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Abstract: [Objective] This study aimed to screen high-yield ectoine-producing strains from the strains isolated from the
Jintan salt cavern and optimize their culture conditions to enhance ectoine production. [Method] High-performance
liquid chromatography (HPLC) was employed for quantitative analysis and liquid chromatography-mass
spectrometry (LC-MS) for qualitative analysis. The ectoine-producing strains were screened. The effects of pH
and mass concentrations of KCI, MgSO,, L-glutamate sodium (MSG), acid-hydrolyzed casein (CA), and NaCl on
ectoine production were investigated via a single-factor approach. Response surface methodology was then
adopted to establish a mathematical model between ectoine production and key influencing factors (mass

concentrations of KCI, acid-hydrolyzed casein, and NaCl). [Result] A high-yield ectoine-producing strain,
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DJA10, was successfully screened and identified as Marinobacter through systematic characterization. Under the
optimized culture conditions (MgSO, 12.0 g/L, L-glutamate sodium 6.8 g/L, NaCl 56.6 g/L, KCI 37.3 g/L, and

acid-hydrolyzed casein 10.5 g/L, pH 8.5), the ectoine titer of the strain significantly increased by 134%, from
(195.30+2.06) mg/L to (458.51£1.08) mg/L. [Conclusion] This study successfully screened a high-yield

ectoine-producing strain, DJA10, and significantly enhanced its ectoine production through culture condition

optimization, providing an excellent microbial resource for the industrial production of ectoine.
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1525R AGGAGGTGATCCAGCCGCAG

29



30

Journal of Food Science and Biotechnology

F| I NCBI BLAST *f 1 #k 16S tDNA 2 A /7
HI 4T EE X . K F ClustalW f1 MEGA 6 1 % 1
PEEMERG K ER, IFEL 1000 7K Bootstrap
HOR AR VE AN 43 3 AT FEER
1.3.7 wWAERFEiTH

DU 0 W = 2R SO B A T A R R
X ) DY S E A R, F T SR AE B R 1A UK
oo i O TH 5 DY S s g 7= %

Y=— (D

Y— DY S IE 7 %, mg/gs

P— R DU S % g 77 &, mg/L

X—4H M B AR L B, g/l
1.3.8 F WA ERHA KRG KB FAHER

53 B B AN [ 0T R FE B B () MgS O, KCl.
L-B A RN B /K 1% 52 1 \NaCl &k pH. 7£37 °C.
150 r/min 2% fF T 5 7% 48 h, i 52 DY 20 5 g 7™ &)

I
13.9 %t o7

BT A iR 56 ) AT 3 IR EEL 5T, 25 3 DA S5 1 4
T2 %R . 18 B SPSS 27 8 At BE4T S it 2% 43 #7 L 3@
i B R R 7 22 00 M K Tukey 3 5 K 56 (P<0.05) )
Y IF] 2 5 5 2 M L SR Origin 2022 %141 &

2 #iRS5vw
2.1 HHRBITFIELER

VY & s e bk 7 #H 288 : y=68.13x+149.02 (R*=
0.999 2). fE& X 18 kil AT B &8 A1 38 5 L 1 J&8 A1 Ak
(1) R T 7= ) AT 72 43 AT, SRS DN 38 5 D e T A
AL — By, R B Y S E A R 7 . (H
FEESRE. LR DIATO KDY S 8
& &, 1k (195.30+2.06) mg/L, VU & W5 0E 5= % Ny
(64.46+0.68) mg/g, & 3% & T H A B #k (P<0.05),
LA 1.

TE DU &0 g b o 0 S B R, SRR T —
AN AT EE Cm/z) A 143.08 10 ;5 [F B, £ DIA10 B
PR B B B b, AR A B — A miz A
143.09 fr1 06 , L EE 20 %304 5 0 05 e (9 AH 5 5
T & (143100 — 2. 45 L LW, # Hk DIA10 &
% 38 I B BRORH 25 1 Y T DU S E O K A oy PR B
Fip e, T 4ERE B B A SR K. R 5 80k
X DIA10 B Bk AT %5 58 JF 10 4 R 8 2% A, LL3R
TH DY & g e

BE3I4H1 2026 FE 5 A | RREEYERARFR

e DAL B

200 mIH T 180
g\ 175 5 E@ﬁ”ﬁ%ﬂz’; 470 5
0]
£ 150 %

l]]]ﬁ 125 | %
£ 100 1 T
B o750 Al
f<cl
% 50 .
= 25 |
0 2959
NS
QQ
Bt
A1 RREHGELER L%
Fig. 1 Ectoine titers and yields of different strains

