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o R A RARTHR SE 2 R P i R T 2,
T AR AR A 2 7 B PR A,

AT ZEEFAAL T 500 H. elongata DSM 25817
W0 22 PRl R T ) 4 JI 3 R 1A 3 % L 03 B T e
i, JFTE 5 L RMERE KV 42T H. elongata 145 1K,
Br R B 0 R ARG O s e TIRAL IS (96 s 77
BE O3 [R) R 30 T 200 A K R B TR R AT s A0 N T
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1.1 FERFRF
111 B AEAR  SC50 R AP AE K 3 B M 7 . DSM
25817, J@ i B Mg AR R 24 G MR Al e, o b R
B AR P T At
112 BARESESLH

(D) RIS AL RE 7R 3 (g/L) : 2 F R 10.00, B+
1 5.00, &bk 80.00, EEAE 16.00, pH 7.00+0.10,

(2) B 7 45 7 5 (g/L) - BEBE R 5.00. 2 1 R
10.00. 444L%H 80.00, pH 7.00+0.10.

(3)M63 15 37 3 iz B Fatollahi 25 22 il iR i 5 1%
Be il ; PTM1 fof i 0 K ¥ W #% IR Charoenrat 5523 S5
W7 R R
1.2 Wi 5 RAE
12.1 EBME  SBA-40E Bl AWML AL (LR
AR B AW ST ) s pHF (4R 8 -FE 8 £ )
GZX-9420 MBE # 5 XUHEAE (42 3% By a8 5 S L AR
Yy IR # (i [ 5 A A TR S & AT BRZA 7)) ; LC-
2010A A 3 OB AH 1% (H AR 5 3 A Al D) 5 YXQ-LB-
100SII %4 J& J) 78 15 K 25 (BOXUN) ; FA1004 U+
KA (g RAPALES T AR AR A ) 5 ZWYC-
2933 AU I HE IR 5 TR AR 3 i (LR I a3 A {3
A PR ) ; VARIOSKAN LUX B il b5 A% (38 2R &
HRBHEAFD
1.22 AW 7k

(D) ZEYr A v B MR . 600 nm
P I W B (ODygy) 5 4K 1 8 (Dry Cell
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HEAR Th LT 2 fE L, AR, AR T IS IR O
EHAEL AL, 15 DCW=0.425%0Dg

(2) 7 26 A P8 S DNy s+ 2 TR AR B ¥ i
FTIE MM B, 28 0.22 um K R85 ti 2B W o b f%
SRR I A

()R e 22 9 B A Oy 2 BUR I 2 i 4tk
FikE 3455, ISR BRTE R URIFEE ML T 65 Hz
5 TS 30 mine HUHJ 283 12000 t/min $4 38T
B0 5 min EPLTE, FIFZ 0.22 um 7K R IR IE LR A
ZAH/INIE, REIN . K 5 22 PR i 5 HE HPLC A,
fifi [ SB-C18 {3 4 (250 mm x 4.6 mm, 5 um, Agilent
aED), WA K - CIE (R 98 = 2), fHE i
0.5 mL/min, FEI 30 °C, ¥ 2% &y SPD-20AV, £¢
AR R 4210 nm24,
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Fig. 1 Effects of different carbon factors on cell growth of
H.elongata

2.1.2 Plackett-Burmans: 36k 5 & E o4 A WF
GRS G B B R Wk B (510 g/L) T H. elongata
DSM 25817 ({721 G iR AR ARG . T Ik A 3,
TEOCIEE FE i B, 4 Plackett-Burman 5250 1% 11
e LU AE M AR, 26 ERERE IR 5L (R0 10 /L
PTM 11 mL/L; &AL %4 60 g/L) I+ F] H Design-Expert
8.06 Trial #4024 T HAR St n=12 1 Plackett-
Burman SZ 55 ¥ 3, %48 T G UG IR A AT B R
B SAE . BERR A AN BRIR AN . SEALER . BRAREE
BREREE . BLERAS 8 ™ 20 X A 4 3 PAU I B A K Y 52
M, F) A 250 mL FE2 553 10 h J5 I ODyyy S5 56
BETT R 2K K it L3 1, SCIR 28 50 0L 3 2, PR35
FRAAEY R, FABE 3 HFT,

