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iRERXE

Halomonas venusta DSM4743 i EERE T
WERPATI=Y I RSE Ey;
o Dh EEX KA

CREMmFRPIER 5 TR O7 K& 116026)

i E: B G NaClRE, B 5085 e i R E BB & e Ak, AR W 808w & B2
AL, S TREWAE RO HEXFE LA ZFREL. FRTHR. NaClRE. BEF R
=t Halomonas venusta DSM4743 v 278 % & 9% 70, % 5T RACEAF T 69 W S50 o d & B
Az, FAR@RAF T EHEWAER, EREAN: SABREMNAE—HKIIR. NaCl KEH
1.5 mol/L. & &R EAH 0.5%0) FMHH AT EEREM. ERAEMHET 10 L LBH S HE
B, WAERRKEREN 3.2¢g/L, EARIKEH 2.7 g/(Ld), BiLmE 5" L L4 & W A E%, 6
IR FRTE, WA RESRED 147 oL, BHLTH 143 gL, FHEHLER 97%,
SR E 2.1 g/(L-d). FEE®RE Halomonas venusta DSM4AT43 ot % 32 2 iR Z 49 NaCl, M v K
IR R L BAER &, ML KBS R mB T L2, RAF T R 56w 88 &%,
X8EiR: P EE R H, Halomonas venusta DSM4743, v &8, @B #45, BEE T &

Ectoine Synthesis and Release Under Osmotic
Shock in Halomonas venusta DSM4743
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Abstract: In order to improve the productivity of Ectoine, the strain which could resist to higher ha-
lostress of NaCl concentration and synthesize higher intracellular Ectoine concentration was adopted.
The fermentation conditions and processes of Ectoine were assessed. The impacts of carbon source and
concentration of NaCl and yeast extract on the synthesizing Ectoine with Halomonas venusta DSM4743
were investigated. The batch fermentation processe of Ectoine was investigated under the optimum
conditions and the Ectoine was produced by “bacterial milking”. As the results showed, the amount of
synthesized Ectoine could be enhanced when the medium adopted monosodium glutamate as the sole
source of carbon and nitrogen, and at the same time in 1.5 mol/L NaCl and 0.5% yeast extract. Under
optimal conditions, batch fermentations were performed in a 10-liter fermentor. The maximum Ectoine
concentration and the Ectoine productivity were 3.2 g/L and 2.7 g/(L-d), respectively. Ectoine was pro-
duced by Halomonas venusta DSM4743 with “bacterial milking”. The total concentration of synthe-
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sized and released Ectoine were 14.7 g/L and 14.3 g/L, respectively. The average release rate of Ectoine

was 97% and the Ectoine productivity was 2.1 g/(L-d) after six cycles of osmotic shock. Moderately

halophilic bacterial strain Halomonas venusta DSM4743 was tolerant to higher NaCl concentrations and

had the higher threshold of intracellular Ectoine concentration. The higher Ectoine productivity was

obtained with the optimization of fermentation conditions and “bacterial milking”.

Keywords: Moderately halophilic bacterial strain, Halomonas venusta DSM4743, Ectoine, Bacterial milk-

ing, Osmotic shock

rh g ER AR A o A M R —, BB
i} 52 4 o B AR BE 45 48, TE B & R E T, @t 7e
20 L N AR R I8 35 M R HRP A I AR 1 B
BEE, fFraifemeds . SR IIRE, 1R
WE (1,4,5,6- 0 5 -2- 1 -4 WE 2 TR ) A 70 A 35 g R 't
A Yl i (Ectothiorhodospira halochloris strain DSM
1059) AR H i U & B RAR 3R MR, 2 rp g £k
AT b T B S T AME PRI BT, O S E AN H RE
B T A 998 35 1, T ELAE =i . R VR R TR AR
WL, XJHE . DNA . 4 A A0 i e O 4 1
BT, R AE o dt . AR L 3R 245
G EA T Z RN ETR . BT A RE A
T, ARMEE2EOE G B, IR E )
TR TR A2 v U S0 I o) 4 R4 3R 114 [ g 52 38 ek R