3.0x10° 96.95 143.08
m25x100f 68.03
200100
o 1.5%10°
= 1.0x10°
E0.5x10°

1 I I TR I I 1 1
50 60 70 80 90 100110120130 140 150
mlz
(a) PUZLHEE bR i

7.0x10°
206.0x10° 96.95 143.09
= 5.0x10°
o 4.0x10°
42 3,0x10° 08.04
E20x10°
= 1.0x10°

1 A 1 1 'y 1 1 1 1 ]
50 60 70 80 90 100 110120130140 150
mlz
(b) DJA10FEE

E2 LC-MS%
Fig.2 LC-MS results

22 DIAIVE#HMHELEELER
221 AABERLZR

DJA10 B ¥R TE P AR b AT Bk 2 6 5 T V%
WYEAREW, REOLHE B EERE, S THhE.
B T AR RRAIR K 3~5 pm, WLE 3.
222 AKHiEs

DJA 10 B8 PR B A %05 1) PR 5858 B #g 77, o] 75 )
Ui A R AERE IR AR K 5, K 4. SRR
B, DIA10 B #k 76 28~40 °C ¥y a] 4 K, B & iR JE N
37 °C. DIJA10 B #k 3R I H AL 5 (v it 36 1%, 7T 78
NaCl it & & ¥} 10~250 g/L % 1 F 4 K, & i
NaCl Jii &K N 30 g/L, LI Ak A4 KR & it
RUZBERAE P &SRR T AEK e AL .
AN, DIA10 ¥R 7E pH 6.5~9.0 %1 T al LAE K, %
& pH Ay 8.5, 3 B A% TR IR A8 T9OB80 I B 58 T 1) AR KAk
RO, SO A B AR 6 R AR R B A 5% 1) 2R 1k DT



Vol. 45 No. 5

(a) WA

®EREE: SERBNPEOSEEERNTE LEERKBEEERL

B3 DIAIOE # & E 4 &
Fig.3 Morphological characteristics of strain DJA10
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Fig. 4 Growth characteristics of strain DJA10
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Fig. 5 Phylogenetic tree of strain DJA10
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Fig. 7 Effects of KCI mass concentration on ectoine titer and yield
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Fig. 8 Effects of MSG mass concentration on ectoine titer and

yield
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Fig. 9 Effects of CA mass concentration on ectoine titer and yield
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Fig. 10 Effects of pH on ectoine titer and yield
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S LB 11, 24 NaCl st & i JE 5 25~50 g/L i,
VY & s g 7 B B NaCl it & 9K JE 1 T 2 & BTt
I T 50 g/L I ik B e KAH , 3R 11X — Jit & ik B2 2
{12 33 TR Ak 200 B A= K R 3G m 4 g Py DY A E A R R
M) 3 26 o 24 NaCl i & K 5 2 75~100 g/L B,

VY S e 7

500 DY g = 1250
3 400 - 200 %5
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Fig. 11 Effects of NaCl mass concentration on ectoine titer

and yield
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L I gl S/ S W P (= Wl o N 7 A T
DU & s ) T AR A
2.4 DIJA10 &k 7= 0 SU0% UE §9 M) B T 1L 1L 45 3R
Omara 285 5 Vibrio sp. CS1 7= VU & 8 I [
A4 pH 7.47 . NaCl i &K % 7.27 /L T 5f
7% 63.7 h, Ut i DY & wE g 5 & A 465.7 mg/L.
Orhan %558 F i 37 TR AR AL 7 35 pH 5 U8 A
Y5t T B R R A R A, W AR ) T AR Nesterenkonia
xinjiangensis W] VY & W5 0E 7~ & o A & 7R R RO
5 i B il B, DL NaCl it & K B2 (4) JKCJi 2 9K
(B)\CAREIRECC N EZE, LY & - &
) Ay NAE BEAT =R &R =Ko fr, Wk 2.
JRL T R 4 45 S L3R 3.

*2 MEEKERRRITSKEER

Table 2 Factors and levels of response surface design

K NaClJi i &/ KCUFEKE/  CAFEKE/
(g/L) (g/L) (g/L)
-1 25 29.8 5
0 50 37.3 10
1 75 44.7 15

K H Design Expert 13.0 54 %) 3 3 B 15 5 4s it
AT 1EVA 53 1, 45 21 3] ) 75 72 5008 :)=452.60+45.184+
3.15B+12.21C+14.064B-13.664C-28.47BC-83.314°-
84.81B°-40.10C". J7 7= 4 M1 Jx ‘i 35 1 A 46 &5 SR L
F4, S5 REY,R=0.9852.F=51.68, Ut B i% 1 A
WA R . ABE P<0.000 1,3 IR 1 H
A & 5 ) S AE 22 B A7 E AR R 3 A O . R A0 T
06 45 R, P=0.283 0(P>0.05) , A ik F) . 3 1 /K
o 2 EH P AL A I o (el AR R B A e ) AT EE
PE, B8 0% B0 U Hb S Bt S BR A L, B A 5 8 B0 i
Z A — R . A, IR R A7 B CP
P<0.01, RUIEB M L E CBEAER, 2w 1 A
W e AR 2R 1 AR A

