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Regulation of fermentation for O-succinyl-L-homoserine
production based on metabolomics

CHEN Chen, LIU Yanlai, TAO Fangwen, TANG Xiaoling, LIU Zhiqiang*

College of Biotechnology and Bioengineering, Zhejiang University of Technology, Hangzhou 310014, Zhejiang, China

Abstract: [Objective] O-Succinyl-L-homoserine (OSH), an important precursor for the
synthesis of L-methionine, L-glufosinate-ammonium and other chemicals, has wide applications
in the pharmaceutical, pesticide, and food industries. The green and efficient production of
OSH has attracted a great deal of attention. This study investigated the metabolic pathway and
metabolite changes during the microbial fermentation for production of OSH, aiming to
establish an efficient regulation strategy to increase both the yield and sugar-acid conversion of
OSH. [Methods] Metabolomics was employed to systematically investigate the metabolic
changes during the fermentation, and the key metabolic pathways associated with OSH
biosynthesis were determined. The key metabolites were added at different fermentation stages
to balance the metabolic flux and reduce the competitive utilization of precursors. [Results]
The efficient bio-production of OSH was realized in a 5 L fermentation tank. The titer reached
70.1 g/L with the conversion of 0.52 g/g (glucose). [Conclusion] The optimization of OSH
fermentation system and regulation of fermentation process based on metabolomics have
significantly improved the production of OSH, laying a foundation for the industrialization of OSH.

Keywords: metabolomics; O-succinyl-L-homoserine; microbial cell factory; regulation of fermentation
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ATHTER L-ERAR . L-HE, TR, y- 1
NEEFN 1,4-T 2B, 7fERah. B2y, RlEZE
AT T R A A RTE B TS R
FRVAETZ] . Rt . RS
[, XfELLSEBRRIBA L A 7=0) Bl A A e
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(gas chromatography-time of flight-mass spectrometry,
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1 HE5xZ

1.1 &8
1.1.1 Ek

AHFFE R B K i OSH K A 1 e 3 4n i
TR E AT, FRidh OSH-1.
1.1.2 BHE

FEmb & BB IR ILA N (g/L): FEIRE 20, B
BEKY 2.5, (NH4),S0, 16, KH,PO, 2, L-71% /%
0.23, L-HZAM 0.1, &R 2, MgSO, 7H,0
0.5, FeSO44H,0 0.01, MnSO; 0.005, ZnSO,
00025, L-KEZ20.004, L-45450.003, pH HR.,

OB IR L L (g/L) : HABE 500, R
B 16, L-7 @AM 1, MgSO,7H,0 0.5,
FeSO,-4H,0 0.01, MnSO;4 0.005, ZnSO, 0.002 5,
L-KE &R 0.004, L-2A% R 0.003, pH AKX,

SRR (g/L): NEARR 1, %l R
1.5, REHMR 2.

1.2 ABFH*%

PERARE: 1% 5% (BB Rt
G BRETR, ERh RS S R R R
500 mL #EIFH R 20 mL), SRIEABIIA
JCIE CaCO; 0.3 g FIZUKEE N 50 mg/L RIFE R,
F£ 37 °C. 200 r/min FiEf7H5%. ERIE 12 h 4
FINIALARE R 1.5 g/L (R BELFR N 2.0 g/L 9K
RER, K36 h IMALIREN 1.0 g/L A
MR, MEIR ODgo N 0.6-1.0, FHIALKE N
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FE IR #5 R I % 72 he

