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B/ | TS -3 e DU S W ) 320 RGN, AE A PR T AZ 1) B R NaCl YR EE T (24% w/v) | JfLIN 5-5% 3k DU &g
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WEE

[ £8 3 FC 1% ( Prauserella alba) YIM 90005" B4
SEI A T 2003 A S 2 B S 0 AR TR R, R
SYES TSR £ T REAE 0 - 24% NaCl ¥k JE (1
SMM K g ferb A4 ot THZ B RS W J e ), T R
JEvE AR, B R 1 220K 7 6 2 A, B DL 2
A5 A0 s T s ke 2k T Tk 3 L A7) RSB BL . Ry 1 B
1 TR X e h PR BT 0 35 AL, Fe AT E T
LIEAE 0 - 24% NaCl A [ #h vk B2 R R AH S M
JoT B TR 2SR 5 i, B A v Y 1S 0, D S E A
5 -5 5 10 S0 W E N Sy HC M P T S A AR AR

VU SCEEREED 1,4,5,6-DU & -2-F 3 -4 -5 g FR TR
R Z R IR IR, iz 0 T
25 At A 7 R A S R A AR W) ek RS A OC
IR TR K R SRS S E R TR
PRI DA E A R R, R R B
ERIR A R T MR A Rl (EctB) , 2T
M2 L WEHE RS (EctA) |, DU %098 BE 5 il (EctC) B 4
A6 R 2 P U IE (ectoine) V07 U U IE 7 P R
W W S A T I AL T, A T E B 1 55 L B R
PR 5 -3 6 D S W, A M L D A E R T
Fif M DL R 5 40 L N ) 5 e T 28 100 AR A P B A, X
L P 2 B D P P A2

ARWEFE R ST 8 e B, B ROT 1,
FI TG o 1A 20 7, 5 e DU & WE S S5-3I A 1 W
B A CEE I ectABCD J2 F b i (T W R 45 7 51,
Real-time PCR 43 #7 H: 4 aiAH 56 3 [ 72 A [6] NaCl e
JET RN &, LAB i IO S E Ky 5 -5 ik Y A0
TE = Eh i a A .

1 MpAn 7 %

1.1 ##

L1.1  Fkk: A6 KE YIM 90005 ( = DSM
44590" = CCTCC AA001016") {43 T = i K224 1
AWy B T BT R R = . T Bk B9 B R SR SMIM
(supplemented minimal medium ) % 3% 3, H. e 5 b .
MgSO, - TH,0 (24 g/L) 25 mL/L, Na,HPO, +
K,HPO, (50 mmol/L each) 10 mL/L, Glucose 5 g/L.,
Trace element solution 1 mL/L, Casamino acids (20%
w/v) 10ml/L, Glycine (20% w/v) 25 mL/L
pH 7.0,115°C ,25 min, Trace element solution Jifl J5

T : FeSO, - 7H,0 2 g/L, MnCl, - 2H,0 1 ¢/L,
ZnSO,-7TH,0 1 g/L, 2% F 2 #Y NaCl ¥ B 73 5]
H0,3,5,8,10, 13, 15, 18, 20, 22, 24% ,#&fr
T BB EE NN, TR RTE 28°C 53R AR EOW KR
AR, B SRR TR
1.1.2 FZALER AR : #2 K SuKun SKY-2102C
IR SO A BRA F] s Thermo (5 3842 R 2.0 ML ST
16R, Thermo Scientific, Germany , Real-time {{ %% ABI
7000, Applied Biosystems, Inc, America; PCR ¥
BIO-RAD MyCycler, BIO-RAD, America, Eppendorf
BioPhotometer 8.5 mm  lighter
lichtstrahlhohe, Eppendorf, Germany, Aligent HPLC
1100 ;8 F # A% : C g #£,250 mm x 4.6 nm, Agilent
Technologies, America; i [7 iz 7 & TTANgel Midi
Purification Kit, H 3 5 DP209-2; % # ik # &
TaKaRa pMD-18T Vector, H 5% 5 D101 A ; 4t {4 {& 4
# H] TaKaRa Genome walking Kit, H 5% %5 D316 ;RNA
RHEBGR ) & KM RNA simple Total RNA Kit i
RNA 2 U0 & , H s 5 DP419;cDNA 1 [ §% 5% i
7l & KA TIANScript cDNA {7 &, H £ 5 KR104;
Real-time PCR §" 3 X 7| & KM Real Master Mix
(SYBR Green) , H 35 FP202,
1.2 [OSmEEIE R

