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We investigated the protein productivity of the promoters for genes showing prolonged induction upon cold shock in
Escherichia coli. Six low temperature inducible genes (frdA, glpB, hypB, katG, nupG, ompT) were selected based on the
previously reported cDNA microarray based global transcription profiling of Escherichia coli K12 in response to cold shock.
Their promoter regions were isolated from the genomic DNA of E. coli JM109 and expression levels induced by the
promoters were examined by using green fluorescence protein (GFP) as a reporter at 15C and 37°C. Among the six
promoters, the promoter for nupG showed the highest and prolonged expression at both temperatures and the cold
inducibility of nupG promoter was not observed.
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cspA®] promoterE o] &3 A|AE Y A cspA €0l
Ao A&HORZ dojur Y F2A AHRoe=
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AL FEAL cspA promoterd] 9F FEHTI7IETE
cspA mRNAY 250 w2 kg4 Wit 935 dojuye
dgolzt €A UTk6). WeEtA cspAE o] &3 AEF
HHA 2HE TEE 7] Y8 cspA2] promoter ¥ o}
2} cspAQ] mRNAS] 5° UTR¥} 3’ UTR ¥ WY &7 2z}
Mg So| s ook Frh(s).

B =Ho A& cspA promoter o]2]d] TAEFH AL H
T4 promoter= ©|-&F 4 Q1= promoterE BA3}7] A3
A7 #9 Agl s BE}uA Fok B A7 B
= AA, A2dM A&FHogE wlF BHE FEAIIE
promoter?] M, E4, A2 & fF=4o] ¥H FHA9
mRNA Mg o}&3 2] &1 promoter AA|7} AL F &

4& AYE promoter] BAo] glom o|F {Fhe] AL
i A&Hog FHol fHFEEHe FAA 671A ¢
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e A+ AHE ol &3t AHIH LY promotere] Tl
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FAA} cloning2 Promega A}2] pGEM-T vecor A|2-%#l-&
o] £-3}9 29 cloningS 93+ TFE E. coli XL1-blueE A}
gahgth 428 6714 promoters] T AN 27
7] st &3} 2o] vectorE A ZFH AT gfpmuts;
Ax}E pGlnAp2-ghpmuty (D22 El PCRS o|-g3ko] FEa
o} pET28a¢] BamHI, Saclg ©|&3t9 44, pET28a-GFPE
Azstdct AEE 6714 AL F= F3A (frdA, glpB,
hypB, katG, nupG, ompT)2] promoter F¥-& E.coli IM109

Table 1. Sequences of predicted promoters for cold-inducible genes
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ZHEH PCRE °]&3td F$FF F pET28a-GFPS] Byl
Xbalg ©]§3te] ASl, pET28a¢] T7 promoter® ¥
promoter2 hAFo2H 67}A] promoter] T3 GFP
reporter A|2~¥]-& T&3IATE promoter A L o Z&d) T
g A e An 2 uZ v)EsAh

it ¥ GFP &

67}# promoters] T3t GFP reporter A|Z~ElS E coli
XL1-blue$} E. coli BL21 (DE3)d] =3t 37C 2} 15Co)
A g o] gild UHe fEIHUT. 474 @3
3t colonyE ampicillin 50 pg/meS 3 LB HE +
37CAA 1647k wjdd H, wWjFd & 1502 FHstoq 3
7ClA ODewnn ko] 04-0.60] B w7}2] vjFaiict. o]
% IPTG 0.05 mM< #7418 3 37C & 15T A v
s Al7tEE A28 AHee GFP 3FT (fluorescence)
2 zgsqu.

GFP HBE 5%

7 GGonYE I mL A AnE ARG T 12,000
pmel A 527 AAEAS sel AES AAN F 09%

NaCl 1 mLE #esled 600 nmo| A ODE &4 35t} OD
ZA7ko] 0.1~0.2 Alo]7l § =2 09% NaCl £948 o] &3}
o FAg 5 200 p0¥ H3t 96 well platedl) 717} &,
Victor Multilabel Counter (1420-011) (Wallac,Finland)Z o] -£-
3}o excitation 3} 485 nm, emission ¥} 515 nmoj A &
Ix AVE F33sad

A% 2 1y

Promoter Mt 2l vector A=

Phadtare} Inouyet= 37T%} 15CoNAMe] A (E coli
IM83)e] AALAE ¢DNA microarrayE ©|-83ls] @2l
AL A=A FHA g E4g $93 Ax5E LR
HTE®). o5 HAA B ARE o83t AN o
AHeE Yol fFxH= FHA 707, A wHdol
AANHo 2 AAHE 34 827, A2 A&Hog Wt

gene promoter sequence vector

agggcacgaagtctactcgeaacgegacggegagacaaatittacgeaggaatcaaacageggtgggeagtgactaaaaaaageacgatetgatggtita

frdA glaattaaattaatcatcticagtgataatttageectetigegeactaaaaaaatcgatetcgicaaatitcageattatecatcagactatactgtigtacctataaa

pftdGFP

ggageagtggaatagegttcgeagaccgtaactttcaggtactiaccetgaagtacgtggetgtgggataaaaacaatctggaggaatgt

