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Metabolomics of Volvariella volvacea in response to infection
by Pseudomonas sp. Z9

CHEN Han, HUANG Zaixing, DING Chengpei, WEI Zhiyuan, SU Guanglin, LIU Bin’

College of Agriculture, Institute of Edible Fungi, Guangxi University, Nanning 530005, Guangxi, China

Abstract: [Background] Pseudomonas sp. Z9 is the pathogen responsible for causing yellow
blotch disease in Volvariella volvacea. However, the mechanism of this pathogen in inducing
yellow blotch disease remains unclear. [Objective] To investigate the differential metabolites and
metabolic pathways of V. volvacea infected by Pseudomonas sp. Z9, providing a basis for
understanding the underlying mechanism. [Methods] V. volvacea fruiting bodies inoculated with
the pathogen and sterile water (CK) were sampled every 12 h within 48 h. The content of
malondialdehyde (MDA) and the relative conductivity of the fruiting bodies were measured.
Meanwhile, the activities of superoxide dismutase (SOD), catalase (CAT), and polyphenol oxidase
(PPO) associated with the metabolism of reactive oxygen species were determined. Non-targeted
metabolomics was employed to explore the differential metabolites and pathways of Pseudomonas
sp. Z9-infected V. volvacea 24 h post-infection. [Results] The MDA content of V. volvacea
increased over time within 48 h after inoculation of the pathogen and was higher in the
inoculation group than in the CK group (P<0.05). CAT and SOD activities gradually increased
over time and reached the peak at the time point of 24 h, while the PPO activity first decreased
and then increased. The relative conductivity of the two groups first increased and then reached
stability after 12 h. A total of 131 differential metabolites between the two groups were screened
out and identified. The KEGG pathway enrichment results revealed that the differential
metabolites were mainly enriched in amino acid metabolism pathways, especially tryptophan
metabolism and tyrosine metabolism. Syringic acid was the metabolite with the largest increase
in content after infection by Pseudomonas sp. Z9 in V. volvacea, with a variable important for
the projection (VIP) value of 1.355 6. [Conclusion] The cell membrane of V. volvacea infected
by Pseudomonas sp. Z9 experiences persistent peroxidation. We hypothesize that V. volvacea
utilizes syringic acid to eliminate reactive oxygen species produced upon infection of
Pseudomonas sp. Z9, thus avoiding cellular oxidative damage. Tyrosine metabolism is an
important metabolic pathway involved in the formation of yellow blotches caused by
Pseudomonas sp. Z9 in V. volvacea.

Keywords: \olvariella volvacea; Pseudomonas sp.; infection; antioxidant enzymes; metabolomics
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T (Pseudomonas chlororaphis)s | i fit) 25 4 5 5%
W, B R SRR AR R R R, AU
SEARBRIFAR A, R EEFMERE -

B2 2% I A= e sGs S a i,
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Z9 S R, B R - SR I o s e T
12U A AR BRAS AL, ] A ) A 4 i A Qi 2 2
HR 4 Pseudomonas sp. Z9 7 44 gk £ Sk
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1R

1.1 Bk
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TRAFT T PR B ST .
1.2 EFE
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1.3 EERFIFNE
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U 20 min YWAE ISR BRI, 4 °CIRAFEE

PN R I E R A AR B L R
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KRR 29 #ER B RS VOT1 3K |, T
25°C, 2SI N 85%—90%5< 4 T i & 48 h,
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15 AEXT
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Kb Bo WHAiKIB SR, B EHES
3 wﬁ.\[23]O
1.6 KEEHRIGHH
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A, DI IRTRICTA 2 85 /K AF vt B4
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85%—90% M B 45 /4 T i 24 ho RAE 24 h )
A 3 RIS B2 9 B 4 - SR, R AR B A
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1.7 LC-MS #&0
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A 100 mg BEFEER, 1 mL 50% K, IRiERES
30 s, AR R 5 min J5 BT 55 Hz 2T 4
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1) 2-A-L- RN MR (4 mg/L) R, 42 0.22 pm
VR ML YR B, T LC-MS &Y,