JIEL PR R 2 T B 4 Rk R R S B SOk
(10 ], PO & ms ig K 72 5 U & mE 0E & Ik 4.
210 nm; AR :40°C 5 W BIAH < 2K
1.3 MESEIEAREXERNRERE

VU S BE A RS 3 A SE ectA ectB Fll ectC
W, ectB Fe RS 38 BT A TR TR Y D A E S
WEEH eatB () 2 KL R )7 4, & 1 JF 51 W, #E AT
PCR 4" 3 , 13 8 FHPE 7 Bt e, DAL R, ) T 3 £
(L Ay e | B O o 3 K S e S
1.3.1 @&IF519 et d s o IR <7 1 EctB 1y
AT 5, B AEL B A CODEHOP ¥ it JF 51
1,51 F A F P1: 5'-GGCGCCCTGAACTACGG
NCAYAAYMA-3",P2; 5'-CCGTAGTTCAGGGCGCCN
GCNCCNGC-3', 5 nyieit WicHk[ 14 ],
1.3.2 PCR ¥ 34 S ge (K20 8% J i JE K 24H DNA
AIFEIC DL 2 2% SCHR [15 ], PCR R R K 18 55 14
50 ;LLMY/Z%,IO x Buffer 5 pwL,dNTP 4 pL,P1 1 pL,
P2 1pnL,Taq 0.3 wL,H,0 37.7 nL, 4 DNA 1 L,
P 54 . 95°C T AE M 4 min,55°C 1B k& 30 s,72°C %E
fH 30 s 3t 30 ANGFF,72°C ZEH 10 min,
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PHG 7 W 28 B N W B A, DD [ i, Ak, 1K
G R e bE Y . e @A L FE ] TaKaRa Genome
walking Kit (D316) , JF Hf & 45 /F A0 3 WAKH] £
1.3.3  JE5143H7 : GenBank X 5 [ 75 5] 119 5 %) 43
B BEATAZ R e 51 R 28 HE TR 1y 37 e X, 23 A 41> 2k A
4 AL 3 5 0 1 R 1 A T, JF A/ NCBI A BLAST
JE VAU I 19 e 81 1 47 CLUSTAL B R, £ 48 H
http : //www. fruitfly. org/seq _tools/promoter. html i
o3 Hr R 3h 1
1.4 AE NaCl REFZEFTHUEMESHEXE
HRIZEEFR

BEXS ectB, D AT A [F) #h e B2 H B FE I B 2 0k
AT E = A, 5190 B R P3:5'-GAGCTCG-
TCGTCGGACCAGTAGGTGC-3",P4.5'-GCCTGTCCA-
AGTCGATCGGCGGTTAC-3" #1 P5. 5'-GTGCACG-
TCGAAGATCGACCGCAC-3", P6 :5'-CAGGGCTATT-
GGCAGGAACTGGGG-3', §" 84 ;= Wy K & 4 5 N
170 178 bp.

2 &R

2.1 AEEKE YIM 90005" HEMHERAKN

HPLC 7 5 6 0 AN ] 3 vk B2 T FR 52 A 25 P 3 o
YRR o 5, G5 SRR, Bl G Eh VR B AU, D &
W I T 5 -5 ke U S s I o o E B P T2 A A 4
VBT, 7E NaCl YR EE Ry 10% (w/v) B, 3% 1 M Y &
s i PR ok B de KA, 0 18,77 pg/mg TR,
ZJE b NaCl v B2 A 35, i phy O S 0 e 5 o5 340 ¥
Pl /D 5 -0 e IO S AR I 114) 5 340 W 1S I, AR LT A2 1
B RERWRE T (24% NaCl) , Mu N R B K&, B
22.98 wg/mg THRE , 450 ME 1 Pron, Blb®
B, %t F P. alba YIM 90005" 3 i3, 76 /& 2h vk B
FZAKEE A Al Y A BE A 5 -8 I U A g BE AR SN B
W BB E R R Y KB BB E A
2.2 MEMRESHREXERNTE

