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1.1 EHMER

IR 7118 5 Bb13.Bb36.Bb202. Bh398 . Bb538 .
Bb1898 1 Bb1448 >k H 2 BN K% AL W B v
TSI A . Bk B PP (E SDAY BE 3R 5L (A
% B 40 g/ L, & 1 iR 10 g/L, B B ¥y 10 ¢/L, B IR
20 g/L) |,25°C 153715 d, B 0. 03% nk i 80 wh vk i
W 1 B A KB IR R o 0k S T O R 2
2 x 10° spores /mL, B{200 WL %) ¥ A 75 4 A7 Ik 385 4%
1) SDAY ¥5 753 |,25C #55¢15 d.
1.2 FZEMNHFFKF

15 0 I B 4 AT A (Agilent 6210 Time of
Flight LC/MS) , 4% Agilent1100 55 % W AH {4 3%

(HPLC) , M4 B AT I 2% (DAD) , & AT B ) o %
1 (TOF) A1 ey gt 55 88 -7 Y5 (ESI) , W F 3& [ Agilent
oy Al o M B i fE Agilent Eclipse XDB-C18
(5 pm, 2.1 mm x 150 mm) , i F & EH Agilent 23w ;
HL 7 RS- (AN0635) 5 W - B REA KGR 27 A3
wl; FreeZonel2 ¥ VR T M R 48, W T B %
Labonconco 2y 7] ;2K-5 8 % 0 HL, W F Sigma 2>
w) s KQS 200DE 4 £y 4 8 5 v e A, W T Bl
AR A A F] o ol all HEE R &I S e T 36 [
Tedia 22 7)o A3 al R, 14 T Agilent 24 ] o
1.3 #EFEMIR

1 x10° spores/mL ffi ¥ B W I 10uL W EIR A
SDAY B B8 3 v 1, 25°C K5 9714 h)m, 6 3% 8
A B T 400 x L&, KEHL 3 AR, R K
= 1 HAR I W, BB RR 3 AL
1.4 FhHMi

3B 4 R 520 mLfK) 1 x 107 spores/
mL ] F & E 0. 03% il 80 (X f) 3 s i » TN %2
A7 R — R PERR T, 20 A ) 11, 78 25°C, A0
JE >90% (1) 31 855 1 1 5214 d, B g 24 h 5T e
RPN BAMREKRIAEL, HAEL
10 K
1.5 #tEmabE

PR EEFR15 dJ5 B 1 7 NS0 mLEG O I
20 mL 0. 03% I3 80 ¥4 JiE3 min, 220 wmE A i JE
50 mLES.L A, FF H 20 mLZE 1 7K i vk w1 22, 1 22
FENS mLEG O E S TN WA % VR B S - 80°C £}
o T HEW 5700 x g & .0010 min, 2 mLZ#1E K
P DT iR BE ST BUF 2 N5 mL 3.0, 5600 x g B0
10 min, f ¥ JT3E -80°C LR ff- AR S NEE.
P22 N7 VR 48 hJ5 F B 22 K o B Bk 23 0l R R
10 mg¥ + 1) B 22 F L7 & N2 mL 80% F i i
Jig30 s, B A P2 B L h J5 4°C # E 10 he $2 I
5600 x g 2010 min, 1.8 mL L&, 2K % T
M, H - 80°C fi . HPLC-MS 4% #7 i A 300 pL
90% W 2 IF40. 22 pm g JE .
1.6 HPLC-MS 4 #f

o3l 5% A EFE AR RS pL, A W 40°C, Uit M
0.3 mL/min, B H: A =0. 1% H R [K1 /KW, B =
0.1% W& 1) & M, vE i 2 7 0 =5 min, 5% B;
5-50 min,5% -100% B;50 —60 min,100% B. )i
o G B e S W R W K (e e - R i3
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350°C, Z I 12 L/min, 55 46 K35 psi, B41E
L4000 V, R 215V, HESLHLER60 V, i RER
£ 50 - 1000 Da.
1.7 HURLIBING TS0

LT, v 5 K& Wi e & M7 ) 70 Bt i) One-way
ANVOA F post hoc analysis (Tukey LSD) fi Fi SPSS
19.0(P <0.05) - J5#h LCMS # 32 /] MassHunter
software ( Agilent Technologies, USA) f{] Molecular
Feature Extraction (MFE) & 5 HE4T H 3 ¢ K 1) A0 €4,
it 224 B (deconvolution) , 5 W Lk /N T 5 f) 06 45 4%
LB, FRORE AR RE L RO W R 3 . HdE bR
MetaboAnalyst "™ ™% 3k 4T W 36F 5% Fil 9 e, 5 4t ff 22
0. 01Da, i i) fii 2 0. Smin, 345 HEAT sum kr et &
pareto scaling &b 31 ™ o 1F A% ff fi /N 3 K 5 43 B
(orthogonal projection on latent structures discriminant
analysis, OPLS-DA) 1 f§ SIMCA-P 12.0 (Umetrics,
Umed, Sweden) , t-test £l 20 & fifi [Tl MetaboAnalyst.
1.8 iR 5

