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Abstract: [Objective] The objective is to compare the metabolic differences of the nematode-killing fungus
Esteya vermicola (EV) cultured in carbon and nitrogen nutrient sources and to identify key metabolites or signal
molecules. [Method] The carbon medium (mainly composed of PDB) for culturing fungi and the nitrogen
medium (mainly composed of yeast powder) for culturing bacteria were selected. EV bacteria were cultured on
two kinds of culture media at 25 °C for 7 days. The mycelia were harvested and the metabolites were extracted.
Non-target high performance liquid chromatography-mass spectrometry (HPLC-MS) was used to analyze and
identify metabolite components in both positive and negative ion modes. The metabolic pathways of metabolites
with significant differences were analyzed. [Result] A total of 498 metabolites were identified, including 176
negative and 362 positive ion modes and 40 metabolites in both modes. There were 444 metabolites with

significant differences, accounting for 89.2% of the total, among which 162 were negative and 310 were
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positive, and 28 were common to the two modes. Both principal component analysis and partial least square
discriminant analysis could cluster the metabolites into different clusters and separate them significantly in
carbon and nitrogen culture. In nitrogen culture, guanidine phosphate acetate and p-cresol sulfate were abundant
and unique metabolites, and the yield of allantoin, photopigment, indole, and trehalose were significantly up-
regulated. Pathway analysis enriched the significantly up-regulated and down-regulated metabolites into the
metabolic pathways related to amino acid and carbohydrate metabolism, respectively. [Conclusion] EV
bacteria showed significant metabolic differences in carbon and nitrogen culture. The metabolic pathway mainly
involves carbohydrate and amino acid metabolism. The important metabolites will provide a theoretical basis
for efficient culture and application of EV. [Ch, 3 fig. 2 tab. 31 ref.]
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FAMFEE HL Bursaphelenchus xylophilus & TE VYN FIER YN & U™ 8 19 AR S MG TEH R, IR A
W Esteya vermicola (EV 1) AL N AFAE B, P03 H B/ FRER YL T RICAM L L, FERR
MR AYIB i6 7 T EA RN HET S [FES, EV BIRAHR AU L R B. mucronatus . 7KFET
R W Aphelenchoides besseyi 548 W, . WFoE 2. EV BN A 4HEEY, oA 40 5 6 B 1) A=)
FAAERERAEZNEN, W0 Rhizopus microsporus N B AE T Burkholderia g7 A= W) 8 X IR
2, RE e EERESWERE Y, FBOKREMZEWRY . WML MAEY) RSN RE) & EZ N6
LB R O R AN FOCR MM EAEAEY Y, P mE FE A SE N PE T A A B Y L
XoF e IR e e iy, HACI ) ke A A R AR AL, BRI A DA DG

R R R G AP 2 b AR W — DT, BTEM ARSI 2L, EE 2 s g Y 4
AN FARE Y o S LA S XA BT 34T, AT DA R A oS I O i 1 ELA
AR T SORN I 28 22 S AT o, I DA R SRR 5T A= P AR 9 AR B AR LR HILERI T, X EV WAEA
Bk . B IR T A AR AT o0 b, B B 2 22 AR, Rl 2 EENE S 01, AU
EV B A0 PR s 2 e A, 1 HXNR AR WA R AE EV WD A E 25 X,

1 #R5r&®

1.1 E#k
PR BT Esteya vermicola CBS115803 W Ffuf 2 B W RATH 0> o
1.2 BEHE

BREEFERE N 24 g THR R AR A R 37 5L (PDB, Becton, Dickinson and Company, E[#) 110 g Bi
JEAT 1 L XGEK. AEEFREEN 5 g BERER (OXOID A F], FEE) 10 g BEET 1 L WK,
1.3 {EEFnitF

Nano {543 HE 5 730811 QE (Thermo Q-Exactive, 78[H); FEZF|iT BSA124S HL T K5 HAHK
45 1% (Labogene MaixVac Alpha, 7}7#7); Sigma 3-30KS /=5 B.00HL, KQS5 200DE I 4448 = il e s (B
Wi AR ABRA R, PED; @G P B (Fisher, 3EH).,
14 4b3E

