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, ectB ectA  ectC L- pH 7.5 LB (g/L):
(EctB) L- (EctA) 10.0 g, 5.0 g, NaCl 10.0 g, 1 mol/L
(EctC) Ectoine!* " NaOH pH 7.0 15.0 g, 1x10°Pa
, ectD (EctD), 15min
Ectoine Hydroxyectoine!'"**! 1.2
, Ectoine Ectoine ,HPLC =95% Fluka
, Analytical ;
(4] Ectoine ; R (0.45 pm),
, ; DNA
Ectoine
Ectoine, ;
, ; Tag DNA
, Halomonas T, DNA Genome walking
sp. QHL1 , QHLI Kit (D316) TaKaRa ; (Amp)
Ectoine , Ectoine (Kan) IPTG ;
ectABC , HPLC  (Aligent Technologies 1200 Series, USA);
Eclipse XDB-C18 (5 pm, 4.6 mmx150 mm)
1.3
NCBI Halomonas sp. NJ223
1 (Accession No. DQ886907) Halomonas sp. TNB 120
1.1 (AB119507)  Halomonas sp. BYS-1(DQO017757)
Halomonas sp. QHL1 ectB , ectB
E. coli DH5a  E. coli BL21 (DE3) (ectB CSF  ectB CSR), 1
, pMDI18-T TaKaRa , QHLI1 ectB ,
pET-28a(+) OSM (g/D)t": ectB (SPF1/2/3
NaCl  ,MgS0,9.7 g, 3.0g KCI2.0g,  SPR1/2/3), PCR ectB
CaCl, 0.2 g, 10.0 g, 2.0 g, QHLI Ectoine

#1 AZLBHEABSIYFT
Tab. 1 The primers used in this study

Primer Gene targeting Sequence (5'-3") Cleavage site

ectB CSF ectB conserved sequence ATGCAGACCCAGAYKCTYGAACGC
ectB CSR ectB conserved sequence CGCTMACRTCRCGCTCRAAGGTGTC

SPF1 ectB downstream ATAACGGCACTTTCCGTGGTTTCAG

SPF2 ectB downstream GCGTAAAGGACGCATTGTAGAAGAG

SPF3 ectB downstream ATCGACGTAGTGTCTGGTGACATCG

SPR1 ectB upstream CAGATGCACTTTGTAGTCAAGCCC

SPR2 ectB upstream TGAACAACACCGTCAGTCGACAG

SPR3 ectB upstream GAGGAAATCAATGTACTCACGGCC
ectABCF ectABC GGGATCCATGAGCACGCCGACACAACC BamH 1
ectABC R ectABC GGAGCTCCTATTCAGAAGGTGCGTATGAGCC Sac 1