5 L RFERERNE: W5 FR 0 n R 5
5L REEREPCERE 2 L), BN 10% (&5
), FRFIMAZIEEE R 50 mg/L -RIRER. W)
TRREFRIREE R E N 37 °C, HitFEs)E ly 400 r/min,
WA RBEE N 2 vwm, FIFABHRE R 50%0
SUKH S0%BEIR F iR 5 & e pH (I 4EHF7E
6.80, PEHIAEATE 30%—50%. TEAEE 12 h 43
FIIMALHRE R 1.5 g/L BEBELBR A 2.0 g/L K
RAZMR, K36 h BPIIAZSREE R 1.0 g/L A
FRfR . 4B1A ODgoo A 10 ZEATHS, IIALHE N
0.5 mmol/L IFLHAES:, 1T ABRHEE A 30 °C.
MRS P R A ERE S, KRR Y pH E
T AT B TR T AR, 2 T BRME (v B R
0-5 g/L, PRAERBEAE20%A A7, FibE 6 h BUREF5K
IHRG N 2 TR HH B VA BE A AE W ODgoo, WA
HEA AL PRSI FH 2R ST SRl OSH. 54t
1.3 KRBT
1.3.1  RIGHENE #HRH %
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http://journals.im.ac.cn/actamicrocn



4786

CHEN Chen et al. | Acta Microbiologica Snica, 2023, 63(12)
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J 5% R . S 55 B - R (electrospray
jonization, ESI)I& ¥ 450 °C, % /E 5 500 V
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(GASI) 40 psi, SR (GSID) 55 psi, S
(curtain gas, CUR) 35 psi, flf & % S H &
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(collision-activated dissociation, CAD)%%&&E
K AE = E PURRAT (Qtrap) Y, RN ETXFAR
LA A 2<7% B 1 (declustering potential, DP)AI
filf 4% fE (collision energy, CE)EA 44845 .
1.3.3 RHAZENHIRIE

W ok WM @ - B3 X (liquid
chromatograph-mass spectrometer, LC-MS)H] [
X R il A TR B E PR B AR EH 2 0 A
P T A: — R 2=, — R dn
Bro Forh G Al Se g RS2 . SR AR KAk
FRREAS | SR LA A I A 4 255 4 4
o 2 S2Ee TRy AR AL L I AT DU T IS
AT PR H0 J3 Ar L HG 2 S R A ) 1 22 S O i
AR R AT . HARRAE R X P E A T
U TE IR REA R AT B, e — S A
ZESHIPIT, DTS AR A v A ) A AR DG AL B
PEAT I B, B AR DL 1,
1.4 HESHAHE
L4.1 BEFKRERN

K 25 T E v T A I AR A [ I 39 ) e
TEOLIEATRE RS, LUBSIK S 2s FId IR, e &
PPV ) ODgoo TE.(M H{EAE 0.3-0.8 YEFEIN).

The process of metabolome analysis. TIC: Total ion chromatogram; PCA: Principal components

analysis; RSD: Relative standard deviation; OPLS-DA: Orthogonal partial least squares discriminant analysis.
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1.4.2 #HEREREQN

W A IC R O By 10 g/L BB, N
AL KB B R B2y 0.4, 0.8, 1.2,
1.6, 2.0 g/L BIbRIERR, MEWEE A, HlfEH
I HERR 2R

B 1 mL B, 12 000 r/min &5.0> 2 min,
WZHL 100 pL #7588 10 £% )5 09 _E35 &, inA 200 pL
DNS 71, %R N 100 pL #HaliKF 200 pL
DNS &7, KBEEMH 3 min 557 B E Fik B4
H, IMABL4KERZE2mL, TEHK 540 nm4b
e H AR RS, BRIl 3 AP 7. R
P vl 2 o i P A H A e AR
1.43 OSH #&1

IR 3 B A (H 37.-LASOSOY K I 2%« Fir
il 5 ¢/L i OSH FrufEVs M B 100 £ /5, FHUE
ME5(0.22 wm)id 8 2 AR SERE R P ARAE R, R
JHHSZ-LA8080 Z MR /A 4740 #r, 153
P o s P S D B ) S e TR AR . BB PRV
T 12 000 r/min B.0> 5 min J5 3B E SR, ¥
TR E R BE 100500 175, 6w ab 3 7 =X,
ZZRER, THE R ERR Y OSH W .

