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Mixed culture and condition optimization promote ectoine
synthesis and transformation in halophilic bacteria

TIAN Xue', DONG Mengyao', QIN Rui', LONG Qifu', HAN Rui’, ZHU Derui', LI Yongzhen'"

1 Department of Basic Medical Sciences, Medical College, Qinghai University, Xining, Qinghai, China
2 Key Laboratory of Vegetable Genetics and Physiology, Academy of Agriculture and Forestry Sciences, Qinghai
University, Xining, Qinghai, China

Abstract: [Objective] To investigate the effects of changes in single factors such as pH, metal
ions, and NaCl concentration in the MG medium on the growth of Virgibacillus salexigens DSM
11483 and the yield of 5-hydroxyectoine (5-HE), optimize the culture conditions, and explore the
mixed culture conditions of Halomonas campaniensis XH26 with V. salexigens DSM 11483 and
the change in the yield of 5-HE. [Methods] We used a spectrophotometer was used to monitor the
biomass (ODgy) of bacteria. The HPLC method was used to measure the yields of ectoine and
5-HE. The one-sample #-test was conducted to analyze the difference significance of the
experimental data. [Results] The optimal culture conditions for V. salexigens DSM 11483 were as
follows: pH 9.0, FeSO4-7H,0 concentration of 1.00 mmol/L, and NaCl concentration of 2.0 mol/L.
In this medium, the yields of ectoine and 5-HE were 200.4 mg/L and 80.0 mg/L, respectively. After
“feeding” V. salexigens DSM 11483 with 40.0 mmol/L ectoine and culturing for 72 h, the yield of
5-HE reached 1 373.5 mg/L, which was 17.2 times that in the control group. After 72 h of mixed
culture of H. campaniensis XH26 cultured for 24 h with V. salexigens DSM 11483 cultured for
36 h, the yields of ectoine and 5-HE were 1 535.1 mg/L and 168.7 mg/L, respectively, which were
7.7 times and 2.1 times the yield of V. salexigens DSM 11483 in pure culture. [Conclusions] The
mixed culture of halophilic bacteria can make full use of their respective advantages to improve the
synthesis and transformation efficiency of ectoine, demonstrating further research value.

Keywords: halophilic bacteria; mixed culture; optimization of culture conditions; “feeding” of
ectoine; 5-hydroxyectoine
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9.0, MgS0O,4:7H,0 0.4, FeSO4:7H,0 0.2, NaCl
6.0, pH = 7.0,

OSM flAb 17 S (g/L)!": L7 &[R40 6.6,
Fifi /K R % 7.5, NaCl 58.5, MgSO,+7H,0 24.7,
KC155.9, CaCl,0.2, Itk 2.0, pHIHZE 7.0,
1.2 EERFIFNEE

NaCl, MgSO,:7H,0. FeSO,:7H,0, L
& i R AEAL P A PR W] 5 DU & W BE (ectoine,
Ect)bnifE il . 5-F% 2 U & W% BE (5-hydroxyectoine,
S-HE)AR#E Sy . I EE(HPLC 2%), P8k« ith/RAH
HANF AVLRMALIERE, 30 s A YR
FARAHE],

fEIRFEIR . B TR, AR (L
A BRA T SORAH AT, ZHERRA
FRAH g, wWAERPENBREARAR;
BB, SCAREEE)EPR 2 A RA
pHit, AR A A PR A ]

1.3 EFREL

7 salexigens DSM 11483 F1H. campaniensis
XH26 JE LA AR LA 1% B9 He B2 R F 10 mL
1 MG 1L fb 5 37 FE F1 OSM s 4k 15 3= FE v |
37 °C. 160 v/min ¥ 555, FEAERE 12 h 5
ODgoo TH H. 2 HIAF 0.6-1.0, RJ5mHUELfE



HE 4F | AR, 2025, 65(12)

5527

B TE W 1% $ERD T 100 mL 5 32 3 N AT K
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HHIE, WIELLRE RN pHAERE R 9.0,

A

23 SREFHESRKES S-HE ZEH)
=AU

& JE B TS RSy,
& pH 4 9.0, NaCl 24 2.5 mol/L FJ &M T asin
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5-HE 1 Ect (77, A48 i A K il
BR(E 2A), WHEFE 36 h it AREY, &8
B PR R K T B IHIEA . Rk R E
24 h A2 Ect (K 2B), 72 h IR B 4%
B 485 FRIE A BRI FeSO4+ 7TH,0 B Ect
774l 184.8 mg/L, 5-HE =4 K 57.8 mg/L;