W 2 pL A AR = RO 43 B, A AT
& ACQUITY UPLC® HSS T3 (2.1x100 mm, 1.8 pm)
(Waters), Vi A 0.3 mL/min, ¥ 40 °C. FHES
T 2 s A5 DL 0.1% B R 21 (B2) A
0.1% M R /K (A2) Jy i sh Al , 6 B2 Uk 72 7y
0-1 min, 8% B2; 1-8 min, 8% 98% B2;
8—10 min, 98% B2; 10—10.1 min, 98%—8% B2;
10.1-12 min, 8% B2. A& FHI=L, PIZNEB3)
F1'5 mmol/L H PR & /K (A3) i shAH , Ak B e i
F£F: 0-1 min, 8% B3; 1-8 min, 8%—98% B3;
8—10 min, 98% B3; 10-10.1 min, 98%—8% B3;
10.1-12 min, 8% B3,

258 R OB 43 8 B RE R B PR 4

R AT BT B R . — PR RN
60 000, —Zp§FHARFER Mz 100-1 000, JFF%
e

= BERHE 7% 25 (high energy collision dissociation,
HCD)EAT — 95400 , RiFERERN 30%, —4s)
PN 15000,
1.8 RIGLE T
BT UPLC-MS/MS #5755 | R JH A 4L
$& %2 HMDB , MassBank . LipidMaps . mzCloud ,
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Figure 1
content of Volvariella volvacea.

Effect of Pseudomonas sp. Z9 on MDA
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Figure 2 Effect of Pseudomonas sp. Z9 on SOD
activity of Volvariella volvacea.
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Figure 3 Effect of Pseudomonas sp. Z9 on CAT
activity of Volvariella volvacea.
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Figure 4 Effect of Pseudomonas sp. Z9 on PPO
activity of Volvariella volvacea.
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Figure 5 Effect of Pseudomonas sp. Z9 on relative
conductivity of Volvariella volvacea.
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Figure 6 Principal component analysis of metabolites between control group (CK) and the treatment group

(Z9). A: Positive ion mode. B: Negative ion mode.
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Figure 7 OPLS-DA analysis of metabolites between control group (CK) and the treatment group (Z9).
A: Positive ion mode. B: Negative ion mode.
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Figure 8 Volcano plot of differentially expressed metabolites under positive and negative ion modes. A:
Positive ion mode; B: Negative ion mode. Each dot in the graph represents a substance, Up: Up-regulated
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Figure 9 Z-score plot of overall differentially expressed metabolites under positive and negative ion modes.
Vertical coordinate is the name of the metabolite, the color of the dots represent different groups, horizontal
coordinate is the relative content of the metabolite in the group by Z-score conversion of the value, the more
to the right means that the metabolite is more in the group.
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x1 ERREIH KEGG BREEE S

Table 1 KEGG pathway enrichment analysis of differential metabolites
AR 2 1Y AR Rty et 250 EREzEsA iz sA
Metabolic Pathway name Total % H W H LY/ kG
pathway type metabolites Number of Numbers of ~ Numbers of
differential up-regulated down-regulated
metabolites  differential differential
metabolites metabolites
A TR A A 83 11 4 7
Amino acid Tryptophan metabolism
metabolism KNER . BARMEOARNEY SR 34 7 1 6
Phenylalanine, tyrosine and tryptophan
biosynthesis
% & B2 X4 Tyrosine metabolism 78
1 & PRI A= )& il Arginine biosynthesis 23 4 2
NARR . RITZ RN AR 28 4 3 1
Alanine, aspartate and glutamate metabolism
o ZEA AR R IR 1 R 5 141 19 8 11
Chemical structure Biosynthesis of plant secondary metabolites
transformation TR A A K 68 10 4 6
maps Biosynthesis of plant hormones
IE R RRIE AR A W A 4 TR 143 11 4 7
Biosynthesis of alkaloids derived from
shikimate pathway
L RS EARALEER iUl 47 10 1 9
Digestive system  Protein digestion and absorption
Y12 UX Mineral absorption 29 4 1 3
W7 R 5 B0 S 25 [ 12 A i 24 4 3 1
Endocrine system Ovarian steroidogenesis
B SRR A5 A 12 3 3 0
Cortisol synthesis and secretion
SR LR R EERR A R 128 14 5 9
Global and Biosynthesis of amino acids
overview maps B TR A A R 324 20 11 9
Biosynthesis of cofactors
Jig AR a- S FRIR A 135 44 5 5 0
Lipid metabolism  Alpha-linolenic acid metabolism
53z i ABC iz & 1 137 9 5 4
Membrane transport ABC transporters
MRS 2 [ JHe e A 22 5% fih 12 3 2 1
Nervous system Dopaminergic synapse
Bix SR -(RNA HEY A R 52 8 1 7
Translation Aminoacyl-tRNA biosynthesis
JEAE: MR JERE ) L BRAC T 37 9 2 7
Cancer: overview  Central carbon metabolism in cancer
WGBSR S 1E 13 3 3 0