(LR Y PR CER - a oyl B IRV < 1 I AR
R 1% A (4.6 mm IDx60 mm, 3 um); AL E
20 puL; WML S 3.4x10% Pa; ZrESAEiRE N
57°C; JWARREE 135°C; % 1 i 0.40 mL/min;
B 2 JiEN 0.35 mL/min; AR A 570 nm
1 440 nm,
1.4.4 BB TG E

A LR bR S . B— 2 E IR . a-
R R . CPRANFLER 73 I BC i e B2l 5 g/L
HYEEWE , A 2l KRR FE R R R B2l 0.5,
1. 2.5, 5 g/L WIbRAEW, A1 0.22 pm 7K LT
UE W OAH R P RO A 3 % (high
performance liquid chromatography, HPLC) ¥
W, iR HLER I bs M I 4k .

FE SR I . IO B G 1 A T TRRE i R AT

HPLC i, fir %+ % Aminex® HPX-87H
{4, 3% #£ (300 mmx7.8 mm, 0.25 pm, Catalog
#1250140), FishAHHN 0.008 N H,SO4 W, FHik
60 °C, ik 0.6 mL/min, #EFER 20 pL, HffE]
18 min, 7E 210 nm R IME A HRAGI, s
[ HHCN 1.0s,

2 ZERE5H®

2.1 OSH X2 RIEMXIKIEEDH

FI IR 23 P Y i ASORT 4 A i 2R A T A
W, 383 XCMS B Ry i it A 4. |
metaX FAFXTZ XCMS 2 BARAG PBi miz 5
TUAEREE R AN L R 4 A B4 45 (Kyoto  encyclopedia
of genes and genomes, KEGG)¥{ ¥ & # 17 1k
P, R - EEL R, JERH
in-house 2T i I 5 A o3 BHiE 14 4 7 DT
Be, AR S A R B 2 B

SIEUR AW/ I B7 s o TR W A3 B Ve IS T
OSH % a5 7= A A 0 i e K 35 45055
g Y e SR 2 MNE Sl ELEA O
P S B AR 7 W Y A W
B IR A G BGE B 2-E AR
i A
2.2 OSH REEd it

FIIH XCMS FAF 28 A [R) 4 i v A3~ o
BOfE B, IR metaX BAFVEAT R K
Ao I I BRI BT 0 (2 T 50% 12K 1) QC #F:
ABZT 80%i K B SEPREARYIE) . A K-
f2 L 4P (K-nearest neighbors, KNN)J7 i35 7t 6kt
JAE LA M ok ME 2 B 0 — {k (probabilistic
quotient normalization, PQN)F1 QC FafdfytE 4
Hh & It X # 1 (QC-robust spline batch correction,
QC-RSC)# A7 IH— b Bt ab 3, 15 2 &=
LY A R (& 3A) A A P E (B
3B).
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Citrate cycle (TCA cycle)| °
Arginine biosynthesis|- °
Pyrimidine metabolism|- e
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Monobactam biosynthesisf @
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Figure 2 Total bubble distribution of metabolites involved in signaling pathways during OSH fermentation.
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Figure 3 Metabolite analysis of OSH fermentation process. A: Principal component analysis of the OSH
fermentation process (PCA graph). B: Heat map of differential metabolites during the OSH fermentation process.
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=1 OSH 5B EERNRESEITER

Table 1 Statistical table of differential metabolites
in the OSH fermentation process.

Comparison All Up Down
T48/T24 1 909 1 596 313

T72/T48 1 649 1128 521

T96/T72 1567 942 625
T120.8/T96 2276 920 1356

ZERRM, OSH A= )™ T A B el 2 rh LA )
F| 7 401 Fh= SRR T, B A EERS (] 1) 4E
K, REER AT IR A2 SR B0
ok, miE ARG 2, fE 3 A
W R a5 AT B o

mFE 2 FrR 2 S AEAN R R RS o
IFBTERARHMIE, KT AR LR 24 h
Z 5B E RS 5 REEE, KB EAR
AR S KEGG Hscss it A5 B 2E 47X L
HE LI, FEHZE R KEGG [l ik
T ZN(EENE