R A 2 4 DR 2 D00 4 A b %) D s 5 o
ectB R IR T , % IT—X 514, PCR ¥ 14
58 bp

ectA 540 bp

149 bp

30 1

25 1

393
(=}

c(weight dry pg/mg)
S &

w

(=)

NaCl%(w/v)

Bl 1 7F[E NaCliREHEFT P. alba YIM 90005 f
MESEIE(C)RS-EENEERENEE(O)
Fig. 1 Ectoine( diamond) and 5-hydroxyectoine( circle) content of

P. alba YIM 90005 "inoculated at different NaCl concentrations.

i3 500 bp 2o B 7 B KT R 7 W i, i 1 F
pMD-18T #ZAK P, 7F GenBank k4T BLAST [t
B RS SRR, B4 T I R W L[] ectB, 1 i
Genome Walking Kit 7732, 4" #4453 2 H I T {7 7 Be, 3k
#3529 bp BEAF A, Fr g o3 A R B, 4R 449 DNA J
AR 4 56 597 ] — B W AE B ectd, ectB,
ectC, ectD; GenBank J¥ %1 5 i (ectA HQ728267, ectB
HQ728268 , ectC HQT728269, ectD HQ728270) , H.AE £ [H
R B HESUURE e 8R0S R B e 5 P 2 Bl O
XS IEAT 1 TF R RE A, a3 s [l IR
P4y M1 3 M, ectAd J& T NAT _F super family, 5
Saccharomonospora viridis DSM 43017" EctA [f) Y8 1
78.9% ;ectB J& T AAT_I superfamily, 5 S. viridis DSM
43017 "EctB [7] J5 1 & 80. 4% ;ectC J& T Cupin_2 super
family , 5 S. viridis DSM 43017 EctC [R5 % 68.2% ;
ectD J& T PhyH super family, 5 S. wviridis DSM 43017"
EetD [RJ¥EMH:HN 71.2%

i T TR (http . //www. fruitfly. org/seq_tools/
promoter. html) 7£ £k |8 3 F 70 7, 15 3] P. alba YIM
90005 " H1 ectABCD S K 0] i (1 i 3h 1 17 51 S v &
E 3 Fron. ectA  ectB . ectC Fll ectD TF Streptomyces
coelicolor A3(2) T REUEWTEAE y— DR 7ok 5 5%
g AE P oalba YIM 90005" 4% 3[R 2 [a] Bk

204 bp

ectC 393 bp ectD 848 bp

B2 ectABCD HESIIRAF K E R R F 5 REE
Fig.2 Map of the sequence ectABCD.
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GTCTTGATCGGTAGCTCGCTGTCGTCATCATCACGCAGGTTTCTGC

GTTGCTGCAGGTTAATCGGGTGATCGAGCGCGTTGCATGCTGAGA
ectA -35
CAGGAACGCGGACCTGTTAGATTGCTTCAATATGTCCGGAAAGCA
sD _10 M s G K H
CACAAAGCGTGCCAACGGCGATAATGATTCGGCGGGCCACGTGGT
T K R A N G D N D S A G H v A\
GATCGAACCACCAGCGGCG = » = = = =+ ATCGCCCGGCGCGAGCC
I E
ectB
GGCACAACCCGAGATTTGCCTGAAAAGCAGGAGCTGAGAACGTG

