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BH SR I 5 FE K 2 B R S RS R M R AT IR AR A

X 2, kB, EHEE, #HE, £EKE, ETEFEE
(AT RKFAEHTARERE, LiF200237)

WE: KPR A3t K 3 2101 (Halomonas elongata) 4 3 3 Wi T & K & 37 %) 69 #0200 19)
M, RAKRT TEMEWH AL GRPRT, ERENHEBRGRINEBLAREN TS
18%, 2EMLTHWLEZERT AN, Rt A FEES T AN M EBAIE ARG R EKE
B (Uay) BF I A0 42% , PR IREAEE 118%., B 432 R AWM E BB B IR 5 % B A%
FEIEHFHR BRI, ERM @R AEKES, A RER BT EN, B EBOHF T
FEARR AR, MARF T RBRAKTE, BrLTHRATHE =R (TCA) AR ME Z AR I
HEPRS, AARAMEZEARRETELA SRR KRBT ZRRESL TELMHRAKE,

KERERE L IR, HEMG,; BER; Riltsh hF A, Rt o

FE S ES:Q815

W A ) T e PR 8 AR AR AR T AT
{18 200 B 45 F SRR A B ip ] Al g AR B L o BAAR
R 00 A R R, X SR ) 32 BRI D 48
AR T SR W DL AR 12 7 A 25 O DR 200 1 20 B 1Y 1
BT o 55 1 PP IR WK 2 M N £ 7 i (Salt-in-cytoplasm)
BL, 322 DL T4 v g Ak vy o v, G GE e R AR R
K'/CI™ S5 TCHLIE TR AR ML N IG5 FE i S P2
55 2 B OR W S AH 25 %5 T (Compatible solute) HLHl, |~
ZAFAE T g R A0 G rp  aZ AL T 5 a3
BB L G LN (R S 22 A iRm0 ok
HRIH A FHB 8 T, [m] 5] 3 G %k J 1A 0 2 1) A1
PN Ve U L AN T BT VA 3 5 B | B o VAl
T 2 AH EL B R, DA X6 AN [] B R] RO BE 192 3 1R 7%
Ao N, LEERIECII, AR W B RS
AL bR e 17 BB A8 Ak, T 7R A S0 3 o7 ok A v, D)o
Btz ) A 5 SR R R, D BRI e R T L A AR T
L VEAERZ IR, DN O A MO AR S P 2 o

8 50 R & (Halomonas) 2 %5 A ¥k 7] 7€ pH>10
A BRAE PR EE B 50 C il 2 F T R AR G, SX Rk i
PR A5 0 PR 2 R A T 8 R Aok R v i 2 TR TS G R

Y5 B H8: 2025-03-10
E£WH: BEEKRELTIHH (2020YFA096800)

SCERAREED: A

o AR AL 58 TO R S A Y Cn KA AR A L BERE
P R RATREFE ), %R R T U SRk &
JRBL I R A A AL . KRR
(Halomonas elongata) 7] LTt 5% ¥ T 10%(100 g/L)
NaCl (1 £h v &£, & A i 18 H 7% 8%(80 g/L, T [A])
NaCl &A1y Hofieid £ vk 2, 73k (<6%(60 /L, T
[ )NaCl) A1 71 & £k (>13%(130 g/L, T [7] ) NaCl) f 3R
BN, HAEBACHZ 2 HEIHS. H. elongata %
SR URF 25 5 I SR s P 47 A G, A4 5 22 DR Sy L 2
W3 BRI, J&— P R E RGN, EF A
KA GR WA R AR, T 16 2F Ak v e B RSy
) B L R ectABC, T 22 Bk I N 1 4 1L T K
REFRREACHR T Z I, BT, 5 2 R R 5%
AKENERT, T2 T8 B B OR RE | R 2% 1
BIETR YT DNA R4 7100 T de 2515, oA
B G 0 by HH i s AR 2= 0