2 o pH4.0
-= pH 5.0
LS - pH 6.0
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] 1or — pH 8.0
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0es - & pH 10.0
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0.0 - : ' ;
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B skeskoskok C ko
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5 5
= =
g 100+ K
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pH pH

E1

A EpH &M T Virgibacillus salexigens DSM 11483E kA4 < = KectoineMS-HER FEM. A: A~

[RlpHAEH T Virgibacillus salexigens DSM 11483 kLK & ; B: Ectoinef”&; C: 5-HE/™ i,

Figure 1

Detection of the growth of Virgibacillus salexigens DSM 11483 strain and the yields of ectoine and

5-HE under different pH conditions. A: Virgibacillus salexigens DSM 11483 strain growth under different pH; B:
Ectoine yield; C: 5-HE yield. **: P<0.01; ****: P<(0.000 1; ns: No significant difference.
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FeSO, - 7TH,0+MgSO,- 7TH,0 %1 & J& 5-HE 7= &
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B, I8h0 1.00 mmol/L K8 T-I kA KA E
FE(E 3A), Fifi 5% 5% B (8] 45 £k Ect 7~ i i 7 3
B, & 72 h B A 2104 mg/L (& 3B), 5-HE
PRI N 74.6 mg/L (K 3C)., L, kE R 5E

A 24+ B 300~
41 —o—FeSO, 7TH,0 [ 1FeSO,-7H,0
22r igeggngzgﬂ%ngﬁ e [_1FeSO,-7H,0+MnCl,
2.0f eSO, 7H,0+MgSO, 7H, 250 . .
—v— FeSO,- TH.0+MnCl,+MgS0, 7H,0 B FeS0, TH,OMpS0, TE,0
1.8} _ [ FeSO,-7H,0+MnCL,+MgSO, - 7H,0
— E
1.6 < 200 T
_14f £ I
S 12 S 150} a
Q
1.0 3
0.8 & 100
0.6
0.4+ 50
0.2f
1 1 ! 1 1 1 0
002 36 48 & 72 24 36 a8 60 72
t/h t/h
€ 80 3Fes0, 7H,0
20 | CJFeSO,-7TH,0+MnCl,
B FeSO,-7H,0+MgSO0,-7H,0
60 | B FeSO, 7H,0+MnCLMgSO, TH.O - ¢
5 50
£ =
g 40f
2
2 30
e
[=9}
20+
10
0
24 36 48 60 7
t/h
B2 A E&BEFxtVirgibacillus salexigens DSM 11483 E k4 K 8 K EctFI5-HEFZ 2. A: R

NA) 48 B 121 Virgibacillus salexigens DSM 11483 R K &3 B: Ecty/= & Bl (a2 fb g ; C. 5-HE
7R B T AR A O (452 e B W0 AR R JEE 22 O 0.25 mmol/L).

Figure 2  Effects of different metal ions on the growth of Virgibacillus salexigens DSM 11483 strain and the
yields of ectoine and 5-HE. A: Growth curves of Virgibacillus salexigens DSM 11483 after addition of different
metal ion groups; B: Ectoine yield with time; C: 5-HE yield with time (The initial concentration of metal ions
was set to 0.25 mmol/L).
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=
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E3 AEREFeSO, 7TH,0%t Virgibacillus salexigens DSM 11483 E #5 4 K< K EctF15-HEFZ 2 &M . A
AR M BEFeSOy4- TH,O X Virgibacillus salexigens DSM 11483 AR A K 520 ; B Bty = FE AT 8] 22 b 1

Uls C: 5-HEj" i BRSBTS B .

Figure 3  Effects of different concentrations of FeSO4 7H,O on the growth of Virgibacillus salexigens DSM
11483 strain and the yields of ectoine and 5-HE. A: Effects of different concentrations of FeSO4-7H,0 on the
growth of Virgibacillus salexigens DSM 11483 strain; B: The change of ectoine yield over time; C: The change of

5-HE yield over time.