SD M
AGCATCTTCGAAAAGCTCGAGTCCCAGGTGCGGAGCTACAGCCGC
S | F E K L E S Q V R s Y S R

GGCTGGCCCGTGG » = » » « » GCTCACCGCCCGGCTGCGTCCTC
GGACGTCACGCCGGGCGGTGAGACGTCGTCGTGGCGTAGCAGCC

GTCACCCCCGTTTTCGAGCACAATGTCGGGTAACACTCGATCCAC
ectC
CCGACCGAAGGAGTTGCCTTGTTCGTCCGCACCATCGACGACATC
SD M 1 v R T I D D I
ACGGACACCGACGCCGATATCAAGACCGACAACTGGCGCAGCAA
T D T D A D I K T D N W s K R

GCGCATCGTCCTCGCCAAG » = = = = - GCCGGGTTCTCGCGTTTC
I v L A K

ACGAGAGGAATAACCAGGAAGAAGGTAGAAACAGAGATTCGTAG
ectD
GAGGAGAACGTGACTCTTGCGGACCGATTTTCCGAAATGTCCGGC
SD M S G
AATGCCGATGTGTCCTTCCGTGGGGCTTACCCGAACGGCGGAACG

N A D v S F R

A Y P N G G T

B3 ectABCD IFF D &R

Fig.3 The sequence analysis of ectABCD gene cluster.

AT — € W B 8] B# 7 51, AHAE ectB (ectC Fl ectD |
W BN AT IR B o0 b, A R B REM R B FIX .
M ectABCD W] REAE A 7] — 4N 7 4775 5% o
2.3 AEBREEFTHEEREREXERE
EHEEAR

4% P. alba YIM 90005 " U 4 1 i 11 ¥ 3 Y 4
W WE A 3L K 5 ectABCD i, 3F — 25 5t H AR R R 3
W M T RK AT, K P alba YIM
90005" ¢ SMM 5 3% 5 rp 1% 3% 28 35 B0, 6 W )% 43
514 0,3.,5.8.10,13,15,18,20,22 .24% (w/v) . UL
16S Sy N S A80F X o £ 0 MT L 45 SR R ectB, D 1 3%
Ik 1 I 1% % 2 NaCl ¥ BE i 3 n — B A2 0 15k 3,
FEIZ DA BB 52 1 i tm 3R W B T (24 % NaCl) | HAH X
FE IR B KA . I8 IR 1 A X 3R 5k o B R A
BOEAR — 30, Bem KRS0 11 15, E 4 Fros.
IegE R FW  FEFmER &, P, alba YIM 90005" Y
W R R DO E R MR T R R, R K
§E ectABCD SEHFE W) = sk Fe ik . IR, 1% B Ak BB 7E
0-24% NaCl B BN A K BRI, Bl S
ectABCD F [H 52 $h 8 45 Fe 18 #H G o

N W

—NWEUNUANIOOO—

Relative expression level

10 13 15 18 20 22 24
NaCl%(w/v)

0o 3 5 8

El4 ectB(O)RectD(O)BMRIEEELER
Fig. 4 Relative quantification of ectB ( diamond ) and ectD

(circle) at different salt concentrations.

3 itk

AW FE DA AR o T AR B 4 T P, alba YIM
90005" MBI FE R KL, 434 T M B e B 31 v 5 vk
— A B ER v BE B R M oA AR SR AR A A T, 45
H R, P. alba YIM 90005" 3= FH 2 U & w5 I Al
5 -3 L U &g WE R A A A PR BT, AE NaCl ¥k B2 Oy
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109 IR, DU 500 WE A9 i PN e 5 e R AR SR MR > 15%
J&i ,5-FR HL D WE E R R B AR A T, BT
2 FhAH AR AR S & i b AR
SERE T DY WS E K 5-¥5 Kk IO A BE G R G Bk
ectABCD , TR 31 5 73 Bt A4 73 B 2 B, ectABCD
i F—# 9\ 1+, Real-time PCR £ M, ectB, D [F]
K, IF HBEAE NaCl ¥ B2 9 1506 M N 7Y 305 i
LB R 2 B A v R MR B I, Rk IR B R R
(B o ectD F 33107 10 S0 W87 GE A M 1b Ay 5 -5 ik D) A
WE, P. alba YIM 90005" g Py 5-¥5 5 U &0 15 I L Py
AWIEMNTERGEZN EERKEATREMT
Streptomyces coelicolor A3 (2), 7F ectABCD %% 5t hy
mRNA J5 LR SE ectD #8508 16 8% 5 1 5 1
EctD iy k" o RIS -5 DU 0 W85 I L DU 20
WE A P B A S O I AR S 0 P ) % e S
A S A A A R LN R O ) A B R AR A
YERT, & A IEH6 2 W] 5-2 J D &0 W5 0 L DY S s BE Xof
L P B B A A B AP VR AR S A R
UESE 5-FE S P S WEIE S P, alba YIM 90005" 7£ 4% 5
AR BE SR N RSB N SR ARSI B, A
RO 5PV TR0 1 B T B2 P, alba YIM 90005 fE
it 57 5 Wk 3K 24.% TR R T AE

