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Abstract: Differences between extracellular metabolites of recombinant strain N6076 mutagenized by low-energy ion beams and original strain
KhO8 at different fermentation stages were studied by metabolomic methods. The related metabolic pathways were discussed based on network
pharmacology. The results show significant differences between the extracellular metabolites of the two strains at different stages. Fifteen metabolites with
VIP>1 were identified including indole-3-propionate (IPA), a common metabolite showing the most significant difference. The pathways of metabolites
showing differences were examined based on network pharmacology. It has been found that four metabolic pathways of the recombinant strain show
significant differences, namely lipid metabolism, phosphatidylinositol (GPI)-anchoring, pantothenic acid and CoA biosynthesis, and the
glycerophospholipid metabolism. This study provides scientific evidence and understanding of the metabolic differences of recombinant yeast and a
possible direction for future strain improvement.
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Table 1 Differential compounds of recombinant strain N6076

3-Indolehydracrylic acid
PC(18:1(9Z)¢2/:0)
PE(22:6(42/72/10Z132/162/192)/24:1(152))

Neuraminic acid

APSECRTRGaISEeS

et 4 A% 2FE AFEM EREHKF HMDB %S
Indole-3-propionic acid (IPA) 189.07 C, H, NO, 21342 HMDB0002302
Dephospho-CoA 687.14 C,H.NO.PS 022  HMDB0001373
2,5-Dichloro-4-oxohex-2-enedioate 225.94 CH,CLO, 0.14 HMDBO0060363
Flazine 30807 C,H,NO, 224 HMDB0033459
Citpressine II 31511 C,H,NO, 459  HMDB0029324
(R,S)-Norlaudanosoline 287.11 C,H,NO, 2 HMDB0012486
Carbamazepine-10,11-epoxide 252.08 CH,N,0, 5.07 HMDBO0060658
3-Indolelactic acid 205.07 C, H, NO, 13 HMDB0000671
PC(18:1(9Z)e/2:0) 54937  C,H NOP 034  HMDBO011148
PE(22:6(42,72,10Z,13Z,16Z,19Z)/24:1(15Z)) 873.62 C, He NOP 0.13 HMDB0009707
Neuraminic acid 267.09 CH,,NO, 2.18 HMDB0000830
Cerulenin 2312 C,H, NO, 652 HMDBO0015168
Mupirocin 500.29 C,H,,0, 1.74 HMDB0014554
Lactosylceramide (d18:1/26:0) 1001.77  C,HONO,, 0.70 HMDB0004874
Glycocholic acid 465.30 C,H,;NO, 3.09 HMDB0000138

E: *n=6, p<0.05. &2F,
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odh £ 4k AFE  AFHH EFEH HMDB %S
Lusitanicoside 44218  CyH;30y9 8.26 HMDBO0034120
Glaucarubin 496.23  CysH3Oy9 7.14 HMDBO0035626
2-(3-Carboxy-3-(methylammonio)propyl)-L-histidine 271.14  Cy1HoN4Oy4 10.62 HMDBO0011654
Acevaltrate 480.19  CyH30y9 8.08 HMDBO0034494
3-O-Sulfogalactosylceramide (d18:1/14:0) 75149 C3H»NO(;S 7.18 HMDBO0012312
Cerulenin 22312 Cp;pH;NOs 9 HMDBO0015168
N-Desmethylcitalopram 310.14  C;9H;oFN,O 24.76 HMDBO0014021
PE(14:1(9Z2)/18:4(6Z,9Z,127,15Z)) 681.43  C3;HuNOsP 4.15 HMDB0008865
LysoPA(18:0/0:0) 43827  CyHgiO,P 9.05 HMDB0007854
DHAP(18:0) 43625  CyHyOsP 19.23 HMDBO0011133
Phosphorylcholine 184.07  CsH;sNO4P 2.25 HMDBO0001565
Cytidine 243.08  CoH;3N3;0s 8.93 HMDB0000089
Indole-3-propionic acid (IPA) 189.07  C;H;1NO, 503.94 HMDBO0029738
Leukotriene E4 439.23  CyH3NOsS 491 HMDB0002200
3-O-Sulfogalactosylceramide (d18:1/24:0) 891.64 C4;HosNO(;S 5.39 HMDB0000024

Lusitanicoside
Glaucarubin
2-(3-Carboxy-3-(methylammoria)propy)-L-histidine
Acevaltrate
3-0-Sulfogalactosylceramide(d18:1/14:0)

Cerutenin

N-Desmethylcitalopram
PE(14:1(92/18:4(62/92/122/152)
LyaoPA(18:0/0:0)

DHAP(18:0)

Phosphorylcholine

Cytidine

Indole-3-propionic acid

Leukotricne E4
3-0-Sulfogalactosylceramide(d 18:1/24:0)

& 8 JRIREIM Kn08 FA[E]
Fig.8 Heat map of original strain Kh08
Z B (B 7. |8 MR E/R, TRfEH
R N6076 t, I ZAERIR TR Kho8 Hhig| Wk 3-P
BRI FE e, H 48 hy 96 hikFEH T 0 h H4
Ik N6076 % .

2.3 EEEFE O AMRHE B AT

[ ___SEEE ]

-log(p)
N
0

Pathway Impact

&9 ELREHK N6O76 1R I5HEEE
Fig.9 Metabolic pathway of recombinant strain N6076

K Metaboanalyst Chttps://www.metaboanalyst.
ca/) XTEA R N6076 5JFAGTPR Kh08 %52 #5511
ZE AT 200, AL SIS R HMDB 5
NBUEELLXS, EREIBRERE (FERE) @R 7 Ak
PFAFRERIHAE (B9, K10 . HbE—4Ri
REE— M@ B AT 2 p ERERR SR
T pathway impact values ‘.7 ) UL FCAS 21 A QU8 2% .
IR & R RN AAKR p B, Bl
FRIR W & SRR R 2
e T T T
£ Y00 I R SN SN S N
£ )| NSNS SUUUN. SIS N ———
I S G HBaLL
200
B
1.5+

1.0 =
0.00 0.05 0.10 0.15 0.20

-log(p)

Pathway Impact
[E 10 JRIAETIR Kh08 FiFfiRER
Fig.10 Metabolic pathway of original strain Kh08
FE bR N6076 fQSHEH H, 29 K 1 Ether
lipid metabolism C i@ #% A, BF g AX )
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis
Gl B, WEEBEEMEUIEE (GPD -HiEAEMEHD
Pantothenate and CoA biosynthesis GE#$ C, iZ FRF1 CoA
WA %) « Glycerophospholipid metabolism G D,
HBEIRAD o FEMTBCR ARSI AR .

47



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.9

Bk — SRR H B, E 25 2 FAEYIThRE,
(R C U REE ] 0 A L DR Ry L= S b i
() P YRR AU R D e AR S AL R

HERNURN S R 2 10— 250G, WAV, 25
PR 2 1R (IR A 54 S,

% 3 ELAERR N6076 XK SHERE

Table 3 Relevant metabolic pathways of recombinant strain N6076

No. Pathway Total Hits Rawp Holmp FDR Impact
A Bik g ARa4 12 1 0.15 1.88 1 0.17
B AEEFRSBEEL (GP1) 482 A ME R 14 1 0.17 1.73 1 0.03
C 2B An CoA A Ma s, 20 1 0.24 1.41 1 0.07
D Hib B S Rt 32 1 036 102 1 0.11
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