EABELZHAER I, KCUREIKE S CA
i B FE (BC) XF DY & W5 0E 57 8 1) R 3
(P<0.05),NaCl it 8k £ 5 KC1 i & ik £ (4B) J
NaClJli 2K E 5 CAREIKE(AOH AT #
S0 (P>0.05) o

piiBuE =R A VRTINS RIS N T N RS N
X DY A R R R S R B R R

GAE T 9 59 WA B R on B R R R Z AR
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#z3 MEERELER
Table 3 Response surface test results
i NaClJfi &89 £ /(g/L) KCUTR K /(g/L) CA 5 W /(g/L) DY s g 7 /(mg/L)
1 50 29.8 15 373.47
2 25 373 15 296.39
3 75 44.7 10 341.64
4 75 373 15 368.04
5 75 37.3 5 389.32
6 50 44.7 5 338.84
7 25 29.8 10 255.45
8 50 44.7 15 324.70
9 50 29.8 5 273.74
10 25 37.3 5 263.01
11 50 373 10 460.05
12 50 37.3 10 439.94
13 50 373 10 445.49
14 50 37.3 10 447.25
15 50 373 10 470.28
16 25 44.7 10 231.76
17 75 29.8 10 309.07
FT4 ZREEARBFENSH
Table 4 Analysis of variance for the quadratic regression model
E3 175 i H H B77 F1i8 Pl EMN
f 95 552.86 9 10 616.98 51.68 <0.000 1 *
16 331.67 1 16 331.67 79.50 <0.000 1 *
79.44 1 79.44 0.39 0.553 7
C 1192.92 1 1192.92 5.81 0.046 8 *
AB 791.3 1 791.30 3.85 0.090 5
AC 746.93 1 746.93 3.64 0.098 2
BC 3241.59 1 3241.59 15.78 0.005 4 *
A 2922322 1 29223.22 142.25 <0.000 1 *
B’ 30 286.81 1 30 286.81 147.43 <0.000 1 *
c 6771.33 1 6771.33 32.96 0.000 7 *
ik 72 1438.01 7 205.43
24U T0 830.47 3 276.82 1.82 0.283 0
iR % 607.54 4 151.88
MBS 96 990.87 16

RN W35, P<0.05.

HESSSR TSR EAAEH. HE 120 LUEH,
NaClJii 5K JZ 5 KCI i &K E NaCl i ik Z 5
CA JI 5 9 FE 22 BAE 55 v 2 #5205 [ %, 56 i) A 2
FKCUR K E 5 CA =K 5 22 HAFE 55 m 48
SEWRETE w2 . MRS P8 i e DY S
e f AL & B 2% 4 N - NaCl i & 3K 5 56.6 g/LKCIl i

HIRAE37.3 g/L.CA JFUEIKFE 10.5 g/L, I i} DY & s mg
;7N 459.23 me/L. N T ek Y ) E A 1 S
AIEE P AR T A A £ R R AT 5 K5 IR R
B, 85 R R oR, 78 Al A T DU A RE R N
(458.51+1.08) mg/L, 5 H R {E & N, R
B BA R AT
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Fig. 12 Response surface and contour plots of interactions between variables

3 ghi
EHEUSZEBE NS ERBHHE P RER
(Halomonas) Fi T B J& (Marinobacter) N HT 78 %t
% .18 HPLC Al LC-MS i3 47 52 & A1 o4 43 41 » 0
it — Bk i 7 DY S E 1Y T PR DIAL0, I 0 3 gt
17T 55 MR FARA . 45 R, DIAL0 N
FF R B PR s 4 MgSO, B K E N 12.0 g/L L-%
RN =K JE N 6.8 g/L.pH A 8.5.NaCl Jii f i

%4 56.6 /L KC1 i &K J& 4 37.3 g/L & /K fiff ik 25
R N 10.5 g/L i, B FE DIA10 f DY &
W P R 2 R, M (195.30+2.06) mg/L &
(458.51+1.08) mg/L,#& & | 134%. 4R EB/R, W
Pk DIA10 78 v 45 #5 ¥ (56.6 g/L NaCD K U & % i
;e o, O R R RO I A R BKCI
(37.3 g/L) % Y &0 0 7= 5 (0 02 30 4F 2 3% 0 1
NaCl, % B DJA10 7] fg B A5 W8 8 4 14 , O K 1 2% 1
RALTRAE T S5 . 3@l R R 3 5 e B T AR 4k
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