B gtgagagaacctgecgtttettgagttgecgegatgttaagaaaacattcataaattaaatgtgaattgecgeacacattattaaataagatttacaaaatgttcaa
&P aatgacgcatgaaatcacgtttcactticgaattatgagegaatatgegegaaatcaaacaattcatgtttitactatggetaaatggtaaaaaacgaacttca

pelpGFP

gtcgacgigtcatticgacatcatcgacattattcaccgeagggataatcaacactggeacaattattgettgtagetggeaatagttaatgggaggegatatge

hypB acgaaataaccetetgecaacgggeactggaatigategaacageaggccgeaaaacacggegeaaaacgegtaactggggtetggeicaaaattggeg

phypGFP

caltttcttgtgtcgaaaccagcetctettgecttitgititgatetggtitgecgeggeagegtggcg gaaggtigtaaactgeacctcgaagaac

aaatagtgtgectittgtgaaaatcacacagtgatcacaaattitaaacagageacaaaatgetgectcgaaatgagggegggaaaataaggttatcagecttg

katG ttttcteccteattacttgaaggatatgaagetaaaacccttttitataaageatttgtccgaatteggacataatcaaaaaagettaattaagatcaatttgatctacat
ctcittaaccaacaatatgtaagatctcaactatcgeatcegtggatiaaticaattataacttcictetaacgetgtgtatcgtaacggtaacactgtagageeeag

pkatGFP

acgctgacgacccgecatcectctgeggaatetegecgttatetttataaagrgaataccgegcaaaaatcetaccgecgecgataattccattaaccgeeect

nupG gacgatgctcaggggeaaaaatgttatccacatcacaatttcgttttgcaaattgggaatgtttgeaattatttgecacaggtaacaaaaaaccagtccgegaag

ttgatagaatcccatcatctcgeacggtcaa

pnupGFP

ompT

aaaacatagtaatigaggataaaccicatgctatittcgetiatatgectetaaaggeatggeacttaaatagalaaaageaccacaaaageatananaaaccac
acaglaaaaccgadatatgaaacaataacagataattaaaccaaaaacigatagegeattgtgataatcaticaatactaaacaaaatataaacagtggagea

pompGFP

* the underlined sequences were used for primer design in the cloning step
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T4 314, 9= promoter A3 AZF vectorS Table 1
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XLI-blueo] Q1% F 37Cs} 15ColAe GFP #3:E
ZA3814th 37CAAM dd B 424 vector7} EF
H FFES 37CAA 718 v OD7b o 0.4~0.694
IPTGE 713 H, ©A] 37CelA dFES g3ty 238
2 #E3 3, 27 4N T NEE AASA AED
HA T E 2454} pET28a0) A lac operatorE A 73}
laclo] 91§t W@ AAle gle HAoE AHAAT EA
Pe&A REZe T JAE FA 7] g8 IPIGE 37t
3tk Fig. 1@A4 & 4 $1%°] pnupGFPe] Z-¢ Oh&
vectorE9] H]8] 458 AE & FAEE HYow n
A 57}A) promoter?] 73 nupG ZE T Ejo] Bl &) Ay o
2 g e $ERE uyo. 1sCHe Ade A
Zkz+ o] vector/t X ¥E #FES 37T 7] § OD &
04~0.6014 15CTE &7 ¥ IPTGE A7Ie o 7 447t
T ANEE AT FF=E SHSH GFP 4d F
g E2HNE d7 37T A vbAIEXE nupG genes:
5 38= promoterZ B}E vector®] A% GFP ¥dL7} o
£ dEol ¥g) 34 9 A= ¥ kg EAriFig. 1(0)).
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Figure 1. Expression level of GFP induced by promoters for cold inducible genes using E. coli XL1-blue as a host at 37°C (a) and 15C (b)
(A, B, C, D, E and F are the promoters for frdA, glpB, hypB, katG, nupG and ompT, respectively).
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Figure 2. Expression level of GFP induced by promoters for cold inducible genes using E. coli BL21 (DE3) as a host at 37°C (a) and 15°C(b)
(A, B, C, D, E and F are the promoters for frdA, glpB, hypB, katG, nupG and ompT, respectively).
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Figure 3. (a) Expression of GFP induced by nupG promoter at 37°C (4) and 15T (H). (b) Ratio of expression level of GFP induced by

nupG promoter at 15C to that at 37T.
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AIZE 10A17E, 24717, 34170 A8 o™ Fig. 3(a)°lA
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‘§E Aoz vehdth nupG promoters] A& FEAL ¢
o7 st 9 AREL o83l 4 Azt i3
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A 19 7H7HE #S Kol UthFig. 3(b). o] AHEL
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FAz BHS FE & 4 U= A LA promotero| L} A
o 9s o] FrHE AL FEA promoter °obg-S
HoZF1 9t} o]+ Phadtare®} Inouye?] DNA microarray
£ o|£% nupG mRNA 3T oe ¢ tfE ZAE B
o]F 3 9Ed], DNA microarrayE o] £3F o]E¢] ZAi}olA
£ mupG FARY 15T BTt 37T} HHE
Hl& 158} o] %<& ARE BHYUKB). o= nupG {FAA

£ 8T A o] promoters] AL ST Aol ojd ThE &
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Ed cspA F329] AL FEAL cspA promote
FEHETDE cspA mRNA FAXY A Hobi
2 A 71T dE A AThE). mupG F
A AL FrEAdd g v FAHA 7122 ol
Hg ATE F o SR & Aoz AZAHY
promoterd] A& fxo o7 A& ofd oz At HTh

2 o
B ATolNE Agod wiHo FENL Asdoz
HHETy A AT 69 KA (fridA, glpB,
hypB, katG, nupG, ompT)el] th3t promotere] THla Ak
S Yol 7] $15led GFPE reporter Tl d g o] &-3le] 2+
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