H. elongata 1 & A i F2 BLAT 1 28 3k B2 ARt
P, FA BT 20 5 35 32 £6 B 25 S 12 ™). Sauer
2031 3 1] () "Bacterial milking" T. 238 1 #5458 18 J&
BT, SCBL T AR R Tl fe A =i i . ARk,
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$oil X 5%, A5 RSO B E 1 T B R o A 10 A ) A G LB A 775

9% 2 A T i IR B 5 TR s 5 T4
fit Ak : Tanimura %™ 5 Nakayama U4 & T 3T K
JR At | R A AR FLR IR MK e 2 TR R R
AR T R A HTE H s Khanh%5 01958 1+ 8 Ak i
AR AR EY A &R, B ERI H. elongata
OUT 30018 7£ 8% i J& 45 1 T B9 7 ¥ &5 W20 % 5
Grammann P BA U7 0 38 3 3 bR TeaABCH% iz 25 [ %
T SE R, S AR v 22 TR S B8O MR 7= R e . SR T
A WF ST B = X $h PR N A A A AL R &,
TR % SR Tl A 7 e v Pt 2 50 ) 4 L P
il 7= E BURRCRRAR T A G S [R]85 T AT A7 7
AN

H R CH 202 it S i) 2 — Fh i Be b 5 90
H A=Wy G B 32 2 3 ok IR T A AR 5 s R AR 22 IR
ol J58, &0 it (BetA ) i =2 Bl 12 I &0 1 (BetB) T 20 i
A B, FR A A e el aE o H R R A
B AR Z D REAH AR BT, BRI DL RE
P JE A A AR R A S T A L R A P K 3
DAARARD Bk . SR A i Oy JHL 3 T U5 o 2% ]
PRI B2 RIAS 42, B 1k e i . ¥ VR B E 5 iE A8
b5 3R i35 P AR Oy B BRI A S 5 W R R 1
I, JA°15 DNAHT AL Kl s A2 0 i A Ak
ALt (SOD ) S8 T A AL Tl 2 S 4 il PR S FR 2R, 3 4
L B A IV TR 2 230 A I R e A S g (AN AR AR
LI AOX) [P, 1458 4 MU 76 = $h A58 T e AR
RPN, i3 SRR il A S A et LA R Tl
KA B E 20 AN .

H 1T, H. elongata 1 T lb v FH a1 Ifs 25 9% B2 o8 45
(A T Pk A2 7 FP AR ER (<8% NaCl) ¥R, b K 52 B
PR A A TR R I P 5 17 7E R (>10% NaCl)
AT, BENENME H. elongata PG A w2 A, (H
K95 155 1 30 T 3008 R A R W K™ W) B BUSCR T
RECl, AP AEAERr R S LA R R T, it Ah
PSS I 32 O AP 390 0 75 =X, 0 e 75 380 %) i =2 B8 e %
BRI T H elongata 2 2\ A9 A KA 5 8
FORSEL . A3 T2 R A P 15 4 BT, 1)
RSB XS H. elongata FC2 W 9 1 FOBLA, IF N
W R TR TE Tl 2 T el R v 1y %o v S PR R 4R A 20
METFB

1 SCIGERSY
1.1 FERFnR

LI JREBEAR AT R AY R S K 5
W H. elongata DSM 25817, M W&} i3 4= 9 243t

112 KA A b E B A R A BRA D
B R M E MERCK 72~ A5 4k 84 (NaCl): |9
IR T 5 BRA BRI 434 75 MR v 22 [ FE Bt
IRBEEE 8 7] BAR M (Agar) : v [ 2224 A= AL 5 A R
OS]y AR 5 38 R Y AT SE L i e Ak
AR RA A AR o pr i
1.1.3 #EHRAmmk