Beaas . RS IR, BEIRILEE A KR JE B (FLA% 3 um, FEZFIHT), R EV W5
T 25 °C #5157 7 d. BRI MAEF0)Je R TR, ATBAUK ehit e R, ISR K
YR A e T A a5 SR BE T A /K 3, TSR I 22 ANFE R 2 mL BRI TR B0, RS ET S 47
BIFRE B R R, R A AR A TR S T-80 C R-fF. RRACERE 5 IAEYFHE, H
SR K C~Cs Al Nj~Nso AR VRIEH TC T B ELAR N 3 mm WANER 2 4>, WA VR 45040 T il FH 3 ot
RETSCH MM 400 A/ 2 min, BAFEEGF IO S T Tk b, A 2 mL B2 iR 80 80% HIEET
—80 °C VKAEHIE 1 h, 4 °C. 14 000 g #5.0> 20 min J5 45 FIE AR 2 ) —MHRIATELO A, Boas Wi T4
FES G T80 °C P-1F . H 300 pL RTS8k 90% W B 75 52 IR F1 48 0.45 pm (98BI 0E, 58 R KR
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WP
1.5 HPLC-MS &

K FH AR BB ) 25 8508FR 2033 - 5 33 36 FH 352 R (HPLC-MS) X R i B A7 0 58 AU 9 ) o (o i A
Waters ACQUITY UPLC®(2.1 mmx100.0 mm, 1.7 um). #ahtl: 0.1% HER-KIEWR (A), 0.1% HFR-L I
(B). BEMLSME: 0~0.5 min, 95%B; 0.5~7.0 min, 95%~65% B; 7.0~8.0 min, 65%~40% B; 8.0~9.0 min,
40%B; 9.0~9.1 min, 40%~95%B; 9.1~12.0 min, 95%B. FiikSE & ¥R, 310275 Pa; HHBHA,
103 425 Pa; Wi, 4000V (1F)/3 500 V (f); BB : 350 C. fERERM (Xcalibur 4.0.27,
Thermo) FOFEHI T, SR —2iiE e HH (& MS) 454 A shfil &k stk HH (MS/MS) #X, B .
PHES PR 2 Flel By 2ORE S . 2170 0~18 min. 43¥ER. 4 MS, 170000; MS/MS, 17500
1.6 RigERES T

IR E A AT A g . U By PR ETRIASIE . X FFAIH—1k, RZARE 1 AR
] gy L AR (55 (R AOER A R o b 315 A (5 5 5 — S0 — 28 R EA TR G
B A5 5 <30 ARG T LA . 43HTEs 10 ByRE S L35 A 3 AN BT iREX R (QC) HEAS LAE 584
Ao HriE R AR AU RRE TR, QC A RE AL & W I T AR B 7228 S RACE >30%, W7 LUASIER . RK
HIE R 0, BRIAE H HAE A M S E IR
1.7 EZRKEHIHIE

FH Metaboanalyst 4.0 7E £k 4K (https://www.metaboanalyst.ca/MetaboAnalyst/home.xhtml) 52 i, Fl FH X}
U A AN pareto A O AR A S A TAREAL AL B . ] 32 A A AT (PCA) i e/ — ek Fl
S (PLS-DA) PEAG AR AL FR A 3 2HAE O o 455 LATT 2 DARifExT 2 A S 500 BT BH e A A X 1y 22 R Ak &
YIEAT i1 . £ FDR (false discovery rate) 1 1E [ ¢ K % B9 P<<0.05; 1F 38 fe /)y — 3 #1051 43 #r (OPLS-
DA) WA 5 5% H 2 (variable influence on projection, VIP) f543>1,

1.8 RigHEET 4T

AR 538 HH Metaboanalyst 4.0 (https://www.metaboanalyst.ca/MetaboAnalyst/upload/PathUploadView.
xhtml) HAFCIEHE F AT (pathway analysis module) 58 . M TIREE 1922 015 KEGG (Kyoto
encyclopedia of genes and genomes) £ & (2019 4F 10 H) FI AR 2H £ d8 72 (HMDB) #E47VCHE, SR )5
YEPEIEHR: Saccharomyces cerevisiae WM [ ZEAE S BT & T A FN 8. & RS
B0 JLAT%: (hypergeometric test) A6 9 >4 Qi B 1) b P (P<<0.05); #hidh ot 22 7 W E A 1o )
AT ErhuL M (relative-betweeness centrality) .