BOE 2 B AT, OC T Y (s IE il A 2R i 5T,
F2 B TR TR R O A S A T AT I PE R IR TR
(Marinococcus halophilus) . W) A= TN E (V. costi-
cola) . ¥ My B Bl (Halomonas) I #F 1 ¥ 1 J&
(Bacillus) 55 22 T A= W 1) D &0 W8 E 5 BB 5% 4 i
1% Thomas Sauer %5 A% FH 4l i $F 3 (Bacterial
milking)” .25, KU B MU 3R & 1 DO & W8 E 1) A R
L, ORI B 2 DU A R E Y G R R
3.3 g/(L-d)"*!, Annelies E. Onraedt %5 A AL T Bk ik
JE | EEREE U I ARG R AR R AT DSM
20659 (Brevibacterium epidermis DSM 20659) Y 5 &
WE & FERYS2, 1 mol/L NaCl 44t & B (AR #MEFAY),
BRAMTER 19.6 g/L, FAAL T 40 MY DY S0 e
HHER 0.1 g/g, PUEMERER KA MEN 1.6 g/L,
ERECER 1.1 g/(L-d)!' 4k R Y DY
WE - 0 R AT AR R (1) B 5T A A0 1 DO
WENE A Wl i 5 M ANE B TR 5 IEAH G, R  & mE nE
B R Pl 2 37 R A BG IITTHE i, SR R 2 R (AN
W NaChes FEA AR ZESARERT . (2)

>4 24 Y DL S I R B VR B, G i A7 )
T, B SR E A e A2 R PR O A E VA R 1
E RGBT PRk, RPN 5245 5 NaCl ¥R BERY, i
. o S PN R R R T R, X T4 v
S E 1) 1] 2 ROR A SEPR R S

A SCHGE E R Halomonas venusta DSM4743 (H.
venusta DSM4743)7E NaCl 55 & WU S W e, 1
HAZ AR A A 3l NaClo B | B4 o 28 40 Jif Y
AMENES A . LA TR . NaClLk B | %
KB RIEXT H venusta DSM4743 PUS I IEA AL
BRI, FERCALSRPE ™ 10 L & BEmE it A B, fek
i E R 18.6 g/L, FAA T 40 Y DU S0 RE A R
WO 0.2 g/g, DUEMENER KA KGN 3.2 gL, A
RN 2.7 g/(L-d)o 38 IE 4 PR 5 T 25 i 46 DU s
WE, 6 BE KMt IR, H. venusta DSM4743 VU
WEE A NN 14.7 g/L, BRI 14.3 g/L, F
YIBCR A 97 %, S ELE 2.1 g/(L-d).

1 MRS

1.1
H. venusta DSM4743, W 5 #%E DSMZ (German

Collection of Microorganisms and Cell Cultures)/\ ] .
1.2 EFE

MG 15555 L-monosodium glutamate 200 mmol/L,
I AL R A W A R (%, W/V): KH,PO, 0.30,
K,HPO,4-3H,0 1.18, MgSO,47H,0 0.04, MnSO4-H,0
0.001, EEHEEE 0.5%. NaCl ¥ Hh S0 4 Fif 5 o
pH 7.0,

MM63 1z %73 (mmol/L): KH,PO, 100, KOH 75,
(NH,4),SO,4 40, MgSO,4 1, FeSO,4 0.01, D-Glucose 200,
NaCl ¥ JE th 5256 2 Fif € . pH 7.0,

MGG {5 3% % (mmol/L): KH,PO4 100, KOH 75,
(NH,),SO4 30, MgSO,4 1, FeSO,4 0.01, D-Glucose 150,
L-monosodium glutamate 50, NaCl ¥ J& th 5256 45
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i€ . pH 7.0,
1.3 MEMEERISESESR

ik 30°C, #&IK 120 /min 8555 24 h )5, #%
1%4% b B 55 4% 2 = M )fL(30 mL/300 mL) 30°C .
120 r/min &R K 3%