AR U 2 AR 4 2 (1) o Masshunter J& F- 4k
R NS Wi il = LN R VA s A 7 A
(73 1 30 A = BB B R JR LT R AR )
E A W 4% %% 3% % ( Dictionary of Natural Products
(DNP) , METLIN %) 48 Z VLS, i 5 ¥ £ 1 AR d 4
(2) RIACH P 10 Jo & 7 Fr &5 METLIN A1 MASSBANK
A TR] FR B A 2R AL &5 K A 5 B
(3) 3t 3o A 400 1) e I > (B ) 5 G 45 g 1 ook
AT UE s (4) A 8 T L3 JU I B Ao iR B AR
) 8 B

2 4R

2.1 EHHIBEAENMETH

Bk A9 1 {8 74 B Bk Bb36.Bb398 FlI Bb1448, 5 I
BB MR T Ok R v B3, K 1-A. Bb36
(3.39+0.45%) - Bb202 (42.28 + 1.70% ) « Bb538
(45.37 £2.06% ) \Bb1898 (83. 13 +2.55% ) -Bb398
(13.84 +3.24% ) \Bh1448 (28.47 +1.75% ) Bh13
(43.54 +1.88% ) o Fr il &l Ak 1) £ 1 & 2690 [ 78
3.39% -83.13% ,Bb202.Bb538.Bb1898 i Bb13 [
HY KRB o BB Bb36 FI Bb1448 ¥ fll 1 Xf 7% &
duiRE g (LTg,) 5 e MR bl 22 5 1B 3% B4 ) i
99,8 1B. Bb36(12.47 +0.08 d) \Bb202 (2.72 +

0.08 d) \Bb538 (2.80 + 0.16 d) . Bb1898 (2.37 +
0.16 d) \Bb398 (2.46 =0.25 d) .Bb1448 ( >14 d) .
Bb13(3.84 +0.07 d) . J7 Il B bk 19 LTy, i [ 4
2.37 d - >14 do Bk % & = 1) # Hk Bb1898 H. A7
f g [ 75 97, Bb1448 ()] K % K Bb398 H L i
J1H B 55 o
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1. AEERE T MERNBFHELE (A) MFEH (B)
Figure 1. Spore germination rate (A) and virulence (B) of seven B.
bassiana isolates under the same condition. ~ P <0.05 on the ANOVA

followed by Turkey’s post hoc test (mean +S.D.) .

2.2 LC-MS gyRigtAZ 24

T ARG 4 20 5% W B K 1 22 e AR FRAT
X T 22 AR 7 1) LC-MS %45 /F 77 OPLS-DA, #5241 #y
FEAF 1 AN UM 4> R4 AN IEAS 4y . T H RPX
RYY Fl Q" #8 KT 0.5, 3% WY H A7 455 w5 A1) e f
AP AL " BJS ) S-plot WM 55 4 41 A 5K 11
WAERRIEY, S plot v w (1) Al p (corr) 23 5] = 10. 05|
FI10.451 3 B £ t—test Jii» P <0.05 [{14C 34 &% &
AR AR E )
2.2.1 HLPHFHHRIEY: K 2A Bkl HE
PRI VAT 22 52 B ) 4% 55 00 1) 22 v K4 2 (1) OPLS-DA score
plot, R*X =0.455, R’Y =0.993, Q® =0.878. i
71 VR R RV B 0 10 1 AR 75 OPLST L3 Wb Hh 43 b w4
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Figure 2. OPLS-DA score plot (A) of high virulence vs. low virulence
strains, and complementary S—plot (B) derived from a LC-MS data set of
mycelia extracts. The number in score plot and S-plot indicates the

strain number and molecular mass of biomarker, respectively.
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= B8 & 2 Bk Bb202. Bb538.Bb1898 F1 Bbl3
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Figure 3. OPLS-DA score plots of high germination vs. low germination strains (A) , high virulence vs. low virulence strains (C) , and complementary

S-plots (B, D) derived from a LC-MS data set of spore extracts. The number in score plots and S—plots indicates the strain number and molecular mass

of biomarker, respectively.
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Rl HABEBETHEARSNWIRCY

Table 1. Biomarkers of germination and virulence of B. bassiana

o i molecular retention detected theoretical mycelia conidia
tentative identity X R . K
formula time /min mass mass virulence germination virulence

histamine CsHy N, 1. 63 111.07991 111.07965 +
2, 3-dimethylmaleate C,H 0, 1.62 144.04235 144.04226 +