2 HEREpH
2.1 MABEEFEAXTEENULEY

PHE TR N EER A Z TIHE PR T R ey . B, R am t 279 F1
461 FibA Yy, H 74 Fpoky 2 PR R, 30t 666 FiLA Y. il RS IEALEE, . FHES
TR 5 176 F1 362 Fiib G4, Horp 2 FR 3L F & A 40 Fifb &4, St 498 Fiib &4, £dia i
(B R AR Y L35 R 0.74% . BRES TR, BATESE IR 58 T AR Bk 2350 0.23%; BHES 115
KT, BRI T R R 2.38%, m TR 0.11%.

22 ABEERSTH

B ES 1 FIBH B AN EV IR B 22 ARG 19 £ 1o A is 2  (K1 1A~B) s /I 2 A 47
SRFET 94.9% (FAr 1 92.5%, F 5 2 H 2.4%) Fl1 92.5% (F L4 1 M 89.5%, T4y 2 M 3.0%)
AR S, 2 M TR BV WACHEZERR . RIS FRAEE RG22 K, @M. /D 3k 50k
o453 (B 1C~D) 5 E M Hrik g R —3
23 ERUEY

KRN ERIE I T 22 7S RN, WE 2. k25 53 (P<0.05) ML &AL 444 Flr,
hi BB 89.2%; MBS FRIBHES A4 A 162 1310 Ff, 28 Fpoky 2 Fii XA . VIP>1 Btk &9t
A 469 B, BB 94.2%; BIE T MIBHES 7RI Bl 167 1 334 B, 32 Fh oy 2 st Ay . R
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Figure 1 PCA and PLS-DA of EV metabolites under carbon and nitrogen culture conditions
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Table 1 Part of significantly different metabolites
Ay N JBfar L PR ER 15 ] /min RS ALAEEL P KEGG%i 5
BRI 2 WR s 198.03 9.86 62 12.46 1.13x107" C03166
XJ H B R ER 187.01 6.17 53 12.41 8.88x107"
LR IR H R 136.04 2.00 50 9.93 1.67x10°* C00108
PRI 190.05 129 40 8.26 6.26x1077 Co01717
RmT 163.12 4.68 44 5.51 1.14x107° C16150
4-FR B2 MR IR 188.03 5.76 30 5.48 9.62x10°* C01717
SR 124.04 3.50 41 5.17 1.71x1077 00253
JRER 159.05 5.46 50 5.09 2.53x10°* C01551
(IR P A4 2 188.07 7.98 98 420 4.68x10°°
2- Mk AR 86.06 3.79 41 4.10 2.57x10°° C11118
UL Y7y 127.05 9.62 69 3.54 1.56x107 C02835
Y 112.09 5.74 45 3.34 2.79x107 C00388
A WEH AR 306.08 1.02 58 3.26 5.97x10°* C00051
KR 243.09 1.58 70 3.00 2.79x10°* C01727
IV 227.11 12.66 55 2.40 3.30x107° C00386
IR 102.09 6.73 68 225 9.68x10°° C00576
LIS 118.07 8.32 57 2.12 4.40x10°° 00463
SRR 133.01 0.90 43 1.90 2.86x107° C00711
=0 118.09 8.30 51 1.88 2.79x10° C00719
HE 2 1%d 118.06 8.26 38 1.87 1.19x10° C00581
B L 138.06 9.05 38 1.59 1.71x107 C01004
T IR 341.11 1.04 78 1.34 6.16x10°° C01083
FeHE PR 162.11 9.31 72 1.34 2.97x10°° C00318
LB RS THE A B 204.12 8.54 73 1.32 1.69x107 C02571
2T 181.07 224 55 -1.64 6.07x1077 C07130
T 106.09 8.16 45 -1.73 1.42x107™ C06772
LHE R 170.08 5.83 57 —-2.40 1.52x107° C00547
g NIvEN 193.05 5.36 32 -3.58 2.87x10°° C01494
iy 151.06 1.01 46 —4.08 3.13x10°° 00474
FH LRIk 2,2 141.07 9.52 41 —-4.51 2.90x107 05828
IREEHEE 121.05 1.04 75 -5.20 2.80x107° C00503
*k2 BRAEBEFEHTEVEEZERREMESEZHN KEGG &
Table 2 Enriched KEGG pathways by differential metabolites of EV under carbon and nitrogen culture conditions
AR s G AR % 2% NGV P Ay AN