1.4 MUEMELERNE

HPLC W& Jrik: BRI 1 mL, 4°C,
12000 r/min .0 15 min, 3 _EiF; H&A NaCl iy
K,HPO,-KH,PO, 2% i ¥ (100 mmol/L, pH 7.0,
NaCl ¥ Ji 5 K575 5Lk B AR [ PR i A, 25,0 D00
FINA 1 mL 80% B, &%, ERiFELK. &iF
WL, B RO F HPLC M5 . R TOSOH
TSK-GEL S AH 3%+, 50 mmol/L K,HPO,-KH,PO,
e PR TR ENA, AR 35°C, Wi 1 mL/min, %2
AN, RGP 210 nm ., H DY 008 AR v S (2l
> 97%, fi[E BIOMOL 72 &))Hf 22 H WAt [i]

WG IEGR (NMR)II E 777 i%: T HPLC %€ (1)
FES, R ZE R AR, HOpEIFFEKDO)Y, H
F NMR i HMTS NMR 0 GE 7 A% g R DAY
(Varian INOVA 400 M, Varian 2\ 7], 3£ F#E17,
Pu HT S S (TMS) i N AR 91, 400 MHz T i og
PC-NMR U % o 052 B 55 SCHR[ 1140 E (1 DU S
[ PC-NMR 3 3% i A7 B b 5 2
1.5 ApFEINE

R BEW, 4°C . 12000 r/min 250 15 min, B
K &A NaCl [ K,HPO,-KH,PO, 2% th ¥ Wik
(100 mmol/L, pH 7.0, NaCl ¥ i 5 8% 7 FL vk 5 A [A])
VeV, BLJETUTHE 90°C T HIHE, PRk,

1.6 AEES#HEE

10 L ARERETIGFRERE 4.5 L, HflE 5%,
fEE pH 7.0, fHIE 30°C, PRI A AKT-AE 20% L
b, AT U ) U H0(0.015%, H iR AR )k
oL ifl .

1.7 “@ARAFPH TZH & MNSEE

H. venusta DSM4743 7F 1.5 mol/L NaCl i) MG
FFRHE SR 48 h, KEEW T 4°C. 12000 r/min &
O 15 min, B0 Y T 1A T B BOF T A RN 4l
JKHr, 20°C #5815 min, BERLPUEMENE . FRE.OIL
A B B AR E T B TR TR R ) MG 5557 5(1.5 mol/L
NaCl)h, #kZERE5% 24 h 5 (K5 il . R Lk
DGR
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2 i

2.1 H. venusta DSM4743 7£ NaCl F 5 T & BT
SELE

Wk H. venusta DSM4743 £ 1.5 mol/L NaCl
1) MG 55238 = MRS SR, 36 h R BER,
P 1,47 3047 HPLC 5, 52 B DU & s e 4R AiE
W R T v 1. 47 AT DU S RE A NMR 255,
SESR LI 1 RIS C-1. C-2. C-3, C-4. C-5,
C-6 710, B IAE fh 1Y PC-NMR 3% K 5 Sk 1]
F DU S E B S R — 2, R H. venusta DSM4743
TE NaCl 15 5 T A B U S e B

— 176.808
— 160.609
— 53.313
— 37.477

N

S c2 €3
H.C N7 Coo" T ca
1 C-6

H 1

C-1C-5
200 150 100 50 0
& (ppm)

1 H. venusta DSM4743 & U S % 1E NMR ¥ &
Fig. 1 NMR spectra of synthesized Ectoine by H. venusta
DSM4743

22 BEFENS XS ERES IR

221 ARBKREXOSIEESKARIFNE: RH 10 L
RERE A, 3B 58 T 55374k MM63 MG Fil
MGG i PU S E A R IR, 459 0L 2 R 1.
X3 Bl IR I P A R R o SR A . A AR AN
FHE P S R AR LR AT .. MG K93 i
e 14 VU A M I A iR (3.2 @/L) i e KK BT 200 i Y
W IE A (0.2 g/g) e B AR 2R (0.093 g/g).
DL S R Bl E— R R R MG B3R5 T
H. venusta DSM4743 & % U E0E, NIEALAYIG SR
Ho IR 1A FE W, #AFE IR MM63 5 5%
JE, AT E AR (32.6 g/L); AR E R BN
TRARIE S 373 MGG, k%40 i 1 & f (A0
S W I R T T S [R]85 (26 h) o
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F 1 BRIROSMEES AT

