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The Analysis of Promoters and the Effective Expression of
Exogenous Proteins in a Cold-adapted Bacterium

Yunlin Wei, Xiuling Ji, Lianbing Lin, and Shenrong Jing
Biotechnology Research Center of Kunming University of Science and Technology, Kunming 650224, China

Abstract: Based on the constructed promoter probe vectors that could replicate both in E. coli and in a cold-adapted bacterium,
several candidate promoters were isolated and their activities were evaluated by RT-PCR. The transcription initiation sites and core
sequence of promoters were determined by primer extension analysis. A low-temperature expression vector was constructed by using
the strongest promoter and a thermolabile a-amylase gene was successfully overproduced under control of this promoter at low tem-
perature (7°C), while the secreted a-amylase amounted up to 35% of the total extracellular proteins. The expression system is ex-

pected to be useful for the production of thermolabile exogenous proteins at low temperatures.
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Escherichia coli JM109 3
Escherichia coli BL21(DE3) pLysS

F

=

1.2 &R
1

*1 AMRETARKTIR
Table 1 Plasmids used in the study

Plasmid Size Markers Genetic features Source
pBR322 derivative with .
pBAEl 5.7kb  Ap,Tc ori of Acinetobacter This work
pBR322 derivative lacking
pBAPT  4.7kb Km  the promoter of the This work
B-lactamase gene
pBAPT derivative with
pBAPI1 6.0 kb Km ori of Acinetobacter Reference 8
pP1 6.2kb Km,Ap PBAPI derivative with This work
Promoter 1
pP3  65kb Km,Ap PDAPIderivativewith .0
Promoter 3
pP6 62kb  Km,Ap pBAP1 derivative with This work
Promoter 6
13 7%
1.3.1 Acinetobacter sp. DWC6
LB ,
(4°C~37°C) , ODgsy (Bio-

photorecorder, Advanlet, Japan)
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> ) OD660
1.3.2
[8], DNA
, ABI PRISM BigDye
(Perkin-Elmer, USA), DNA (ABI

310 Genetic Analyzer, Perkin-Elmer)
BDGP(Berkeley drosophilae genome project)
(http://www.fruitfly.org/seq_tools/promoter.html)
Neural Network Promoter Prediction

: AcpS-Kan (5 TAA
GCGGCCGGAGAACC-39  AcpS-Lac(5 TAAAGG
GAATAAGGGCG-39

1.3.3 N-
14.5% , SDS-PAGE
(16 ng), (Bio-Rad)
Immobilon-PSQ (Millipore)
PVDF 0.1% R-250 ,
10% 50% ,
PPSQ-21 (Shimadzu, Kyoto, Japan)
N-
1.3.4 RNA

Acinetobacter sp. DWC6 18
(As60=0.5), RNeasy Mini Kit (QIAGEN,
RNA
(ABI1377) ,
(1989),
: 5TAAAGGGAATAAGGGCGACACGG-3 7
B- N-
: 500 umol/L dNTPs, 25 u RNase
RNA, 1 pmol/L
(QIAGEN, Germany)

Germany)
DNA

5 g
Omnicript RTase
: 65°C, 10 min; 42°C,

1h ,  CTAB cDNA,
,  6uLABI ,
5% ,
DNA
DNA DNA ,
1.35
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pP1 pP3
pP6 , P1-F1&PRPVUI2,
P1-F2&PRPVUI2, P3-F1&PRPVUI2, P3-F2&PRPVUI2,
P3-F3&PRPVUI2, P6-F1&PRPVUI2  P6-F2&PRPV
UI2 ( 2), PCR
: AP1-1, AP1-2, AP3-1, AP3-2, AP3-3,
AP6-1 AP6-2 Smal Pwul ,
pBAP1 PCR
Smal Pwul pBAP1
E. coli IM109