(1) s AR SR 56 (g/L) : B R 10.0, B RERY
5.0, ZAk4h 80.0, Briflg 16.0,

(2)FhF 15 IR 5L (g/L) : B AR 10.0, FEEEFY 5.0,
4k 5h 80.0, pH 7.0 £ 0.1,

(3) KWt Fe Ak (/L) : SR 20.0, BEEERY 10.0,
ZHE 20.0, ARG (R4 2560 50E ), pH 2 7.0 £ 0.1,
1.2 XWHE
1.2.1 3#HKF&

(1) R 785 3% %% 2 mL A5 P4 58 48 AR AT
20 mL Fh T 55 32 5L A9 100 mL #E3 ., T 37 °C £ 5%
20 h.,

(2) BB F5 B PP I 10% $EF e A2
100 mL K573 500 mL £2 i+, F 37 C. 220 t/min
Kig% 20 he

(3) S g b5 97 R S5 L AR 2R A Mgt (1 vig [
AL TR ARATD, TAEREDR 3 L, #2hhiE 10%,
PR 37 °C, #EJE 0.05 MPa, 2 /K] pH 16 7.0 +
0.1, FILR A& 1 vwm, FILRF5H 600 r/min, i 1
= HR A% E (DO) KR 20%~30%, R Fe Hidk Tk
TR AR IE HEAT ODggo FRAE A b0 22 PF 25 S 4 15
L
1.2.2 Btk A% E(ODg) B NN 2 KR %
B TR EL 2% v (NaCl ik B 5 S U0 S Ik 2 — 30 it
TR RE, T4 ODgy, 1F 0.2~0.8 2Z[H], A Varioskan LUX
R AR A (Thermo 2 F] ) #E 470 2 o HUR B IR AT
1 mL F 12000 r/min 50 F 5.0 2 min, B3,
— UPE R SRR BEAT TR o R, A5 B RS W, RS
it FH 8 2 /K A B T TR 0 W, B )5 I SBA-40C AR
YL AT 510 nmAh W2 Y6 B, I 2 H R AR o
123 %&EZReEME 1 mL EERA A
WFESER Y EP 45, 7ER URIF S AL T 65 Hz 25 F T
J# 30 min, HUHJS7E 4 °C. 12000 r/min 254 F 850
10 min, B 175 26 56 B ok 5 38 3 v A0 A 8
(HPLC) 43 #r, LAJK = & (R FREL 98 = 2) ¥ W Tt
hAH, (4t WondaSil C18(5 umx4.6 mmx250 mm),
W N 0.5 L/min, A3 30 °C, ¥l %8 &y SPD-20AV,
R+ 210 nm.
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1.2.4 #hhFEA S
(D) AR K 3 Sy 2
Logostic 712 : % = umX(l _ %ﬂ)

. Xo x et
Borfssl]. X= . (1

1—(§)x(1 — et

Horp, X ARG WG A i X, R AE Y
o KRR, ¢ o R EER[R]
(2) 7 W)& WiBh Ty 2R
S P dx
Luedeking-Piret 5 F2: primlm +BX
155

P= P0+0/(X—X0)+ﬂé xln[l —(ﬁ)x(l —e“"")] )
H X

Horfr, Py R WA W A LR, o AR R IR R AL
B AR R R I T R E
125 AR E54 WRNEEEHEEZENT
BRRA A | PRIAE FHA =4 6 B 3 N84

(D PFRAER: meo, = Neo, X Mco, » FeH Neo, N
A AR B R (mmol/L) , i & BEad A AR A Ak R
JIC# F (CER) B R4 T A5 Mo, i — S8 ALt 7T
i A BLAR S 1CRP 1 43 CO, & 1 AR T) o

()72 L Moo = Moy X Coe » FoH M HHETE
Z I (CeH,(N,O,) 43 T ik R AL, iy 6(RI 1 43F
oL 2 & 6 B R T ) 5 cou IR 8 2 UK B
(mmol/L) .

QGHEEAERK: me=mC-me , P m, 40
T-H (g/L), C Ry 4t e 7 550 CH B R Do 20 3l 15
4 0.38) .