sce00970 FFRILRNAR YIS 1K, 18/46 4.38x10™* 0.11

sce00330 AN HEN IR 10/25 7.53x107 0.33
1A sce00220 HRMREYE K 8/18 8.05x107 0.60

sce00430 AR TR AR B R A 4/7 2.28x1072 1.00

5ce00250 WA, REARMA AR 8/22 3.06x102 0.81

5¢e00520 FHME AT BRI 8/24 3.41x107 0.48
— sce00052 U 5/17 8.98x10°° 0.82

sce00040 BCHE R MRS BR (A B Ak 4/12 1.22x1072 0.27

sce00500 TERY RN G 4115 2.79x1072 0.35

Uil . DCRCTE AL PERE AL & 4Bl B A 5 1
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Figure 3 Significant metabolic pathways enriched by differential metabolites
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Ruminococcaceae F1 745 72 [G I F} Veillonellaceae 45 41 R X H Bp i iR 6 19 7= A B, CAFR R . A0
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S0, IR AR AR 2 A, BIANEIE L. BURiRRE R . W2 L AR W RO g| A
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- EV AN A AT AR i AR AR B TR ST AR AE TR L B MR A R IR AT
L PN 20 BT P R IR 7 AR 2, R AT DUR I I — {5 5 0 TR A1, DATE R LN AR A7

AT oY B . BV WA b &4 L A R L E W, W1 Arthrobotrys oligospora . Dactylellina
haptotyla. Drechmeria coniospora W2 [ JR¥EREizH A, 1A, EV H N LA NS TR AR
Pseudomonas" . JRE Z 2 IR NEERA 1 5 IR A% i [ 7= 4, PRE R T AR SR L0 BT L 40 TR R 4 FH A ik
R BRIR, PREEZR oW /R 58 2538 B 0 AT AE W ml se A B T4 sy B0 1) 1 B3R A nRe B, andE — gk
AMERRERE T, E%E B REER /IR ER s A R A (BCRE R A AN Rl Saccharomyces
cerevisiae W] IFEfRIRFERP T, AR AR AIGTRFMT, RER WL R 50T
32 4%, Bk, PRYEFABVTRERE EV WAL M P A 4o R 0 —FE K

TESEHETE AR P Az, GFEANTR . B . Y. TEMESIY ALY . TR B
FEPE, T EONE RS OR3P A B Y 0 HE Ak S 2 25 Pl PR T RS SR BRI o 2 A PT DA Vi S AR Sk e I o
ME— U5, — SR AT o g s TV S A RE Y 25 A By, TR A0 B AR KRR B LR RE LAV P b
A FERYE T - SR Leguminosae A4 HE A= 1], TRE SN CE AR & & 1 R P AR AE AR AR IR
FE 1R A0 ) B AW, -5 IR A A TR A IR IS TR TE OGO, Py YRR T SR AR B B = sl AE 45
KR B rh ik R AR S S5 9 8l 61 . Mg P M AR v B EV LA AR 19— FhBR IR, AE R TR B = B VR Mg 25 BE R
(RIGFE T 7 A T SRR S 52 T 1Y 2.5 £%)-

A F IR R DU ) . TR IR % b 2 O 7E I PR B 0 S5 40 o rh A T e T
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