&2 LIEN, fEkE24h 548 h Wk
Wz I8 5 KR 19 FCIEYI7AE I B 22
So L-m22 AR . 3-H AR . REAAR
. N-CEE-L-R N AR N-L e -L-4 2 R
SEA LR B AT A P 2 R g I AR i 1 A
48 h BEE T 24 he ULHH AT R RE A K
WrBt, OSH B~ C R T T hn B 221
£ 48 h 5 72 h i ERBERZ 814 5 KI5 10 Fft
WY EES, Hh N-CB LR 2R
L-RNERR . BIES A N-Z e -L- R AR TR
FHLR AT & RAE 72 h & T 48 h, H AWML
ALY . BRI RIS AR BT 4 2 RIR R 2R 1Y
BENE RS Rw TS, XL
A BT A AR AR A A IS s e T,
OSH A= Miwmit—£ MR, 12 h &5
96 h I R B Z A 4 K2 8 Rt A e B %
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25, IEREMR . L-RNEAMR . 2-0 3 -3- 5
A-D-HINHIR S5 SR ¥ 96 h T 5T 72 h,
ZE AR A 28 S B B b — A A 2
AR, UAHH LR OSH A 7= B i A & e e 19,
KR Z SR H AR 7E96h 5
120 h R BER Z a4 5 K2 15 R Ae
WERER, 96 h J5, U S EMERIA
B, UGB R AR S A B 2
LR ANEE YA

& 4 B[ LIFE H OSH A F=HfE XK BF 24 h
Ml 48 h 5 2 22 A 32 2 AR A k-
tRNA AW & . H &R -22 2R - 70 @ PR S
e R AR ARG . BRI BRI AE W G RN
WEERAEY AR REEEY; 48 h 572 h il
R 22 5 32 BRI AE 24 IE-tRNA A=A A%
WIR IE AL BE AR A= 06 B . T2 R - KA R -
BRARNW . RNAR-MAR-CAREYE
BRI A= )6 A& E T 72 h 5
96 h iy 2= Y R 8 S 5 HWE-(RNA £
WG i, RN R - T A R - 0 2 R AE W
WR IWE FI AL IGE A WA= )65 B . ABC %35 25 1R
TR ACHT A A6 SE ;. MAERTE 96 h
120 h 1y 25 25 A 32 5 i 2 WE-tRNA B
WG HRAMR-2 2 R- 5 AR . ABC ¥
B NG A B BRI R T 2 R A A
&A=, Xl F A B ) B S
RIS
2.4 OSH % E#id 12 S 5 18 B8 o3 4