; Y(C/T), K (G/T), M (A/C), R (A/G)
Note: The base sequences underlined are the restriction sites. The highlighted base corresponds to degenerate bases as follows: Y (C/T),
K (G/T), M (A/C), R (A/G)
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ectABC, PCR ectB 3
(ectABC R ectABC F) Primer 5.0 (SPF1/2/3  SPR1/2/3 Primer, 1),
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Aso0 1.20 , NaCl 0.5 uL, SP 1 uL, AP 1 pL,
NaCl (0 0.25 0.5 1.0 1.5 50 uL 1 2 3  PCR 5ul
2.0 25 3.0mol/L) OSM (pH7.5), 150 mL 1% (wiv)
, 1% , 150 r/min  37°C 3 PCR i
12h As0 50 mL pMDIS-T E. coli DH5a
, 50 mL Ectoine (Cellular , DNA DNAman
dry weight) : ,4°C 12000 r/min ectABC GenBank
15min, (NaCl i
) ’ 90°C DNAstar ORF (Open reading frame) ,
’ (http: //'www.fruitfly.org/seq_tools/promoter.
1.5 HPLC E.ctoine - html)
Ectoine 1.8 ectABC
Ectoine 2.5 mg/mL QHLI DNA . PCR
Ectoine . . ectABC PCR pMDI8-T,
’ TA E. coli DH5a,
, Ectoine (200—215) nm,
BamH1 Sacl pMD18T-ectABC,
/ (v/v, 80/20), Eclipse XDB-
C18 , 150 mmx4.6 mm, 20°C, 400 bar, pET-282,
) ] pET-28-ectABC, E. coli BL21(DE3)
10 puL, 1.0 mL/min, 8min!'®
) SDS-PAGE
1.6 ectB PCR (7
DNA DNA
QHLI DNA ’ Kan (50 pg/mL)
PCR (50 uL): DNA( 250 ng) LB ,37°C 150 r/min (Asoo
| uL: ectB-CSR_ (10 nmol/L) 1 pL: 0.6), 1 mmol/L IPTG, 37°C 24h,
ectB-CSF (10 nmol/L) 1 puL; 10xPCR 5 pL; zh >
Mg (25 mmol/L): 7 uL; dNTP Mixture ( 8000 r/min
2.5 mmol/L) 1 uL; Tag (1.25 U/uL) 1 pL; 10min ; 1x8DS
H,O 33 uL  PCR - 95°C Smin; s 10min, 8000 r/min 2min,
95T 40s, 58°C  40s, 72°C  60s, 30 SDS-PAGE ¥
, 72°C 10min 1.9
PCR , pMDI8-T, OSM s E. coli
E. coli DH5a, , BL21 (pET-28-ectABC), E. coli
BL21 ,
1.7 ectB ectABC 0.2 04 0.6 0.8 1.0 1.2 mol/LNaCl, 1%
, 150 r/min 37°C 12h,
ectB , Asoo
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) HPLC ,
QHLI1 Ectoine
2.1 QHL1 Ectoine (39.06 pg/mL) (1), QHLI
Halomonas sp. QHL1 (1.0 mol/L NaCl) 1.189—1.195min,
(0.04—2.74) mol/L NacCl, 0.86 mol/L. ,
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Ectoine, HPLC Ectoine QHLI Ectoine ectABC
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Fig. 1 The map of intracellular ectoine from strain QHL1 and authentic ectoine by HPLC
A. HPLC Ectoine (39.06 pg/mL); B. HPLC QHL1 s OSM QHL1 s

1.0 mol/L NaCl

A. The spectra of authentic ectoine by HPLC (39.06 pg/mL); B. The map of intracellular ectoine extracted from strain QHL1 by HPLC.
QHLI1 was cultivated at 1.0 mol/L of NaCl in the improved Oesterhelt-Stoeckenius medium
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ectABC 3A), 3580 bp DNAStar
ectB s ectA ectB ectC ;ectA  ectB
>84% DNA QHL1 109 bp, ectB  ectC 91 bp; ectA
DNA DNA , 635 bp,
( 1)  ectB PCR PCR QHL1  ectd 579 bp, 192
, pMDI18-T, , pl 4.78, Halomonas ectA
E.coli DH5q, , 74%—80%, EctA
s ectB 977 bp 58%—98%, GenBank Accession No. JX312790;
SPR1/SPR2/SPR3 SPF1/SPF2/ ectB 1269 bp, 422 ,
SPF3 (1), ectB pl  5.98, Halomonas ectB
( 3B) PCR 78%—91%, EctB 85%—98%,
ectB s 1500 bp, GeneBank Accession No. JX312791; ectC
1200 bp PCR 390 bp, 129 , pl
, pMDI18-T R E. coli DH5a 5.30, Halomonas ectC 72%—
, 96%, EctC 75%—96%, GenBank
ectB s Accession No. JX312792
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\ \\\
B \\‘ \\\
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ect
AP1/2/3/4

Genome Walking Kit D316
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Neural Network
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28 bp
(1),
(TSS, A ) —10 (TATAAT)
-35 (TTGAAT)  -10 -35
(17 bp), E.coli &
ectB  ectC