Acinetobacter sp. DWC6,
[3_

F2 MERAREMHRTASY

Table 2 Primers used for the deletion mutants

Primer Sequence

P1-F1 TCTATATCCCCGGGTTAAATTCTAAACAGAATTGAA

P1-F2 TCTATATCCCCGGGAATTTAGAACCATCGCCCAGCG

P3-F1 TCTATATCCCCGGGTTTTAATTGCCAGCACGGTGTA

P3-F2 TCTATATCCCCGGGTAATATGAACACTAGTAGCCAT

P3-F3 TCTATATCCCCGGGGCGCCGCTTATTCGGCTATTT

P6-F1 TCTATATCCCCGGGATAATTATCCTTGCTAAACGT

P6-F2 TCTATCCCGGGGATGAGAAATCCCTATCAACGT

PRPVUI2  TCCTCCTCCGATCGTTGTCAGAAGTAAGTTGG
1.3.6 RT-PCR
Acinetobacter sp. DWC6
) 1.5 mL s RNeasy (QIAGEN,
Germany) RNA 2.5 u RNase-free DNase
(QTAGEN, Germany) 20 u
(TaKaRa, Japan), 2 h, DNA,
95°C 15 min, RNA,
LL200 ng RNA , Acinetobacter sp.
DWC6 16 S tRNA JF5| : 16SF (5 “GAGC

GGCGGACGGGTGAGTA-3 9f1 16SR (5 “GAGTT
AGCCGGTCCTTCTT CTGTA-3 ¥, RT-PCR
16 S rRNA B-

Lac-RTF (5 ZACTGCGGCCAACTTACT
TCTGACA-349 Lac-RTR (5 ZCTACGATACGGGA
GGGCTTACCAT-3 ¥

RT-PCRs Fl|ffl QuantiTect™ SYBR Green
RT-PCR Kit (QIAGEN, Germany) 96 ,

50 puL: 25 pL SYBR Green PCR ,
0.5 uL RT 1 umol/L
RT 50°C, 30 min; 95°C
54°C 30 s, 72°C 30s, 35

15 min; 94°C 15 s,

Ct, iQ Optical System Software Ver.3.0A
(Bio-Rad) pUC118
DNA 0.001 pg 10 ng DNA
1 pg pUC118 3.5%10° ,
137 o
iCycler thermal cycler (Bio-Rad),

Shewanella o~ R PCR

Shewanella sp. MY 8688 a- PCR

20 mmol/L Tris-HCl (pH7.5), 8 mmol/L
MgCl,, 7.5 mmol/L DTT, 1 mmol/L MgSO,,
0.2 mmol/L dNTPs 1 u KOD DNA
Japan) :94°C Smin; 94°C 15s,
60°C 30 s, 68°C 1 min, 30 ; 68°C 15 min, PCR
pCR-Blunt IT (Invitrogen, USA) ,
E. coli Topol0 (Invitrogen, USA)

(Toyobo,

PCR a-
a- DNA s
HindIII  Pvul , HindIII  Pvu
I pP3 R pP3-amy ,
Acinetobacter sp. DWC6 40 pg/mL
Kan LB ,15°C  7°C
s a-

pCRT7/CT-TOPO (Invitrogen, USA)

pCRT7-amy, E. coli a-
KOD DNA , PCR a-
rTag DNA 72 PCR 15 min, 5%
A, pCRT7/CT-TOPO ,
pCRT7-amy , E. coli BL21 (DE3)
pLysS 100 pg/mL Amp LB
37°C 18°C Agoo 0.8

s 1 mmol/L  IPTG

> >
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a-
1.3.8 a-

E. coli  Acinetobacter
sp. DWC6 1%

100 pug/mL Amp(E. coli) 40 pg/mL Kan
(Acinetobacter sp. DWC6) LB ,37°C
15°C 1~3 d
Japan) s

(Nacalai chemicals,

a- HR
Ireland Ltd., Ireland) a-

(Megazyme international

p-nitrophenyl
(BPNPG7) a- ()

maltoheptaoside

BPNPG7
A400[

p-nitrophenol

p-nitrophenyl,
18100 L/(mol - cm)]
I min 1 pmol

139 o Acinetobacter sp. DWC6
pP3-amy  Acinetobacter sp. DWC6
40 pg/mL Kan =~ LB R
7°C 48 h , 4°C, 4500 g 1 h,
Amicon MWCO 30000 (Millipore, USA)
150

16 pg )
NIH image software (1.62

20 uL (
SDS-PAGE

version) a-
2 &

21 AELIRE TEEREKFR

Acinetobacter sp. DWC6 4~32°C ,

4°C 7.3 h, 4°C
30 min, ODg 5 , Acinetobacter sp.
ATCC9957 4°C ( 3), 4~15°C
Acinetobacter sp. DWC6
Acinetobacter sp. ATCC9957 20°C