Endocrine and
metabolic disease

Cushing syndrome
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Biosynthesis of plant secondary metabolites &
Protein digestion and absorption @
CHECIY IdIdIIIIC, LYTUSIHIC dllu WY PLopLidll DIUS YLHLICSIS = L J IJ \J’alLle

Aminoacyl-tRNA biosynthesis

, . 0.001
Biosynthesis of cofactors 0.002

Biosynthesis of alkaloids derived from shikimate pathway |- @ 0.003
Tyrosine metabolism

its
Arginine biosynthesis

its

5
1
1

..‘I

Ovarian steroidogenesis |- ° g

Alpha-linolenic acid metabolism )
Cushing syndrome
ABC ftransporters - @

Alanine, aspartate and glutamate metabolism .

Mineral ahenrntian -

10 Rig@EEEZWEFSIEE SO 0R—MIHEN, BIAPRR a E AR FFCSHHE 5 ) Impact
B, AARbRE R A B RN B BT A FRCH . BES P MG, BiEiker, P (M
AN, BUEBE, PEBOR

Figure 10 Metabolic pathway impact factor bubble chart. Each dot represents a metabolic pathway, the
horizontal coordinate is the value of Impact enriched into the different metabolic pathways, and the vertical
coordinate is the enriched pathway. The dots indicate the number of corresponding metabolic molecules in

the pathway. The color correlates with the P value, the redder the color, the smaller the P value, the bluer the
color, the larger the P value.

W, RAEm. EAR. LRER. Al MR, X5 E B Hs
LR . LR ORI . LAUERR TR BB RPN A I
2 B A T BRI BE 2 BT, F B 22 2 3 E e
AR . LES Rk, o e

\‘\—‘é:l:\
3 WrEHER TR R G, KA MDA &l

MDA REfE i E b=z —", 8 BEERE R, X 5430 ss
Fhos TR IS 48 h NI REZE TS0k MDA &ty R—20, AR L S 32 09 728 10 B 4 sz e 24 i g
R — 52 IR K, 6B Pseudomonas ZHESIRAUFERE o ARBFITHR, T 4 Ak PR 4 A A
sp. Z9 HlE g T m s TR, BT XTSRS RE AR RS R e
ALY RGENERREE T, AWM SRR 7E 12 h HI4IRF] 90%LL |, MIZHAb B 8] 2 S5
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PEARS @, UL AR X H R 1 AR A 27 I
{RYLHY S A 2, H 12 h B 7% 40 i 2
ARGERPEEIR . WRPFEPVR B, FAETE 4 °Cl%
JECE TR T, R g R ) R A 23 B B [ A 2 5
IR TREMESE, BAE 12 h B2 R KME,
X G ARFTE SR