SR IRA 53 WA B 45 35 TR B o X AR W i (Y) 52
WP E e, Y=3.73-0.0914+0.21B+0.085C—0.041 D+
0.088E-0.090F—0.13G—0.035H., X} p{H N 0.0212
(<0.05), & B XS T AE Wy it 37 43 J9t el 57 79 T U3 5 7 ik

F. BALEN p 1 0.0046<0.01, F& B 4810 B 12 5
AR R R . BEARAR I R A i
UK 5 22 PR AR P2 e BT B2 3 U0, AP R A L i
PR R . DR BF . BRIREE Y p (H/N T 0.05, K] X L2y
Jo A 2 5 0 40 M AE K Y B 2 IR . Plackett-Burma 52
4 R M JE B T LA JURP RS 35 58 8o 1 B
VS 0 R s BRI 2.50 /L, b K A B R BE
3.00 g/L, BREREE 0.25 g/L, fifR%: 0.09 g/L, + — /K #f
TR %M 7.50 g/L.
2.1.3 Central Composite Design3% 323X it 5 25 R 547

T 97 2% W R Wk 32 52 i 4K e 22 PR 6 B i 22 [
FR0 ) H AR S S 1 5 ) A K B P A
WERNKER: FrER (X)) A OG), B 512
HEAK 5 Z2 R G i 22 R Ak OG) HHSS &
i H A A S P KX 3 R N K L R R
KR Y) IR 2 H G K 2 ] 5 V)1
SO, SR 3 HPAT, 2 KR MoK SR st
L3, AT as UL R 40 A T W B A A, B
Design Expert 8.06 R4 i 56 £ 4l #4777 22 53 Hr F
TR EIREA, 152 LU P A B FR BRI
£ 0 R )5 TR Y,=8.48+0.13X,—0.21.X,—0.084.X,—
0.059X,X,+0.24X,X,—0.32X,X,—1.59X,>—1.53X,>—1.54X.%;
Y,=620.99+9.02X,+15.74X,+44.39X,+34.89.X, X,—
4.82X,.X,—17.98X,X,—95.16X,>~110.30X,>-139.20X;2,
LY, Syt 7 A PRSI o R B RP=0.978 9, K IE YesE
F B R?,4=0.9599, p<0.000 1, BL AL = 3% . LA Y,
Shy W 7 A ARE R T T R A R?=0.9809, 1K IE P g &
B R?,;=0.963 6, p<0.000 1, H: B &5 B 3 25 0 X2, X2
X2 19 p ¥/NF 0,000 1, BEAIRE X, X, X XA
FIK 50 22 [K 7 1t ) 52 M A A 25, DRI R X XMk e &2
PRI 7 B 52 Wil B A8, XX T TR R 52 24 A4 o 22 [
s AT E

25 DRI 22 1 i 7 T AE(ELR RTAN #] 2 IR, 3 1l

T 114 45 o 4 rp O B0 7E 0 IV R Y, R A 7R 1
27K NAEE B T 25 F B 2 AT, =4k
A NTERY S e G N R R N R =T
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Table 1 Factor levels and coding of Plackett-Burman design
plg’L™)
Level NH4CI Sodium citrate Na,HPO,4-12H,0 Na,SOy4 MgSOy4-7H,0 ZnSOy MnSOy4 KC1
() ()] © D) (&) ) @) (H)
-1 2 3 2.5 2.5 1.5 0.25 0.016 2.5
0 4 6 5 5 3.0 0.5 0.048 5
1 6 9 7.5 7.5 4.5 0.75 0.09 7.5
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Table 2 Experiment results of Plackett-Burman design

Group A B Cc D E F G H ODgo
1 1 1 1 1 1 -1 -1 -1 3.66
2 ! 1 -1 1 1 1 -1 -1 4.11
3 1 ! 1 -1 1 1 1 -1 3.43
4 ! 1 1 1 -1 1 1 1 3.61
5 ! ! -1 1 1 -1 1 1 3.74
6 ! ! 1 -1 1 1 -1 1 4.20
7 1 ! -1 1 -1 1 1 -1 3.65
8 1 1 -1 -1 1 -1 1 1 3.80
9 1 1 -1 -1 -1 1 -1 1 4.14
10 ! 1 1 -1 -1 -1 1 -1 3.51
11 1 ! 1 1 -1 -1 -1 1 3.05
12 -1 -1 -1 -1 -1 -1 -1 -1 3.87