AP A 4 5 S R R FH AN R AR P A
TR A B THFE MR e 2 P A ) -
12,6 fam AABR AT E  POdiBUZ BERFE S 2 mL
T 0 h 40% ¥ H BEH P K AR B, TR 100 uL &
U-B3C A ic (9 AR5 P 5 W, K TR G VS VB T 1Y
¢ N 95% LEEPE 5 min, K5 8000 r/min B.L» 5 min
HEE, B T80 C vKAE VR AR . 2 FE MR AT AR 1k
b B 77 % B 100.00 pL K i F =60 C T % VR Tk,
JILA 100.00 pL MEBE T 60 °C R ML 1 h, BEJS N
A 100.00 puL 74E %) MSTBFA T 60 °C #£47 1 h fii/E
feAb B, Ff SO €15 - 53 36 ] (GC-MS) 430 i1 . GC-
MS 43 M7 7752 2% SCHk [25), R A BAE ik
HP5-MS [ GC-MS - #1, #EFERF R 1.00 pL, /& 4l
ZE 1.00 mL/min, 783 EE 10 100 g 4544 &
TR 230 C, PUATREE ] 150 °C, 245 100 C,
LA 10 °C/min 9 THEH AR T2 280 °C, /% 5 min.

2 HRS®

2.1 BERPFIHFE

BT Gt v £L (13% NaCl) 3855 %) H. elongata
PP/, 56 B2 i DL i) 15 385 LR 47 40 Jo 2 A O
VESLG . XY AL RE SRR . PR A TR L AL
PR A Az 255, LR RIS . LAY e AR s 2 1A
HEERE . R L . A AT . RAER . RAT
e, R . TR . AR . FriEm . SER R .
R B R . BER R R R R A
Jie 2855 20 P T . VR BB I BE S 25 S0k [26-27),
HB g R AR R T B VR P TR 1~8 /L, ARS8 H Y
AN Ry 25 fige 2 AT I ) e R A A 800z, PRI F 0.5 /L
A I ) B A R AT O . AR SC I, K A
3 SIS N 2 R AR R, O3 R VS A AT ) T
XTHRZH o P A SR I AR F B IR EE— B, A S i
3 VAT, KBEFFSE 20 h e, I G2 & % W () ODgy,
{H, APEAN &3 %) H. elongata =A< A2 SR

HY L1 AT A, AH E X B, A 9 s i 55 X g
AR EARER, 47 3R R 2 A A
RAMEN . RAER ., RN, . AamR.
FrEEIR FSE R R . (HAS TR B, fE A s,
S R A T T B A A R G (R sk R L
225 (p<0.01, & P4 Hr Rk H T {HAL S, 1t SPSS
B AT AR AT o SRR R A R S i 4
R E ODgoo (M BIIEE] T 41.4 F1 40.5, AH FL X FR2H
SRR T 18% N 16%( 1), FBHEH SOk AFT 5 R
F TR AN RE % T 35 23 13% NaCl £ 38 4518 T & K
b PR TRT 10 TR A A K, LT IR G A A R S o 4
SN RIS, A T AN T A R R S B A MRS i i)
FEHIBL
2.2 FHIEMERT H. elongata 4 38 135 B 220

T B UE S BR X H. elongata M= FRAC ) 52
Wi, 76 S Lk PR S AR vl 152 T SR R o IO A VA
(0. 0.5, 1.0 g/L) S50 41, Z 40 Wil B R A= 4K (ODyggp)
A (R 2 ) R (5% U3 E OUR,
CER) MR WITHAE B sh 7S K, &5k 2 firs .