Table 1 Effect of carbon source medium on synthesized Ectoin

MM63 H5 55 5t MGG #5575 MG ;57 2k
MM63 medium MGG medium MG medium
R 20 T 32.6 22.6 18.6
Maximum of cell dry weight (g/L) (28 h) (26 h) (28 h)
e R U A 2.2 3.1 3.2
Maximum of synthesized Ectoine (g/L) (28 h) (26 h) (28 h)
LA 240 7O I i
The amount of Ectoine synthesized by per gram 0.1 0.1 0.2
cell dry weight (g/g)
U A R g A AR
EWEE”@,&K , . 1.9 2.8 57
The productivity of synthesized Ectoine [g/(L*d)]
Hefe 0.045 0.07 0.093

The conversion rate of Ectoine on substrate (g/g)

TE: B FRAERY NaCl¥REE R 1.5 mol/L; 45 %5 r A EICH Ay 1k 21 di K4 i 1 5 R 32k 3] die K 170 2 WA W 45 J Ak 9 5% 9 T 1] (h).
Note: The NaCl concentration was 1.5 mol/L on MG medium. The culture time were marked with brackets when the maximum cell dry
weight and the maximum amount of Ectoine were reached and the unit was hour (h).

357 24 = PUSUHIE Ectoine 12
~ 30 F % 20 | —o— Ylifg T Cell dry weight 0
g2 .| a2 A\ iy 2
2 g 25 uﬁé L6 & ool T3 {8 @2
2% 20| = E gD
& 5 4§ 12 6 12
o | " 2
g § b =3 § 0.8 / [ 4 %g
® 2 1.0} ®E “ |7 %
22 =i <
3 05 | 8 04 2
5 P va A 0 1l
0 2 4 6 8 101214 16 18 20 22 24 26 28 30 025 050 100 1150 200 2.50
t () NaCl concentration (mol/L)
: 3 NaClRER H. venusta DSM4743 T S IEIE & B HY
2 BRRM H. venusta DSMAT43 SRS MBI o0 = -
F.ig. 2 Tl_le influence of carbon source medium on synthe- Fig.3 The influence of NaCl concentrations on synthesized
sized Ectoine of H. venusta DSM4743 Ectoine of H. venusta DSM4743
2.2.2 NaCliREX S EES KR FN: % MG 357 R 132
= [US¥IE Ectoine
iR NaCl W43 5128 0.25, 0.50, 1.00, —O—4iifi T Cell dry weight
1,50, 2.00, 2.50 mol/L, =fIEMMiLEF 48h, WiE 53 7% 12 5
> oz = :/ = ] -~
I NaCl KISV £ I A=, 26 S8 | T = | e
3. HEEFI NaClKIE R 1.50 molL B, 41 G & e {168 g
- S TN . . w2 ol
AR SRS, A 82 gL A g S e 25
78 o=
1.8 g/L. 4 NaCl ¥ #i 1 2.00 mol/L i, 4ifff:+ 2 g g ©
=) e e iy S v k07T
SRR, PR D S E G B
223 EBEESERMEXNSEESKZMmE: L o . . . 0
1.50 mol/L NaCl 9y MG }ige3e AHeal, 70 9dshn 0 0.5 1.0 15

Yeast extract concentration (%)

0.5% . 1% 1.5% M B REFY, —fMIMFEHEEIF 48 h, %
B RE TR VR ] DU 400 I 2 TR B S IR, 6% SR L IR 4 BEERMMEX H. venusta DSM4743 MEHIE S