# 3 Central Composite Design B¢ 11 & 45

Table 3 Design and results of Central Composite Design

plgL™)
Group ODgop  p/(mg-L™)
Sodium citrate ~ NH4Cl NaCl
1 1 1 50 3.39 175.84
2 5 1 50 3.59 197.26
3 1 5 50 3.94 245.52
4 5 5 50 333 305.09
5 1 1 110 3.86 355.02
6 5 1 110 4.41 255.74
7 1 5 110 2.54 251.39
8 5 5 110 3.46 393.07
9 0 3 80 4.12 357.50
10 6.36 3 80 4.53 357.37
11 3 0 80 4.80 313.50
12 3 6.36 80 4.23 315.75
13 3 3 29.50 4.81 151.17
14 3 3 130.40 4.12 314.56
15 3 3 80 8.67 647.26
16 3 3 80 8.37 64291
17 3 3 80 8.23 602.89
18 3 3 80 8.51 610.17
19 3 3 80 8.81 608.11
20 3 3 80 8.15 612.69

ZEHAEH, o3 0 e A e en . SAk e . Eeeh, £
L AT - I N RIS SRR N
Th e Ja BEAR, i T T30 R Sy 2 A ek RO 5 22 R 7™
F5e 1o 1 M CHEE T Fe I PR R S B v . 41k
BAL T H s KO B, A R AN S AR B R e 2 TR
JE S AL, MR T B AR B

H DAL S50 45 3] 1 o 0 A0 VS N 0 o VA B O« A
BN 3 g/L, @Ak 3 o/L, FAih 80 g/L. Zead#EHH
SR IRAIE, FESRAR A N EER TP 2] A P i ODggo
FK 72 22 [R P2 43l 8.48 Fi1 618.70 mg/L, 5 Tl
{H—3, UFIHZ AR A A 3
22 EKBHEBMEFRESENEZBIZMAK
22.1 MABIY FESLEENEETD, MBS R
ARG 5 5 (HE9) #E47 2E K 45 58I 17 119 2% 1 i R A
WS EE LR, RN 3 FTR . TEAINEIZHE 20 g/L
) 45 144 T AR ODgyo $5 151 1T 35 £ 26.60, 1K 70 £ A
PR R 2.00 /L, X bE R A T 45 R 4 A W S Y 42
o FIA Logistic 77 B2 UL & B AR I 2E 1 Bl Ty 2458,
SE R WAEAL I 4 i 353 HE9 2 4 26 2 ffg
WY, FIIAE] 0.49 07! AWKV H. elongata DSM
25817 E R vk B oM 80 o/L B AR I AT
o M 0.65 W™'281 2% HEQ BEFEHERTFIAT] 1, 19 1.3 £%0

NEEA K W o BRI AR A K 48 D e T 1 A
TiE IO IS HE AR AP T A K R R O, AR e 2 IR EA
P A R B S AR K BUE R RS, x5
ZHTHRIE A H. elongata DSM 25817 78 & fb 40 it 1= 1k
FEh 80 g/L B K s 22 A BUR — A R A A Kl
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Table 4 Variance analysis of Central Composite Design
Y, 6]
Source
Sum of squares Mean square F P Sum of squares Mean square F )4
Model 89.38 9.93 51.48 <0.0001 5.36x10° 5.96x10* 56.94 <0.0001
X (Sodium citrate) 0.22 0.22 1.16 0.3074 1.11x10° 1.11x10° 1.06 0.3271
X(NH,C) 0.63 0.63 3.27 0.1007 3.38x10° 3.38x10° 3.24 0.1023
X3(NaCl) 0.10 0.10 0.49 0.4981 2.69x10* 2.69x10* 25.73 0.0005
X1 X 0.03 0.03 0.14 0.7138 9.74x10° 9.74x10° 9.31 0.0122
X1 X3 0.44 0.44 2.30 0.1603 1.86x10? 1.86x10? 0.18 0.6821
X X3 0.82 0.82 4.26 0.0660 2.59x10° 2.59x10° 2.47 0.1470
X 36.59 36.59 189.70 <0.0001 1.31x10° 1.31x10° 124.77 <0.0001
X7 33.53 33.53 173.84 <0.0001 1.75x10° 1.75%10° 167.61 <0.0001
X3? 3431 34.31 177.85 <0.0001 2.79x10° 2.79x10° 266.97 <0.0001
Residual 1.93 0.19 1.05x10* 1.05x10°
Lack of fit 1.60 0.32 4.85 0.0540 8.61x10° 1.72x10° 4.66 0.0584
Pure error 0.33 0.07 1.85x10° 3.7x10?
Cor total 91.31 5.47x10°