BE 3 A R WY, SN SO AR . 2 R Ak AR Y
FRHEPE: 0.5 g/L 5 1.0 g/L 41 ODgy 43 34 5] 38.52
1 40.64, AHEL T XT R4 73 501l £ 155 24.6% Fi1 31.4%; 1K
e 2 &7 1 (P) 15 8] 3.95 g/L f4.11 g/L, 7=
SR EE 43 ) R o HRZH B 1.28 45 AN 1.33 4%, MK TE £ [N =
R 510 0.28 g/(L-h) Fl 0.34 g/(L-h), 43 51 J %) FE 20
1.64 155 F1 2 4% 5 I 40 A 850% 43 0 42 = 22.2% FiI
33.3%. WP SECE e 3%, 6 h B} OUR 43
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Fig. 1 Effects of different osmotic protectants on the growth of H. elongata
Al R I = i BE 2H [
%zz 1 Z:lﬁlfﬁﬁﬂl]ﬁﬂfﬁﬁ“T H elongata ﬁ@‘?@( OD600 = ﬁklﬁi(peﬁﬁ%ﬁ%ﬁ&, EHXT“»\/‘E‘ E/‘:J 0.30 g/g F%{E&
Table | ODyy, of H. elongata with different additive conditions 2 020 g/g 1 0.15 g/g, i W AR 5 16 1T ( go, ) A
ANy = {1 . .
Component  ODggg p Component ODggo p W, I3 ik F] 2.95 mmol/(g-h) fi3.33 mmol/(g-h),
: : B BRLH IR TF 36.57% Fl 54.17%, ¢ W S0 10 45
Betaine 41.4+1.09 0.001 Citrate 40.5+1.03  0.002 . e § e
15 H. elongata & 22 < v Z2 R 09 & 1k, o Z ARt m
Sorbitol 32.0+£0.58 0.035 Mal 36.5£0.56 0.218 Ly, c S N N e s N
o e A TEUACHE . B R B AR R K,
Ectoine 37.0+0.82 0.074  Ketoglutarate ~ 34.4+0.87 0.616 ’fﬁiﬁjﬁ’ﬂﬁﬁ{ﬁﬁm ggg/jéﬂ %Xd- HE 21 E"J P ¥ OUR
’ DY ZH AN = ect
Mannitol ~ 30.5+0.53  0.002  Thiamine  32.4£0.59 0.051 KEET—5 . X—sh A0, B2 e
Alginate  34.0:0.67 0472  Riboflavin  32.140.51 0.044 e A O 265 19 5 i) 2 A v T TRAAR I I (R 8 R AR 1Y
Glutamine ~ 36.6+0.85 0.190 Pantothenic acid 33.6+£0.71 0.337 ﬁ?}?ﬁ B}/I\E& (ﬁz%gﬂ ﬁjﬁ%&%ﬂ%ﬁ ) ’ ﬁﬁ%‘ﬁ{f :Jﬂ] %IJ *H’/’é\t
JH YR oAy > M EX Al | 4
Aspartate  37.0£0.88  0.098 Biotin 33.1£0.67 0.234 Pl B R A (e ST TSR %UBUH JHHY W,
A i 36.9+0.81 0.185 Fol: 31.4£0.65 0.018 iiﬂéiﬁﬂj}iﬂu@@&i%iﬂg‘mﬁiﬁo
Sparagine .9+0. . olate A4£0. . e N .
BE T RSO A 3 22 [R5 1™ A B4 i AR
Cysteine 37.0+£0.79  0.054 Cobalamin 32.5+0.78 0.072 Zliﬁﬂg"{ﬂi ﬂ}% P T ﬁﬁ%’ﬂ]ﬁ ?’FJJ[] ﬁ%i ?f'& J# 20 g/L
—7z N K W N T o = 2.
Proline 33.0+0.54 0.163 Control 35.0+0.89 X;J— H. elongata /EEK,th iﬁj E/‘J %ﬁ ﬂ[ﬂ , ﬂn [‘&‘I 3 F)]”/j'\‘ R ";;Bﬁ
Glutamate  37.50.66 0.089 SEREW, E 13% M &4, 1.0 gL 5 2.0 gL