C A TR 5 2 W, 0 D &0 WE 5 8 i 1) e B
B Halomonas elongata 7t = b i JE T F) HIAH 725 P %%
J & B A T A A R R L I 7R R K
W58 TAEH X P alba YIM 90005 A %5 V% i &
G O B e DR R 53k O 2 A i R B 2 R AT ) RE X i
T R AL A v B o s P 1 P A R 2 P 0 T o 2 R AT
HisE . {H P. alba YIM 90005" fiff £ ML 52 40 s 42 )=
P, 25 IR 28 P VA JBT %) o 28 AN 5 A8 A R A R
FE R ERRE Sy o B BT 1E TR ST P 20 e 0
JE R TZ A Y 4 35 DRL2H 1 AT 43 B T LT H: Al A 2
PEVE Y G A A SR 2 R AT RS B B0, 2 s R AT
R B S5 2~ BUER 11 2 2 0 T 95 2RORE 0 T 3 3 LT
1M =1 B R PE AT IR AR #57
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Cloning and characterization of gene cluster for
biosynthesis of ectoine and S-hydroxyectoine from extreme

halotolerant actinomycete strain Prauserella alba YIM
90005 "

Yan Li"**, Lei Dong'®, Lei Wang®, Fujin Fang', Min He'
Liang' , Shukun Tang', Wenjun Li'*

, , Zhongying Cao', Yuan

'Key Laboratory for Microbial Resources of the Ministry of Education, Yunnan Institute of Microbiology, Yunnan
University, Kunming 650091, China

*State Key Laboratories for Agrobiotechnology, College of Biological Sciences, China Agricultural University, Beijing
100093, China

Abstract: [ Objective | To study adaptive mechanism in hypersaline environments of extreme halotolerant filamentous
actinomycetes. [ Methods ] Using HPLC we analyzed compatible solutes from extreme halotolerant filamentous
actinomycete strain Prauserella alba YIM 90005 that was cultivated at different NaCl concentrations. [ Results] Ectoine
and S-hydroxyectoine were two major compatible solutes for strain Prauserella alba YIM 90005". Ectoine accumulated to
the maximum content of 18. 77 pg/mg dry cell weight after being inoculated in 10% NaCl (w/v). And 5-hydroxyectoine
reached 22. 98 pg/mg dry cell weight after being inoculated in 24% NaCl (w/v). The ectA ( acyliransferase) , ectB
(‘aminotransferase ) , ectC ( ectoine synthase) and ectD (ectoine hydroxylase) genes cluster encoding genes on ectoine and
hydroxyectoine synthesis were further cloned by designing the degenerate primer and genome walking methods. The
sequence analysis indicated that ectABCD was an operon. Furthermore, the expression of ectB and ectD inoculated at
different salt concentrations was quantified by real-time PCR, and the results indicated that the expression of the gene
cluster would be increasing as the salt concentration increased. [ Conclusion] 5-hydroxyectoine was the major compatible
solute for osmotic regulation of strain Prauserella alba YIM 90005" to adapt high salt concentration.

Keywords: Prause Prauserella alba, Compatible solutes, Ectoine, Gene clone
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