p (Ectoine)/(mg
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Fig. 2 Contour lines of effects of sodium citrate, NH,Cl and NaCl on the growth and ectoine production of H.elongata
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Fig. 3 Fermentation process curve of H. elongata in a 5 L bioreactor
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Fig. 4 Fermentation process curve under HCDF: Biomass and ectoine production (a); Oxygen uptake rate (b); Specific production rate (c)

PR o R EERG 3% 34 h I, ODggo B AT 155 191, K 50
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A R LSRG 718 45 5.53 £, KiEHPiY
WL B R A K 2218 . OUR 5P 4, 76 & 182 20 h
BN FE 2 g/L AREIR S — 91, Fifif5 PR AR 33 OUR
HOMECR YR At . BERRER F R W TR
FFF A1 R 8 R A 400 1 A 1 i RN o 22 DR £ 18310, {5
XBUAERK MBI AT R E H T HE9 $55R lh oo R
AR REANAE R AZ IR o XA TR] K R T A AR
WS ECR S AT R, KR K 2 =%
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T N R R R R I S I B R AR A K 2
1 A v 22 DN e AL S8R A R) R, 2F — 20 % HE9 & AR
B R FE P IR AR B AT DAL, O 5 Eh R B b 45
FHZE G, DLk 202 #E 4K v 22 DR A TR 28 B 76 K& T
TR U (8 h) HEATER RS B2 b 5240, S5 R AnIA 5,
%6 PR TEFREUE K A A — R iy =X
B TR A AN BT iR B2 I 80 g/L 7R3 130 g/L

(I8 5(a)) . OUR TE#hvhifi J5 A B8 1Y T K, Bifi 5 4k
R 2 DR 1S 0 i B, B i A E1) 209.84 mmol/(L-h)
(& 5(b)) o %% 13 h Ji ODgy 55 169.3, 4K 75 £ [H
PO 20 /L. SMRAHTHY T2 AH b, 4K 5 2 5 7= a
PEw T 81%. MR3E 2 PN G il F6AE HEA T Eh A i iy
(8h)J5BEW (A 5(d)), HKIkH T 55g/(Lh).
&l 5(c) Bt zs AR 5 22 TN LE 7 2 ) 45 SR A R W ZE b i
B hb R, R 10 h Y P2 #2(0.086 g/(g+h))
I R T AL A e s 14 L #6.(0.016 g/(gh) ),
Ul B R B6 B b o BE U A Ak b £ UEAR S 2 Y B,
11 ELAR AR5 A e a] 535 4

ARG R IR AEFR L AR 7R v 2 TR Y B AR
JT v B Sk 80 /L. A3 W 5% I FH 8l g 2 55 U X6 AN [
W E T H elongata DSM 25817 A4 K MK 78 £
A= AT A e e 24 S0 B I vk B I T
80 g/L B}, H. elongata DSM 25817 F4K 5 £ K 1) A 4
B 8 25 i ST T A A S i G e, R
I 7 P R R Ak T A A A TS B2 KT, R A 4
JiL A A 834 R g AR A R AN ] R v B 1 5 7 2
o3 By BOHEATAR e 2 A 6 : FERT I, 80 g/Liyh
JoT F R B AT D4 A A R A A A RO, Y A
Az KB — 7 i BER B e &k o v B 1) 5 =Xt A
AR 5 22 A LB B

TEG BUE TR AL 45 G 2R, R0 EE vhis T
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Table 5 Physiological metabolic parameters during fermentation under HCDF

t/h Appew/(g'L™) Apcioine/ (€L Productivity/(g-L™"-h™") Yyl % Yys/%
0—13 38.40 5.42 0.42 42.63 6.02
13—20 10.72 1.51 0.22 30.01 423
20—30 19.96 2.92 0.29 18.46 2.70
30—34 1.96 1.20 0.30 6.00 3.68

