TG IGAGUGGHATAACA | TTGACA T TGIGAGUUOATAACAA [GATACT [GACCATATCAGGALUACUCACTGACCTICACACAAGGAUATATACT

—TlacO —— F——lacQ —

—-Ilac0——

])l 1 FATAANTTGTUAGCGOGATAACA FTGACA] FITGHGAGCGUHA TAACAA [ GATAUT JOACCATA T TGAGCGGA TAAUAACCTICACATAAGGAGA LA LALT
it b3

} ara

lacO—

p——-1acO ——

Pl'\&( Fura CATALCATTTUTATOCATAAGATTAGUGHATUC l,-\.\(?t‘ TTGTOAGCGLATAAUAS Cw‘\h('f\l AA TG LGAGUGOGA TAACAACU L TCACACAAGUAGATA TATT
f rha | I lacO — b lacO ——
I)l'r Gerha ATCTTTCCCTORG T TGO CAA TGUOUCATTT IO C T TUAUTAACGAGAAGG T TITGACA L TIGTGAGUGLATAATAY GAUCAUAATTGTOACCGOA TAAM AAUCTUAUATAAGGAGATATACT

2 BEIFRFINRT

Figure2 Design promoters

Note: The —10 and —35 hexamers are boxed and the transcriptional start site is dotted. Bars indicated the binding site of LacO (lacO),

TetO (tetO), AraC (ara) and RhaR (rha) in promoters.

I 97 bp
PtetO3 lacO PL
v 1l v ur
PlacO2 PlacO3 Plac
lacO I Il
ara v 114 bp
Plac+ara rha v
126 bp  Plactrha
22 BEITHREERES
CRISPR/Cas9
6 PtetO2 PtetO3
PlacO2 PlacO3 PlacO+ara PlacO+rha
Plac ofp
lacZ PlacZ-lacZz
(1 1.6
PlacO2 PlacO3 Plac ofp
E. coli ATCC 8739 PtetO2  PtetO3
ofp S-tetR E.
coli ATCC 8739 tetR
TetR tetO
PlacO+ara ofp

97 bp

E. coli

E. coli ATCC 8739
araBAD
PlacO+rha

S-araBAD

ofp S-rhaBAD
E. coli ATCC 8739
rhaBAD
6 S-tetO02
StetO3 SlacO2 SlacO3 S-araBAD S-rhaBAD
S-Plac
lacZ-Y Z-up/gfp-Y Z-down200
PCR

700 bp ( 3 PCR

23 BEHIFREBEMDTEAANE
6

gfp

PlacZz 1
PlacZz
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bp

750
500

E 3 BEBZIFEKR PCREE

Figure 3 Determination of strains with promoter
integration by PCR

Note: M: DNA marker trans 2 000 plus; 1-7: PCR products from
strains with promoter Plac, PtetO2, PtetO3, PlacO2, PlacO3,
PlacO+ara, PlacO+rha.

PlacO2 fil PlacO3 45/ a s+, HREKER
I 590 A9 2 3R 5 B RINAS S350 | PTG (AR X e 38
SREEAH2ETCIL, H 0.8-1.0 2545, UaHIIX X447
R FBIRFEE, MEAEAESRIMELT,
WA R R T FRRERE . Fik, Placo2 fi
PlacO3 X {1 PL Ji 8T F1 lacO P& T4 A1
Kash T, AAFEIFRARATIY R, A
FHF LR Rk

PtetO2 il PtetO3 iz, HERXTEAMNSES
FIERF AT 2 K58 B A 0.02, IzE -5 i /K DU R %
Jii, PtetO2 Fll PtetO3 BYAHXT R IR E 5N 4.5

®3 BEIIFREEE

Table3 Promoter strength with or without inducer

3.7, HFRRERIVEE 535 225 £ 185 %,
XAUR B FAETCE R AL T Rk AR, fE A
AR T RBHE . Hitk, PetO2 Fi PtetO3 iX
21/ PL FI tetO AT G TR )G 2+, AT H
F LA R IR, R ER R B

PlacO+ara 415 JA g FAEA NG, AT
FARREN 0.6, FEMISE RIS, AT RIKRGRE N
6. XA BT EIRTE NS 2 70 B A X 2 K0
R, HENAESRINtE BRI RS K
I, i Plac fil araC IH## 0444 & ) PlacO+ara Ji
T, ANEERCH TG 2. T PlacO+rha 4l
Ja s, HAEA T T 500 B A R 2 3K 5 B
0.02, TEA 1S AFTER HABRT FRIRTRE N 12, R
IRPEHITE A 5] 600 £5. B Plac #l rhaR 501
A1 PlacO+rha 2145 J5 3+, TEJCI S0 i S A
FIRBwES, EAE SRR RARERR, K3
THM EHAR. Bk, PlacO+rha j&— MR ™
RURSIT, T ERE R Rk,

[FIBs, FHAE AR IS 2 F A2k 17 T W
5, N WA LR 110 245 SR AR P A A S 453 14 A
FIRTREE AR A AN, Bl TR IAR
(), SO R, HE/RT 34 ER
JA 81T PtetO2., PtetO3 Fl PlacO+rha 1475 6 W EZ 1%
L(E 4). IEL 4 HaT DUE H, HXE 50 BE R Rk
S-PlacZ, Hitk S-PtetO2 fll S-PtetO3 fit 4k (0,5 ik
JERE, S-PlacO+rha P Bk I 4R (0,58 a8 B e i o

AT K50 B Relative strength

7 NP \
RATEERER rmem AWwA RGEWEE | ODs s
With inducer Without inducer Control range

S-Placz 1.00 0.80 14 0.1 mmol/L IPTG

S-PtetO2 4.50 0.02 225.00 12 1 pg/mL Anhydrotetracycline
S-PtetO3 3.70 0.02 185.00 14 1 pg/mL Anhydrotetracycline
S-PlacO2 0.97 0.84 1.15 14 0.1 mmol/L IPTG

S-PlacO3 0.82 0.77 1.06 14 0.1 mmol/L IPTG

S-PlacO+ara 6.00 0.60 10.00 14 0.1 mmol/L IPTG+0.2% Arabinose
S-PlacO+rha 12.00 0.02 600.00 14 0.1 mmol/L IPTG+0.2% Rhamnose
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A: S-PlacZ (Control) B: S-PtetO3 (3.7-fold)

10 um 10 pm

C: S-PtetO2 (4.5-fold) D: S-PlacO+ha ( 12;fold)

10 pm 10 pm

4 FERBHTFRAERHIEUR

Figure4 Observation of promoter strength by fluorescence microscope

3 PTiefgsies Placz 45 3.7
TetR 35
[20]
632 Dnal
Ftez 1 pg/mL PtetO2  PtetO3
PtetO2 Ptetos
MacO+rha PtetO2 tetO NI

PlacO2 PlacO3

- 17-19 bp
lacl Lacl
-10 -35 RNA PlacO2
PlacO3 lacO
[18] -10 2
lacO RNA lacl
Lacl PlacO2 PlacO3
[19]
PL tetO tetO
PL v v e 2
PtetO2 PtetO3 araBAD rhaBAD PlacO+ara
TetR PlacO+rha 2 Plac
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