, 37°C , Acinetobacter sp. DWC6

Journals.im.ac.cn
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Table 3 Growth rates of Acinetobacter strains

Doubling time/h

Growth temperature/°C

Strain DWC6  Strain ATCC9957
4 7.3 No growth
8 3.9 6.1
15 2.4 3.1
20 2.1 2.4
25 2.0 1.4
28 1.4 1.2
30 1.3 1.1
37 No growth 1.0
22 B3 FHREEFTIENE
6 E. coli
, 6 30,
pP1 pP3 pP6, P1 P3
P6 Pl P3 Sau3A 1
Acinetobacter sp. DWC6 DNA , P6
Alu I DNA
P1 P3  P6 174 445 164 bp(
1) BDGP o
B-lactamase (
[8]) PIAl P1A2 70%
100% ( 2); P3A1 ,
P3A2 P3A3 50% 100%
( 2;P6A1 , P6A2
(2
23 HRERMLSBHE
B-lactamase 5%
,P1 P3 2 , P6 1 (
3) , . P1
-105 A -106 ity G (A105
G106); P3 , 246 A
-397 T(A246 T397); P6
~112  C(C112)( 1)
-35 -10 : XXTAXT
-10 , AXAAXT =35 (1

24 T2 RT-PCRMAEBHFAENM
QuantiTect™ SYBR Green RT-PCR Kit
RT-PCR DNase I RNA
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P1:

—

-35
5

—

GATCACAGTT TTGACTGGAA AGATAAATAT TTTGTAAAAC ATCGGCCAAG

-10

TTAAATTCTA AACAGAATT|G AAATTTGGCG CTAAAACCGC [TATATTATAG

101 GATGAGCTAT TGTCCGGAAA TAAAACCTTT TATGAATTTA GAACCATCGC

151 CCAGCGCTTC TAATTCTCTC GATC

P3:

—

GATCAATCTT TAAAATTTTA TCTAAAGTCT CTGAGGCCAG CTCATATTCA

51 TGGGCTTTTA AGGCAATATG CGATAGATAA AATAAAGCTG GTACATCGGT
101 GGGTTCTTGC ACCACCCAAT GGGTGGCAAT ATCGAGCGCC GCTTTTAAGT
151 CATTTTGTTC TAAGGCAATA TTGAGTGCGC GCTGCTTGAC CATGGTGGAG

=35
20

—_

-10

TTGCTT|TTAA TT|GCCAGCAC GGTGTAGITG [IGTAAT|GCTG TAGCAACATC

251 ATGGTTGGTC AGGGCAAATT CTGCGACCAT GCTTTGCTGT ATAGCATTAT
301 AGTTTGAATT GGCATGGTAA ATATCTCCAG ATGCTCTAAT ATGAACACTA

-35

-10

351 GTAGCCATGC TCCCCACAAG T|RAGAATGTG GTAGAATATT| GCTTAATTGT
401 CGCGCCGCTT ATTCGGCTAT TTGTTTGACG CAATTTTTCT TGATC

P6:

-35
5

CTCAGTTGGT AGAGCGTCTG CCTTACAAGC AGAATGTCGG CGGTTCGATC

-10

CCGTCAGCGC CCACCATAAT TATCCTTGCT CAAACGTTAT TTTTTT

101 @CTCTCAAA ACTATAATAA TTTTAAAGAT TGAGACGTGA TGAGAAATCC

151 CTATCAACGT AAAG

1 BB TFRERFT
Fig. 1 Nucleotide sequence of the isolated promoters
Transcriptional initiation sites are indicated in bold characters with arrows

1 50 134

P1L }
P1AL 30%
P1A2 0%

205 337 402 445

174 Activity

P3Al i 100%
P3A2 50%
P3A3 0%

1 66 138 164
pP6 L !
P6AL 100%
P6A2 0%

2 BHFRERTHRMERKE
Fig. 2 Schematic diagram of construction of the
promoter-deletion mutants
B-lactamase activities are shown at the right

DNA ; Acinetobacter sp.
, 16 S rRNA ,
RT-PCR RNA

( 4 pUCI118 DNA
0.001 pg DNA 1 pg pUCI118

3.5X10° , , ,

DWC6
16 S tTRNA

10 ng

B-lactamase P3 s

s P3 B-lactamase

10 (5

% 4 Acinetobacter sp. DWC6 EHFEARIRE T 16S
rRNA B2

Table 4 Quantification of 16S rRNA of recombinant
Acinetobacter sp. DWC6 grown at various temperatures