M TR R S A S, A
SIE S —E B LR IR R A2, S5t
I S5 2 VI AH 56 1 — 2297 B 1) 2R e g 2 7 B
AN, TEARTRIE R, RN S 48 h
W CAT W& 2 EFH#as, H¥mFxiidd, £
Fs J5S SOD ik Je A R, 7€ 24 h B
SOD i P4 35 B g5 i (o 3 U B D B 1) 42 e I
BEROE T H B RS, Wb kRE
R fof EL T 3% A PR A e o T R A, DA T 3 G 4 A
A, X5 R HTE I F R Y
UHEL B s O AIF 9% — 2K, i F o8 R IR E e
{2 e LA 4 F L 7 000 0 P B A v
SO IR AR YL S PPO JHETE 48 h NG
FeJa BT, PPO fE B HIH 2 58 29 i 1 A
b, AT LUK B 2 T A BB S T, X
WA 7% R 5 AR B T R R P ek 7
Pseudomonas sp. Z9 {44 J5 RN & FE T AHALAY
B RN AIL ]

W ad LC-MS # A Kl B g - 52 K B
Pseudomonas sp. Z9 1= 44 J5 A & A8 ik, 45
REB, FETF X 4], Pseudomonas sp. Z9 17
Y J g TSR A I I S B T 131 Bl g
Z5RuEmY, EEARMYE 2R . B
Y. BIRMEY . &R . IRiRE, i
i 26 fb & P7E Pseudomonas sp. Z9 17 4 F 4
R F) TR B . Zhao 2R AR A
B ARG T IR W38 T AN [l R 2 i ] 22 7%
B 22 (1 22 AR A0 b, SEHERI, EERR .

AR . R . W, IBIIIR . AEW I SEY) i
FERFEARIR P E T2 1 Bk i A KRR AE
AR5 Hoi DA o 5 | A A ARG 28 Ak 5 AT U
18T E g A A AR AR AR

o I A T Bk R R I R, A
T 7N B R AR, P T s e B A
i o MR B A A S B ) S R GE I TR
B9 F, DR REIR SR i o v 20
Sidiq PR IE , it K I R BT ik & Bt AR RN
PLE G R LIE, A RN 2 AR
95 112 % . Pseudomonas sp. Z9 & 4443 5| e i gl
A 905 0 s g, G — B S S NS L — &R
GIRAEACHE ™Y, T /R iR 2 A
Wy iR SRR BT A B AR AR AR AR R T
AACHE M AR RERRIIRE, THRRILA N
5 1% 74 48 (reactive oxygen species, ROS)HI I HE .
M 7E Pseudomonas sp. Z9 12 YL)e, FLEAYIG
PR S AT RE W W3, AR T &R 1Y
G RGERE . T AR T = AT R E 1k X B
g L A s P — 1 905 T SR I, DR i Ko 24 L 1Y)
PFE

i KEGG i i & i, 29 R ift
W A 2RI A . O . AR
WG RAE, R s £ &2 it
W R A R AR R, iR TP e A IR
. maERAu e A AR E R E
B4R 2 13 [ o Zhao S U] FIESE ) 1% 35 4 4
G g 0 ¥ JEIRAE Ao AL, A 32 RN A
BRI . R AU S B AR OC, X SRR e
Tk AR — 3. REREPIRIREA
F 2 H ARG T R SR RO A, A
AT TA Sy B XoF ¥4 JBik 38 %9 e 107 AL 5 B R AR
. SRR SRRV M L TSP
J W7 R 45 18 5 AH 56 o 2 R R 2 AR W IR P i A 4
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P 3T 1) A 4 R BT, AL ) AE R A A A T Bl
ATFASERACH P R IR R 42 7= A 1
WA YA — &MY IEREN, S0
AR R I SRR N /B L S T
Pseudomonas sp. Z9 {Z 445, L-KIRZ R 1) & ik
W B, X5 RS U AR % VIR G
Fi% S R 2 SR O R B LTI, e 2 R A %
b, TR 1 2 M A AL i b o 2 T
Z Ut — L E AR, RAHANIREAR
Wi, AR Gao AN Cai K
IR i B TROULA B 0 40 72 g = 8 D DR i A R
Rt Bl e T, BAREE T
ik, FHEBEARESWZHE, XA
Pseudomonas sp. Z9 {7 44 H 4 7 A A BE A5, i
AN AR CHEY Tz —

A 5T 45 R R B B4k 9 Pseudomonas sp.
29 R e 2= AU A A T R AR, A
P Pseudomonas sp. Z9 1= 4451 1) 73 AL 24
T A
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