Hth FeSO4+ TH,0 W AW E 4 1.00 mmol/L.
2.4 NaCl;REST 5-HE P2/

NaCl ¥ B2 X0 0 i AR A ™= 4 i A=
A B, B R RN NaCl n] gE & e it

Ect } 5-HE WAL, Hax YA Krsd:—2
B . fEfd pH M4 m B 740K, %
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FEHE IR NaCl Wk B X AR AR K S 5-HE 77 i
(52 . 7E 2.0 mol/L ¥ NaCl ¥ & F bR A: &K
LA AE(E 4A), ZWKEET Ect F1 5-HE By &
439124 200.4 mg/L 1 80.0 mg/L (& 4B)., I,
H 0 E A W Ect 5 5-HE (e 35 400 0
pH 9.0, MgSO47H,0 ¥ & & 0.25 mmol/L,
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2.4 ——0.0 mol/L
) —4—1.0 mol/L
20F —+-1.5mol/L
18k ——2.0 mol/L

g —<—2.5 mol/L
1.6 —*»3.0mol/L

0.0 1 1 1 1 1 1

12 24 36 48 60 72
t/h

200 [ Ectoine
[15-HE

250 -

2

g

g

=

.°

3]

3

2

&

0.0 0.5 1.0 1.5 2.0 2.5 3.0
c¢(NaCl)/(mol/L)

[El4 NaCUR[E 3t Virgibacillus salexigens DSM 11483F k4 K K EctF15-HEFZ 2 8IE M. A: A[RINaCIk
JERE SR I N Virgibacillus salexigens DSM 11483 R4 K & ; B: BetFIS-HER = & .
Figure 4 Effects of NaCl concentration on the growth of Virgibacillus salexigens DSM 11483 strain and the

yields of ectoine and 5-HE. A: Growth amount of Virgibacillus salexigens DSM 11483 strain in culture media
with different NaCl concentrations; B: Yields of ectoine and 5-HE.

FeSO,+7H,0 ¥ &4 1.00 mmol/L, NaCl ¥k &k
2.0 mol/L,
2.5 Ect “IRFE” V. salexigens DSM 11483
ERE 2T
HHAARS MR ST R B, V. salexigens
DSM 11483 HFEAY EctD fh LR, DI [R e
B Ect “MEFE” V. salexigens DSM 11483 & &I K
T 5-HE F= &2, iz A K g5 R Bos
1E 30-36 h AL KGE (K] 5A), FIHLL Ect “MEFE
X R A K T RIVE AT, FLRE (R HE 3% R A=
Ko BAZERFRY, TERYIMREE 40.0 mmol/L 5
7= 72 h B, BN 5-HE P75t 1 373.5 mg/L
(&1 5C), BEHf Ect =1 & 541.8 mg/L (4] 5B),
5-HE/Ect F=ht B2k 2.5, i, 5-HE 772
XFRRALRY 17.2 48, BEWIER N Ect Af & 25 2 /&
5-HE i,
2.6 BEEEIREEARGRMNMK
2.6.1 REEERAEFNIREAETE
TP RRI I SR XS V. salexigens
DSM 11483 (£ JF 2.0 mol/L) 5 H. campaniensis

XH26 (h BE 1.0 mol/LU) Yk 47 B g 15 5% . 18
ik HPLC A I K A= 4 ith £k 43 B % B (D 6A),
H. campaniensis XH26 B ¥RFE 24 h JE A,
AR KA i, H Ect PRI a8, (B35
2 84 h Ja =ik N, V. salexigens DSM 11483
TR 14 240 1 A ) e B 5 s () 3 o i 4 2 48
R A 72 h I Ect oA, {H 5-HE 7~
HRAE 72 h fJE IO R AL (] 6B). LR EIE,
W€ H. campaniensis XH26 5 V. salexigens DSM
11483 e G IRI 18] 73591 24 h F1 36 h

R AW FAMHT, PR A FIR G B
HBEXNTEAREZW., HI, ok
H. campaniensis XH26 }53% % 24 h J5 515384
B[R] Y V. salexigens DSM 11483 Y1145 FLBIR &
Kigt 12 h ke =i, 4558 Won (& 7A. 7B),
4 V. salexigens DSM 11483 ¥ 3% 36 h 5, 5
H. campaniensis XH26 {R&H-4kZE55% 72 h, Ect
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Figure 5 Effects of substrate concentration on the growth of Virgibacillus salexigens DSM 11483 strain and the
yields of ectoine and 5-HE. A: Growth of Virgibacillus salexigens DSM 11483 strain under different substrate
concentrations; B: Detection of ectoine production in intracellular and extracellular of bacteria; C: Detection of

5-HE production in intracellular and extracellular of bacteria.
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and analysis of ectoine and 5-HE yields. A: Growth amount of Halomonas campaniensis XH26 bacteria, ectoine
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Figure 9 Analysis of ectoine, 5-HE and bacterial dry weight after mixing different volumes under the same

ODyg condition. A: Ectoine yield in mixed cultures of different volumes; B: Yield of 5-HE in mixed cultures of

different volumes; C: Dry weight of bacteria cultured in mixed volumes of different sizes.
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