Threshold Cycle (C,)
Recombinants

7 15 25
pP1 17.28 17.22 17.32
pP3 17.17 17.23 17.45
pP6 17.38 17.34 17.45
pBAPI1 17.28 17.14 17.24
pBAEl 17.13 16.97 16.85

2.5 Shewanella sp. MY8688 B a-iE # B 7
Acinetobacter sp. DWC6 1 B 5 3 Fix
Shewanella sp. MY8688  a- E.

coli ( 4
MY8688 a- ,

Shewanella sp.
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Fig. 3 Primer extension analysis of the promoters.
The transcription initiation sites are indicated in bold characters. The primer extension products are indicated by arrowheads

% 5 Acinetobacter sp. DWC6 EH K
B-lactamase mMRNA By &

Table 5 Quantification of the B-lactamase mMRNA from
recombinant Acinetobacter sp. DWC6 harboring various

plasmids
Copy number
Recombinants
16SRNA  Lac mRNA Fold
pP1 3.75><10° 4.71>=<10° 3.9
pP3 3.94>10° 1.22>10’ 10
pP6 4.00><10° 2.77><10° 2.3
pBAPI 4.01><10° 4.91>=10° 0.4
pBAEI 3.89><10° 1.21>10° 1
1.4
w1.2F
£ 15C
210t
s
3
S06¢
b=
83041
‘%02
: 15C  18C
0.0 7°¢15C 7°C|:| -37°C 180C37°C
' A B C D E

4 AELRE TN a-EH B E I
Fig. 4 a-Amylase activity in the extracellular fractions
after cultivation of bacteria at various temperatures
A: Acinetobacter sp. DWC6 with pP3-amy; B: Acinetobacter sp.
DWC6 with pP3; C: Shewanella sp. MY8688; D: E. coli BL21 (DE3)
pLysS with pCRT7-amy; E: E. coli BL21 (DE3) pLysS with
pCRT7/CT-TOPO

E. coli ( )

pP3-amy (. 35), ;

Shewanella sp. MY8688  o- Acinetobacter

Journals.im.ac.cn

a-amy(Shewanella sp.MYB8688)

L FIFFFITFTTA

N

pP3 pP3-amy

pP3-amy

ColE1 ) )
-Acinetobacter ori

5 pP3-amy ik FRAI#IFE E K Acinetobacter sp.
DWC6 Z= R =4 B - ¥ B
Fig. 5 Construction of an expression plasmid, pP3-amy,
and production of a-amylase by the recombinant
Acinetobacter sp. DWC6

sp. DWC6 ;
, 37°C
a- HR (Megazyme international
Ireland Ltd., Ireland) a- s
Agool 18 100 L/(mol - cm)]
p-nitrophenol 1 min 1 pmol
7°C ,
a- , 1.17 u/mg(  5).
(Bio-Rad) Immobilon-
PSQ (Millipore) PVDF
R PPSQ-21 (Shimadzu, Kyoto,
Japan) N- SDS-PAGE  N-
a- >
35%( 6)
o- 28°C,
4°C 50%,
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37°C 1 h ;
67017.65 D, pl 4.53; Blastp (Ver. 2.2.17)
, Shewanella frigidimarina NCIMB400
L a- s 99%:;
Ca2+ .
pP3-amy  pP3
kD
75 - - -
50 -
e — -~
20 -

6 BHEREHKaTME SDS-PAGE £ 17
Fig. 6 SDS-PAGE analysis of a-amylase of Shewanella sp.
MY8688 produced by Acinetobacter sp. DWC6 harboring
pP3-amy
a-amylase band is indicated by an arrowhead on the top,
B-lactamase band is indicated by an arrowhead at the bottom

3 it

[9,10]

Duilio
Pseudoalteromonas haloplanktis TAC125
) (
Pseudoalteromonas haloplanktis TAC125 ),
4°C [11,12]

B

(Pseudomonas syringae)
, hutU

S -10 A
CAAAA ) TATAAT,
. 4°C  22°C
[13]
[11,14]
[12]
[15]
(6]
[16]
DNA , 5
, —10
XXTAXT -10 TATAAT
a_

B AR FRS LD ATHRKFRFHFT
B Zk, 1 EAE R TR LR AE O B R A
R
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