4. U K BRE R B U B T B b, PR

Fig. 4 The influence of yeast extract concentrations on
SR 0.5% M BB B IS & & A F T VU & M8 BE 1) A synthesized Ectoine of H. venusta DSM4743
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A, PUSMENE A RN 2.4 g/L; BRI INEEREE )
DU A B T 31.7%, I YRR AN N
e T 1%0, U WS E G R b
23 MUEHTHEEE LB HE

TE 10 L & FEGE 2 SR A0 A5 1R T DU 0w e % 13
PR, SR WE S s, Bk H venusta DSM4743
2 6 h AEIR M, FEAXE AR, 26 h ikFP 1,
30 h A A R, T E B R(E R 18.6 g /L. U
S E By g e i A B A R ERR IR A B dk
41 i T B PO A S R R B i R 3.2 g/L,
AT 20 L DY S E ) A BN 0.2 g/g; DU IE
AR 2.7 g/(L-d)s

351 = pumEnE Ectoine 120
—o— 4fiffi +E Cell dry weight ]
g H 16

b
(=]
T

Hi

i

>
AT E@L)

el
o
Cell dry weight (g/L)

—_
W
T
(o]

U SR E A B (/L)
Ectoine concentration (g/L)
s

o
W

0 4 6 8 1012 14 16 18 20 22 24 26 28 30
¢ (h)

5 H. venusta DSM4743 [0 S I% 0E 4 B i3t 12
Fig. 5 Time course of H. venusta DSM4743 batch fermen-
tation with synthesized Ectoine

2.4 “HEFPLEHE NS EGE
TERmBE R T H venusta DSM4743 K6
VO S E (B FE 48 h, TUE MERE & AN 2.3 g/L),
140 2 A2 0% TR b InF, 2 PR SURE T P 1% O A
WERE, BEHURZIA 94.6% . MU ER 2 B iERN
Wi ARG, Bes B & U A WENE . H. venusta
DSMA4743 HAG 1 <S5 37 T 20 % DU M WE 1) 2%
o $ITEE<2.7°FIH H. venusta DSM4743 “HE#¢
Wy T AR A mE e, 4558 WK 6. HiFfT T 6 X
B E i ERS, 1.5 mol/L NaCl BB @ ili N, H
venusta DSM4743 PUS MENE R G RN 2.5 g/L;
2 e obidy, PO IE Y REE= 2.4 g/L. 61
TN G S e A o 14.7 /L, BRHCE N
14.3 g/L, FIIBHCR N 97%, A WACK 2.1 gl(L-d).

http://journals.im.ac.cn/wswxtbcn

32 r O BJHIYEMLE The amonts of released Ectoine
Y iP5 BE DU S EIE Residual Ectoine in cell
28 _}

241 o - B

—=

20
1.6
12

Ectoine concentration (g/L)

PO S RE A B (/L)

0.8

0 L L L L NN
48 72 96 120 144 168
t(h)

6 H. venusta DSM4743“WE 117 L2 & U S B IE
BB S B

Fig. 6 Synthesis and release of Ectoine with “bacterial
milking” of H. venusta DSM4743

3 it
ASCE ARIE kK H. venusta DSM4743 GEMSTE
NaCl 55 N &m0 A nE . 1% A K il NaCl
VS A2 e S PR T A O A e A,
I DO S E A R R R . FERA SRR 10 L Kk i
K, RN T E 18.6 /L, AL T 40Nl A
WARES BN 0.2 g/g, PUEMERER KRN 32 g/L, &
LA 2.7 g/(L-d), A B i SCERHRIE 1B = 7K
H. venusta DSM4743“AN 515 1.2 £ DU & Mg E,
DU SR IE M A RN 14.7 g/L, RBIE N 14.3 g/L,
A RBCE 2.1 g/(L-d).
AN [ Tt 058 %o 170 50 5 14 582 W) 5 10 50 I 1Y)
H MBS A R N A 5, DU RE Y A s AR S
R ORI RAAR . RAER-B-WEIR . KA
fR-B-2flE . L-2,4-— &I TR . Ny-LME-2,4- &%
TR, )5 A ok Y el Hh RO 2 iR
A5 R R A BRIV TR 4 B4 TR -B-F B AR oy
L-2,4- "8 3 TR L, Y575 24y S e o 4 4 3t
G . Y LA 2 W A E— i R, A
HMP &2 F EMP i 124 lifigfe . A —RIRTE R,
PRI A ) T M A 4 4 DA 0 TR B A M — Tl 2L
DRI, 7% SR 1 I B N o R R JE A =
RIRVEIR, RIF&EE T LR ERE W, H
TR T 2 i S AR AR AT BOBE B, DA R AR AR
oK I, A2 R EAN iR i MG iR 5, H2
oA K o 2 D TR IR ) MM63 BEFR I,
© FEMFERMEDARAATIKSHIES http://