SR BT B 163.63% F1 218.5%, #2718 H. elongata
R A R 2R GE P 1S i

AR, T B R A O B R B, TR

X} H. elongata W15 52 ) 52 BB Be M R AE (1 2) o

TE R TR ey B B, 5 33 B 4 i 26 1 BP0 T AR A e 22

%2

RS 0 20 7 4 5 2 PR RO T B 2
S BRI, 1.0 /L R REA RO 2 H bR
5 PR 45 8 3K, 4k 54 8 L 900 o R
elongata (/£ KACH TC I WAL HEVE . 3T iRt
o S, IS 5 S0 TSR AR R R
1.0 /L, FF R 3 25 BT S 1 1) L

N T e SRR A o S R P o £ Qi 2 i) B2 i

Table 2  Effects of different betaine mass concentrations on the metabolic parameters of H. elongata

p(Betaine)/(g' L) ODggg PHgL") pecd/(gg™)

Substrate exhaustion time/h OUR/(mmol-L™"-h™")

go,/(mmol-g”"-h™")  Productivity/(g:L™"-h™")

0 30.92 3.08 0.30 18
0.5 38.52 3.95 0.20 14
1.0 40.64 4.11 0.15 12

23.36 2.16 0.17
37.99 2.95 0.28
51.03 3.33 0.34

P—Ectoine mass concentration; p..—Ectoine concentration with unit biomass; g, —Oxygen uptake rate with unit biomass
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Fig. 2 Effects of different betaine mass concentrations on the physiological metabolism of H. elongata

45 . .
p(Betaine)/(g-L™")
40F . o

35Fe—1
304 2
T: 25+t
2o0t
1.5+
1.0 +
0.5 F

0|||
-2 0 2 4

6 8 10 12 14 16 18 20
Time/h

3 1.0 g/L 1 2.0 g/L FSEHR AR AR T X 4E 4 3 50 1 7=
YK 58 22 TR U 5

Fig. 3 Effects of 1.0 g/L and 2.0 g/L betaine on the ectoine
biosynthesis of H. elongata

AR AR
2.3 A FEER ERREE ARG E
23.1 AKRERFHAFHEA F()XFN0, 0.5 g/L
1.0 g/L FEEIA A= P it S G T TR AR A K 3h )2
PG, 15278 = (3) ~(5) Fw:

1.952 x e"25%

- 3
1-0.090 x (1 — e0253) (3)
1897 XM w
T 1-0.086 x (1 —e034r)
2.018 x 03
)

= 120.090 x (1 — 03601

e 3 Frw, WA RSN 2R (28 (1)) Y
AR (R>0.995) M fie K EE AR K3 R () T 352 25

3 AR RIS TR R 25
Table 3 Growth kinetic parameters of H. elongata with different

betaine mass concentrations

p(Betaine)/(g' L") Xo/(gL™)  Xp/(gL™) Hmax/h”! 'S
0 1.952 21773 0.253+0.002  0.996
0.5 1.897 22058  0.346+0.004  0.995
1.0 2,018 22345 0.360£0.004  0.995

(£1%) F W, ZRIBERE IS 1 RAE H. elongata A=K
Fepk, WIN 0.5 g/L Fl 1.0 g/L BHSEHE 0 S I 4, fie K
o AE K3 R 50 0.346 h' F10.360 h', M4 T R4
TSR X B2, 308 T 0.36 £ 0.42 4%, 1
HH R S0 1 5 0 S 01 U T T K P R 1
AN ERA K
232 FHbemRHhFEA Q) 3R o,
0.5 g/L Al 1.0 g/L FERm K oo 2 A S 5k A 7
Y16 BLh 1A 5 R oy il = (6) ~20(8) 7R :
P=P,+0.1447 (X — X,)+0.301 21n[1-0.090 % (1 —*>**)]
(6)

