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Abstract: Bacillus alcalophilus DTY 1, one moderate halophytic bacterium isolated from saline soil in Loess Plateau of China, was
characterized with efficient production of ectoine. In this study, the gene cluster ectABC taking in charge of biosynthesizing ectoine
was cloned from the genomic library of strain DTY 1. Nucleotide sequencing indicated that ectA, ectB and ectC were predicted to
encode peptides of 169, 428 and 132 amino acids, respectively. The deduced amino acid sequences of EctA, EctB and EctC share
59%, 81% and 81% identity to 2,4-diaminobutyric acid acetyltransferase, 2,4-diaminobutyric acid transaminase and ectoine synthase
of B. halodurans C-125, respectively. A fragment containing ectABC genes was introduced into B. cereus Z, which made the trans-
genic Z cells increased tolerance to salt, remarkably. HPLC analysis of ectoine in the transgenic Z cells revealed that 70.1 mg/g
ectoine was detected in 1.0% NaCl medium and 118.6 mg/g ectoine in 5.0% NaCl medium. Furthermore, as the concentration of salt
increased, transgenic Z cells accumulated more ectoine. These results suggest that ectoine is an important facet in B. alcalophilus
DTY1 to high-osmolarity surroundings, and the expression of eCtABC is induced by salt strength.
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1456-  2- -4 (1,4,5,6-Tetrahydro- Moghaieb ] ,
2-methyl-4-pyrimidinecarboxylic acid) , ,
(Ectoine),
(1.2] (Bacillus alcalophilus) DTY 1
, DNA )
’ [3,4] ’ ectB [10]
R , DTY1 ectB
[5,6] 67" ’
Canovas (7 DTY1
Halomonas elongate 3 , s
(D -B- (Aspartic B-semi-
aldahyde, ASA) ) W v
(Diaminobutyric acid ami- 1 )[‘7\1'*—"—573‘ ]%
notransferase, EctB) 1.1 #Rl
(Diaminobutyric acid acetyltransferase, EctA) 1 B. alcalophilus
EctB 2,4- (DABA) DTY1 B. cereus Z( ) LB
N*- -2,4- (ADABA) 30°C 36~48 h Escherichia
(Ectoine synthase, EctC) coliDH5a  37°C 12~16 h
Nakayama 1 ectA ectB ectC 50 pg/mL,
) 20 pg/mL T4 DNA
> TaKaRa .
* 1 EHRIBHR
Table 1 Bacterial strains and plasmids used in this study
Strains/Plasmids Character Source

Bacillus alcalophilus DTY1
B. cereus Z
B. cereus Z-H
B. cereus Z-E

Escherichia coli

[10]

Lab collection
This study
This study

Wide type; ectoine”
Wide type; ectoine”
B. cereus Z containing pHY300PLK
B. cereus Z containing pHY300-E

DH5a ¢80 lacZAM15 A(lacZYA-argF)U169 hsdR17 recAl endAl thi-1 Lab collection
DHS5a-H E. coli DH5a containing pHY300PLK This study
DH5a-E E. coli DH5a containing pHY300-E This study

Plasmids
pLAFRS5 Tc'; oriT, Cosmid vector [11]
pBluescript I SK+ Ap"; Cloning vector Stratagene
pBS-10k pBluescript Il SK+ containing 10 kb EcoR I-BamH I fragment carrying ectABC This study
pBR322 Ap', Tc"; Cloning vector Lab collection
pBR322-E pBR322 containing 4.0 kb Sal I-Sph I fragment from pBS-10 k This study
pHY300PLK Ap', Tc"; oril77 orial, Shuttle vector TaKaRa
pHY300-E pHY300PLK containing 4.0 kb Sal I-BamH I fragment from pBR322-E This study