journals. im. ac. cn



HBWT 45 Halomonas venusta DSM4743 153% J& vl T DU S W IE &

SRR 1095

B, MG 55375 i 4 2 R 54 o 10 S0 IE 45
A TP Y B £ PR 78 Ry R A SRR I LN N R 4 2
FR-B- WAy L-2,4- a3 TR O, #2406 T
FErEIE, Hitt, WEENES R SR
KAMRAIIRAT MGG Bigedt, Bpalin) A2
BIoRBRIRR MG RiedE, e g E KK
W, DU MRS R IR R, BURE L MM63
MR FRAL . AT A AR AN AR R, B f
ey WO S W G I I LR Y T BB

O A1 1 DY S R I K P R -t (I AR A e
35 H, Annelies E. Onraedt 2 AF| ] Brevibacterium
epidermis DSM 20659 [, & A% R 1.1 g/(L-d)!',
Thomas Sauer ARIEAY Halomonas elongata DSM
1424 B8 5 W3 125 v, 20 B B 0% i ) 4 4K
i AN At K e 20 B B, DA BE S AL R
1.1 g/L-d)™, o] {45 4 1 LA DU S P e Sy 3 B AR 25
PR IR TR RS SR 115 RG4S AR, i3 whili
I 22 T R R % bR SRRl ) s E B 20 L A, R i
4 1.608 mmol/g CDW, #5 &AM 70%!1™,
LR FRAE 1 Halomonas salina TA-4 4 15% NaCl
W R BRI G U A E 60.3 mg/g CDW, 17K
HRHEA TR S phs 40 min 5, BEBU S ERE 57.3 mg/g
CDW, N AR 95%, ZMIA7 3% % 88.9%!1),

RS E, R T R ERE LR s A
Halomonas salina TA-4 B.£& T 4N H U T4 &
O S E 1) B AR S o

A SCHRIE W H. venusta DSMA743 VU & W5 g 3%
Wy T2 AR R R (1) 7 E S R B
[2.7 g/(L-d)], BEAIERp U MERE A B, SFY
4 2.5 g/L (1.956 mmol/g CDW, 277.8 mg/g CDW),
(2) DY S IE RS CR 51(97%); Thomas Sauer %5 A
Halomonas elongata DSM 142 “4# £ 5058, M
W e BRI R AL N 60%; Nagata 5 AWF 5 T
Brevibacterium sp. JICM 6894 HY“4HEEH U T2, M
A BEE B R Ny 48.9%M; il et S5 4R 38 Y o EE
REERE 115 fRB whiE BECR L 70%1Y, (3) M2 AR
B Hhidy, TRk bR U S M NE ST, BRI
T 1.5 mol/L NaCl y¥sFRAErh, RMKEE K5
B RN EHBEEEFRIET, H venusta DSM4743 1)}
REm A I S ENE, /T 5 AEIRT, TR ES
AR UCH T ;. Thomas Sauer 55 ARIBESE, N

TARFF BTG R, TE 3% NaCliE i R &
mA G, HOB R B E AR 60%)Y . H. venusta
DSM4743 HF M 05 BA B E LA H

2 % X M
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