P=Py+0.1233 (X - X,)+0.446 3 In[1 —0.086 X (1— ¥y
(7

P=Py,+0.076 7(X — X,)+0.893 8 In[1—-0.090 x (1 —e*3"y
(3

T PG N sh 1 R ) SRR EE R (3R 4)
R, H. elongata WK vi 22 R A=W 45 il S B LA A K
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Table 4 Product synthesis kinetic simulation parameters of H.
elongata with different betaine mass concentrations

p(Betaine)/(g' L") Pol(g'L™) a B R

0 0.6311  0.1447+0.0158 0.0035+0.0018 0.9822

0.5 0.5865  0.1233+0.0093 0.0070+0.0013 0.9947

1.0 0.6896  0.0767+0.0185 0.0144+0.0028 0.9847

THIRRURAE . FEA TS INETREm A XF B2, 0(0.1447)
ST (0.0035), IESAK v 2 A S WA K
FEFESRARIE G &R o (EAS TR B0 A2, Bl & B S8 5
S RIS I, A DGR AR AR AR B AR AR o fH 43 5
T2 0.1233 F11 0.0767, 1fi AN |- T+ 2 0.0070
H10.014 4, 33 7 BRI S0 78 0 (540K v 22 PR A ok
JIGE 8 7 s B A R A IR AT 2, 2 1) 3 A K O R AR
PRI

H T H. elongata WK i+ 15 57 5& (8% NaCl)
BE4E BB R WEIREE (13% NaCl) [, i P 85 5
e N R G OO, IS B K T 2 R R AR e XA AR
DA i B i AR B, SR T AR SR B Y A A FT
T 73X — A BRAE WAL 7E & TR, RIS RAE
RIOME 75 PR I e 0 SE e, T8 T B3 i R 1
R A0 B AR o 22 DR AR 67 a7, DA TR B 22k

POy AW AR . Bl I A SR 2k T
L, AR E B R Sk 50 2 A BUR1R DL 4ERRB S 1
Ao RHEAFREEREIR H elongata FAFFE i i EH
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Fig. 4 Carbon source utilization of H. elongata at different fermentation stages with different betaine mass concentrations
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Table 5 Statistical analysis of carbon source utilization rate at different growth stages under various betaine concentrations

Carbon utilization at growth and

Carbon utilization at product

Carbon utilization at cytosolic

Growth phase maintenance/(mmol-L™") synthesis/(mmol-L™") respiration/(mmol-L™")
0 05gL 1.0 gL 0 05gL 1.0 gL 0 05gL 1.0 gL
Lag 24.36 34.97 45.02 15.50 13.11 11.82 12.26 17.07 20.11
Early exponential 59.71 91.97 101.18 19.85 28.64 30.85 31.61 46.75 61.04
Late exponential 124.91 129.78 125.13 45.04 45.59 46.85 96.72 99.98 107.41
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Analysis of the Metabolic Mechanism for the Enhancement of High
Salt Acclimatization of Halomonas elongata Mediated
by Betaine

LIU Hao, ZHANG Yue, JU Runlin, YIN Xiaojian, YU Junxiong, WANG Zejian
(School of Biotechnology, East China University of Science and Technology, Shanghai 200237, China)

Abstract: In this study, to address the bottleneck problem of growth inhibition under high salt stress in Halomonas
elongata, we conducted a systematic selection of protective factors that could relieve the effect of salt stress inhibition.
The results showed that the addition of betaine was able to increase the biomass by 18%, which was significantly better
than that achieved with other osmotic regulators. Furthermore, metabolic kinetic modeling analysis showed that the
maximum specific growth rate (u,,,,) of the bacterium significantly increased by 42% after the betaine addition, and the
respiratory intensity increased by 118%. Carbon distribution statistics showed that ectoine synthesis was significantly
weakened during the delayed phase after betaine addition, and carbon metabolism was shifted toward growth of the
cells. Finally, the analysis of intracellular key metabolites showed that the addition of betaine significantly reduced the
levels of alanine, valine and leucine, revealing that it may enhance the salt adaptation capacity of Halomonas elongata
by strengthening the metabolic flux of the tricarboxylic acid (TCA) cycle. This study provides a theoretical basis and
process optimization strategy for the construction of an efficient expression system for halophilic bacteria in high salt
environment.

Key words: Halomonas elongata; salt stress; betaine; metabolic kinetics modeling; metabolite analysis
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