Fig. 3 Strategy of nested PCR and amplification of flanking sequence from conserved ectB sequence
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5
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A. The gene composition and organization of the ect-cluster in H. elongate DSM 25817; B. Strategy of amplification of the flanking sequence
by nested PCR. Solid lines in the center represent 977 bp known conservative sequence of ectB. Primers AP1/2/3/4 were provided by the
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Fig. 4 Sequence alignment of upstream ect4 and putative promoter of the ectoine synthesis genes ectABC
A. MEGA 4.0 ectA .1 QHL1 ;2 Halomonas sp. NJ223;3  Halomonas
sp. BYS-1; 4 H. elongata DSM2581;5  H. elongata DSM3043. RBS ; (+1); B. QHL1

ectABC

A. The upstream ect4 promoter region was shown based on the sequence alignment by MEGA4.0 software. 1. QHL1 in this study; 2. Halo-
monas sp. NJ223; 3. Halomonas sp. BYS-1; 4. H. elongata DSM2581; 5. H. elongata DSM3043. RBS: ribosome-binding site, and arrows
indicated the transcription initiation sites (+1); B. Putative structural features of the promoter and terminator was predicted in ectABC genes
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2438 bp ectABC PCR
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2500 bp, ,
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E. coli BL21(DE3) ,

E. coli BL21 IPTG(1 mmol/L, 37°C)
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Fig. 5 SDS-PAGE analysis of the co-expressed ectABC gene
cluster
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M. protein marker. N: recombination strain not induced. Number 2,
4, 6, 8, 12 and 24. different induction time (h). Recombinant strain
E. coli BL21(pET-28a-ectABC) was inducted and expressed with a
strong promoter T7, and expression products EctA, EctB and EctC
were monomer enzyme proteins
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RECOMBINANT CO-EXPRESSION OF THE ECTOINE BIOSYNTHESIS
GENE CLUSTER ectABC IN HALOMONAS FROM QINGHAI LAKE

ZHU De-Rui" %, HAN Rui’, SHEN Guo-Ping’?, LONG Qi-Fu?, LI Dan-Dan', LIU Jian' and LIU De-Li'

(1. Hubei Key Laboratory of Genetic Regulation and Integrative Biology, School of Life Science, Central China Normal University,
Wuhan 430079, China; 2. Research Center of Basic Medical Sciences, Qinghai University Medical College, Xining 810016, China;
3. Qinghai Academy of Agricultural Forestry Sciences, Qinghai University Medical College, Xining 810016, China)

Abstract: Halomonas is capable of synthesizing organic compatible solutes ectoine in response to high osmotic pressure.
To reveal the possibility of heterologous co-expression of ectoine biosynthesis genes, intracellular ectoine in Halomonas
sp. QHLI1 strain was determined by HPLC under different salt gradients. The entire ectABC gene cluster for ectoine
synthesis was cloned using genome walking and expressed in the heterologous recombinant E. coli BL21. The results
showed that the concentration of ectoine accumulated in the cells had a positive correlation with the extracellular Na"
concentration and reached a maximum value (167.1 mg/g cell dry weight) at 1.0 mol/L Na’, and high concentration of
Na' strongly inhibited the bacteria growth. The entire ectABC gene cluster in QHLI1 strain was 3580 bp, containing
structural gene ect4 (579 bp), ectB (1269 bp) and ectC (390 bp). Based on bioinformatics prediction analysis, two puta-
tive promoters (8’° and 8**-controlled promoter) and several conserved motifs with unknown function were identified in
the upstream of ect-operon. The recombinant plasmid pET-28a (+)-ectABC was successfully constructed, and the results
of heterologous expression indicated that these three genes could be simultaneously translated to protein EctA (27.2 kD),
EctB (52.5 kD) and EctC (20.8 kD). These results contribute further improvements in ectoine high yield and hypohaline
biotechnological process optimization, and also provided a framework for future genetic manipulation of systems

metabolic engineering.
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