Appcw—Increase in biomass over this period of time; Apgoine—Increase in ectoine over this period of time; ¥},s—Yield of ectoine to glucose consumption;

Y,/s—Biomass to glucose consumption; Productivity—Rate of ectoine production

25 2200 250
8h
Before shock "After shock »
20t | 7 _200¢
—~ 1 i e
< 130 150 P
= ; -
@15} 80 . L1sot
B Shock ! lio0g
=
£ oD, g
3 o— UDgoo 1
mg 10r Ectoinc \ % 100
= — NaCl ! =)
v 450 o
5+ 1 50
1
1
0L—e== : S 0 0 - : -
0 5 10 15 0 5 10 15
Time/h Time/h
() (b)
02 6
0 &
= 5|
D =
2 =al o
o) T
2 | =
g 0.1 \3 3l &
£ Z,
Q > L
e E "
a S 1F * o *
o 2 * L 4
s 0f A *
3 or # *
o
)
1 I I ) _l I 1 I )
0 5 10 15 0 5 10 15
Time/h Time/h
(©) (d)

5 Ehp s i m 5 B R W R AR IR 5 0 () 5 SRR (b) 5 LE77 46 (o) s P8 I A (d)
Fig. 5 Fermentation process curve of salt shock under HCDF: biomass and ectoine production (a); oxygen uptake rate (b); specific production
rate (c); productivity (d)
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Table 6 Physicochemical parameters of fermentation process under salt shock

Xl (@ L) Y% Yis/% qp/(g'g'h™ /07! Productivity/(g-L™"-h™")

169.3045.63 20.00+0.32 53.68 14.95 0.021 0.49 1.54

Pm—Maximum product concentration, g,—Specific production rate, ¥;,s—Yield of ectoine to glucose consumption, Yy,s—Biomass to glucose consumption,

Productivity—Rate of ectoine production
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Table 7 Natural microorganisms used for ectoine production, yields and productivity

Productivity/

Strain Titer/(g-'L™") Yonl(grg™) Process strategy Reference
(gL"h™)
Chromohalobacter salexigens DSM3043 8.20 0.54 - Continuous with cell retention [35]
H. salina BCRC17875 13.96 - 0.29 Fed-batch [29]
H. hydrothermalis Y2 10.5 0.22 0.22 Fed-batch [36]
H. salina DSM 59287 14.86 0.14 0.32 Combined batch [37]
H. elongata strain 1A01717 14.48 - 0.60 Fed-batch [38]
H. elongata DSM 25817 20.00 0.28 1.54 Fed-batch This work

Ypx—Yield of ectoine to biomass
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High-Density Fermentation Process Optimization for Ectoine
production by Halomonas elongata DSM 25817

ZHANG Yue, LIU Hao, LIU Wei, YU Junxiong, XIAO Yang, XUN Jingwei, YAN Chengxu,
ZHUANG Yingping, WANG Zejian
(School of Biotechnology, East China University of Science and Technology, Shanghai 200237, China)

Abstract: In this study, a high-density fermentation process of Halomonas elongate DSM 25817 was established,
which had the advantage of high ectoine production rate. The effects of nutrient components of defined medium on
fermentation and metabolism of H. elongata DSM 25817 were investigated by single factor experiment, Plackett-
Burman and Central Composite Design. The results showed that sodium citrate (3 g/L), NH,Cl (3 g/L) and NaCl
(80 g/L) could significantly promote the growth and ectoine production of H. elongata DSM 25817, Furthermore,
according to the growth and metabolism of H. elongata in the defined medium in a 5 L fermentor, the feeding mode of
glucose continuous flow plus and pH feedback control (ammonia water) was established to carry out the high-density
fermentation process of H. elongata DSM 25817, Salt shock, which increased the NaCl concentration in the
fermentation broth from 80 g/L to 130 g/L in the exponential growth phase, resulted in ODy, reaching 169.3 after 13 h
of fermentation, with ectoine production and ectoine synthesis reaching 20 g/L and 1.54 g/(L-h), respectively. This
study provides theoretical guidance for the low-cost and efficient industrial ectoine production.

Key words: Halomonas elongata; defined medium; high cell density culture; ectoine; salt shock
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