Ap", Tc' indicate resistance to ampicillin and tetracycline, respectively.
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Fig. 1 Biosynthetic pathway of ectoine
(a) ASA; (b) DABA; (c) ADABA; (d) Ectoine
1.0% 3.0% 5.0% ,
Bio-Rad (Gene pulser®1l), (101
Waters 600
12 mEmEARERGEE 2 &
PLAFRS [II;TYI 21 MEEEEHEENERE
> ectl198  ect1966 DTY1
ect1198(5 “TCGA ! 1700 3
TTTCTTCGCAGGTGCAGG-3 9  ectl966(5 “GGA , p5-46 p6-18 p27-24 EcoR |
ATGTGCCATTATGTTCGCC-3 9, PCR BamH I p5-46 10.0 kb
PCR 1 95°C 5 min, 95°C 40 s, 58°C , 3 ORF
40 s, 72°C 1 min, 30 , 712°C 10 min ectABC ectA
510 bp, 169 , 18.9 kD,
EcoRI BamHI Hind III Pstl] s B. halodurans C-125
pBluescript [ SK+ PCR (BAB04639) 59% ectB 1287 bp,
428 , 47.0 kD, B.
13 FRFJEHAEMEESHEL halodurans C-125
Sph1  Sall (BAB04638) 81% EctB
pBS-10 k, 4.0 kb ) 3 (Gly-204, Asp-240, Lys-269),
pBR322, pBR322-E BamHI  Sall (Lys-392)
pBR322-E, BglII Sal I ectC 399 bp, 132 ,
pHYPLK300, pHY300-E 15.0kD,  B. halodurans C-125
B. cereus Z, 1.2 kv, (BAB04637) 81% ectA  ectB
25 uF, 200Q 82 bp, ectB  ectC 71 bp
GenBank DQ471210
1.4 WERENE 2.2 [USnEE £ FE X B AR R SR
NaCl LB ,
DH5a B. cereus Z , 48 h ( ) LB DH5a
LB , 5.8%, ectABC
, 6h (ODg00) 6.0% NaCl , DH50-H
1.5 MEEES SR DH50-E ( 3) B.cereus Z
(HPLC) 5.0%, ectABC B. cereus
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ectA ectB ectC

ect 1198  ect 1966

=== TTAATCCGCGCATAACTCATTTGCACCTTITTITCGTATCCCCT TAAGATA AATATGTGGTTTAGAAA

oP -10 RBS
AATCACTGATGGGTATG TALACAATTGTGAATAACTTTTGCCCAGAALGTCTACAALGGAGGALALA
EctA
ACCATTAGTAALCAAATGACLCTAGCACCTACTAAGCAAACT === GOTCCATTATCGTCTTAA =--

MT L A& PT K QT G P L 8 8
35 -10 RBS EctB
AACAACTTAAATACCTATACACAGTAT AGTATATTATICS GGAGGAGAACGTAAAC@T(!&CAA .-
RBS EctC MoT Q
ACCOTTTCTTAA -+ TATTTGGAGMTTTATAATC@EPTGTC e ACAAGCGAACAATAA
T V S M K \'% T 8 B E

ACGTAGTAAAACATATAAACCGCTATCTTCTCTTTTCAGAAAGAGAGGATAGCGGTTTTATTA

TACGTGTTTACCCGATTC ---

2 MSEEEEEYEEE
Fig. 2 Physical map of ectoine gene cluster
RBS represent ribosome-binding site. The start code in framed and the arrow shows the orientation of transcription. Palindromic sequence is
marked by reverse arrows. Sequences of ect1198 and ect1966 are conservative primes of ectB. The -10 and -35 region indicate promoter
sequences. The o® sequence is GTTTAA-N, 14-GGGTAT, and the o sequence is TTGACA-N,,-TATAAT
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Fig. 3 Growth curves of several strains in 6.0% NaCl LB medium
(a) E. coli DH50-H and DH5a-E strains; (b) B. cereus Z-H and Z-E strains

Z-E 6.0% NaCl R DH50-E
20%(  3) B. cereus Z-E (
23 MEWES=ENE 4) 1.0%NaCl ,Z-E 70.1 mg/g
1.0% 3.0% 5.0% , 3.0% 94.7 mg/g,  5.0%
E. coli DH50.  B. cereus Z NaCl 118.6 mg/g,
, B. alcalophilus DTY 1 15~50 [

’ s
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Fig. 4 Accumulation of ectoine of several strains
in different salinity medium
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