W05 2 1) OSH K Bt F rp i B 2 25 54k
H P E) KEGG B, P22 5w
Z 5 FL G GRS, IHRIEYIRE
R B) e R AR ) A8 Ak, 7] OSH A )™
B 7E AN [7] 2 T A i) A RO AR i A H S A R
Yy AR A AT 25 BT L (] 5) o
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%2 OSH ZEAFEtEAHE R EEEF K Y
Table 2 Significantly different metabolites between different groups of the OSH fermentation
Comparison Metabolite Metabolite VIP value Ratio P value  Variation
groups classification trend
Between 24 h and Organic acids and ~ Acetic anhydride 1.235 0.455 0.002 Down
48 h derivatives L-homoserine 2.004 4.204 0.002 Up
3-methyl-2-oxopentanoic acid 2.234 6.625 0.002 Up
Aspartate 2.733 13.879 0.002 Up
3-hydroxyoctanoic acid 1.133 2.198 0.002 Up
Hydroxydodecanoic acid 1.986 0.153 0.002 Up
N-acetyl-L-phenylalanine 1.052 2.002 0.002 Up
DL-dopa 1.535 3.710 0.002 Up
N-acetyl-L-glutamate 2.172 4.550 0.002 Up
Organic Xanthine 1.200 0.436 0.002 Down
heterocyclic Orotate 1.584 2.630 0.002 Up
compounds L-gulonolactone 1.173 2.408 0.002 Up
3-hydroxyadipic acid-3,6-lactone 3.317 0.096 0.002 Down
Organic oxygen D-tagatose 1.493 0.408 0.002 Down
compounds
Lipids and 2,3-dihydroxyvaleric acid 1.099 2.550 0.002 Up
lipid-like molecules Methylglutaric acid 1.535 2372 0.002 Up
2-hydroxyadipic acid 1.294 2.477 0.002 Up
Benzoic acids Indan-1-Ol 1.000 2.070 0.002 Up
Phenyl acetate 2.049 0.353 0.002 Down
Between 48 h and Organic acids and  3-hydroxyoctanoic acid 1.952 0.248 0.002 Down
72 h derivatives Hydroxydodecanoic acid 1.674 0.197 0.002 Down
L-phenylalanine 1.412 4.391 0.002 Up
N-acetyl-L-aspartate 1.768 2.546 0.002 Up
N-acetyl-L-glutamate 1.157 2.271 0.002 Up
Organic heterocyclic Xanthine 2.398 5.574 0.002 Up
compounds 6-deoxyinosine 6-deoxyfagomine 1.486 3.557 0.002 Up
Organic oxygen 2,3,4,5-tetrahydroxypentanoic acid 1.853 3.948 0.002 Up
compounds
Lipids and 2,3-dihydroxyvaleric acid 1.659 4.847 0.002 Up
lipid-like molecules
Benzoic acids Phenylacetic 2.147 9.454 0.002 Up
Indan-1-0O1 1.007 2.125 0.002 Up
Between 72 h and Organic acids and  3-hydroxyoctanoic acid 1.839 0.284 0.002 Down
96 h derivatives Positive tyrosine 2.509 4.631 0.002 Up
L-phenylalanine 1.862 4.141 0.002 Up
2-keto-3-deoxy-D-gluconic acid 1.139 3.355 0.002 Up
Organic heterocyclic Mukonal 1.240 2.266 0.002 Up
compounds
Benzoic acids Phenylacetic 1.316 3.553 0.002 Up
Catechol 1.166 0.336 0.008 Down
Others O-acetylsalicylhydroxamic acid 1.743 3.907 0.002 Up
(5%)
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2232 2)
Comparison Metabolite Metabolite VIP value Ratio P value  Variation
groups classification trend
Between 96 h and Organic acids and  3-hydroxyoctanoic acid 2.047 4.652 0.002 Up
120 h derivatives (R)-3-hydroxybutyric acid 1.532 2.811 0.002 Up
3-methyl-2-oxopentanoic acid 1.965 5.234 0.002 Up
Acetic anhydride 1.794 3.434 0.002 Up
Aspartate 1.204 3.373 0.002 Up
N-acetyl-L-glutamate 1.126 2.204 0.002 Up
N-acetyl-L-methionine 2.311 5.974 0.002 Up
Hydroxydodecanoic acid 2.933 19.266 0.002 Up
Organic 5-ethyl-5-methyl-2,4-oxazolidinedione  2.082 3.610 0.002 Up
heterocyclic 3-hydroxyadipic acid-3,6-lactone 1.114 2.438 0.002 Up
compounds Xanthine 2367 0170  0.002  Up
Benzoic acids Phenylacetic 1.019 3.024 0.002 Up
Catechol 2.078 4.887 0.002 Down
Lipids and (+)-2-hydroxyisocaproic acid 1.628 2.762 0.002 Up
lipid-like molecules
Organic oxygen D-tagatose 1.611 2.876 0.002 Up
compounds
A KEGG enrichment scatter plot
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B KEGG enrichment scatter plot
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D KEGG enrichment scatter plot
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Figure 4 KEGG bubble diagram of differential metabolites in different comparison groups of OSH
fermentation. A: 24 h and 48 h. B: 48 h and 72 h. C: 72 h and 96 h. D: 96 h and 120 h.
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Figure 5 Metabolomic analysis of metabolic pathways at the center of OSH cell factories.
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Figure 6 Effect of exogenous addition of pyruvic acid on biomass (A) and OSH titer (B) of the producing
strain. Data are shown as the mean of three replicates, with error bars representing the standard error of the

mean might.
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Figure 7 Effect of exogenous addition of oxaloacetic acid on biomass (A) and OSH titer (B) of the producing
strain. Data are shown as the mean of three replicates, with error bars representing the standard error of the

mean might.
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replicates, with error bars representing the standard
error of the mean might.
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