2,5 pyrrolidinedicarboxylic acid diamide C,H, N,0, 1.63 157.08527 157.08513 +
carniline ¢, H,,NO, 1.19 161.10492  161. 10519 + +
hercynine (histidine betaine) C,H; N, O, 1.08 197. 11628 197. 11643 +

acetylcarnitine C,H,,NO, 1.28 203. 11556 203.11576 + + +
propionyl-carnitine C,H,NO, 2.01 217.13138 217.13141 + +
butyryl carnitine C,, H, NO, 4.1 231. 14657 231.14706 +
octamethyl-a, a-trehalose C,yH; O, 13.4 454.24117 454.24141 +

arg-arg-gln C,,H,,N,, O, 14.29 458.27242 458.27136 +

PE (18:2/0:0) €, H,NO,P 32,93 477.28479  477.28554 + +
PC(16:1/0:0) C,,HyNO,P  31.89 493.31672 493.31684 +
unkonwn 1 C, Hyy NOg 35.25 497.37033 497.37164 + + +
PC(18:3/0:0) C, H NO,P  31.07 517.31582 517.31684 +
PC(18:2/0:0)) C,,HyNO, P 33.35 519.33192  519.33249 + +

“+ 7 refers to identified biomarkers in mycelia or conidia extracts

phosphotidylcholine.
A BbI3 i e 7 b R MR K 3L T
brid & acetylcarnitine | propionyl-carnitine .
2.3 FELRFHERMEE

BRAL T R 22 Th S 2 R R R RO R
Bk, 1 beauverolides beauvericins il bassianolide ( [&]
4). Bbl3 H fH W& La.
beauverolide B. beauverolide C Fll beauverolide Kao
Bb1448 H 4 5 & & 1) beauverolide La. beauverolide
A .beauverolide B.beauverolide C F/I beauverolide Ka.
Bb1898 & T beauverolide A, L &R & B H W 5o
7 Bb202 . X 10 o BRIk ) & = AR AR . Bb36 &
H p A 4 & ) beauverolide B. beauverolide C Al
Kao. Bb398 H 4 & & K 7 1
beauverolide C f1 beauverolide Ka. Bb538 & f5 v 4%
2 5 1) beauverolide C. H H', beauverolide A H 7F 1%
B Bbl1448 v A4 7 4 &, 1M beauverolide D.
B M
bassianolide H 7E 5 5 /7 1) Bb1898 1 & B & 5. X
S L RARY, A 1RO JUIK R 5 R e IR R PR
X R R R B HAE SR {7 J) 1) Bb1898
O Tl Ik [ I B A A v B I s e AT AT RE R P
A AE -

4 & I beauverolide

beauverolide

beauvericin. beauvericin A. beauvericin

from seven isolates.

Abbreviations: PE, phosphatidylethanolamine; PC,

3 iR

AHIEFE I BRI A T AR A 22 h, SR A
B I ARAC A A N B A B R A5 i, 2 BA IR AR X 5
HATHZEF0 0 o T0 0 40 M0 5T b i IR 07 19 2 s A6 A T
It CoA, R Ji e iz 215 S AL W g A4, o 7 S8 A o i 71
J% LWk CoAs 1372 1 £ I 1A B e i B SR pk v, B e
TR LM CoA 25 =BG o« #iE, i
It CoA 1) PA ik e 3 F 95 Js 20 7 1) B A B T2 Jle A B
iR AT EE W .

m B 51 il T 9, acetylcarnitine F1  butyryl
carnitine 2 B 8¢ w5, 7R E AT AT BE & L1 CoA [ 4if
H Ko A T BT EI S IR IR A A R £ Tk
CoA HEN ZRIRIG I, Wiz e Rk N e & o L Ab,
F0L7 v 1R IR T PR i A v e T A s R A e S R
JEWE CoA, IRME CoA w5 = 8 IR 1 ol A= pl 19 I 12 »
54 B H il # fig (glycerophospholipid) » X 5 & 5 /1
il B s & R BEIR — 80 B A2 i i 4l
BSR4y ] e S B LR T AT 9% . WIE ST R TR
5 TR B A R B BRI I T el T Al e LR
TORE s H AR B B BGOSR T S R
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A A B B A v 2 A K R I B T DT AR AE B A K
[ — 3 BR R REMCH I ARt Ak
(Metarhizium anisopliae) "4 — & 4 MPL 1 {75
i A 5 IR T 0 7K A8 7 0 e e s 2 T A T A 4 R
Jis s 8RR AR DR B A B R 2 I R0 A1 3 O 3 B
%" o 7 % ) bR G L A histamine 1 2, 5-
pyrrolidinedicarboxylic acid Diamide, ‘41T 4E I ALl
vl Jeg R K o

mr W 2R RS m & & Y carnitines
acetylcarnitine FIUR i » 2 W] 5 AQ 3 14 9 v] RE 4 & T
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Identification of spore germination and virulence related
biomarkers from Beauveria bassiana using an LC-MS-
based metabolomic technique

Feifei Luo, Shulin Li, Longyun Chen, Wancun Zhang, Bin Wang, Bo Huang,

. %

Fenglin Hu

Anhui Provincial Key Laboratory of Microbial Control, Anhui Agricultural University, Hefei 230036, Anhui Province,
China

Abstract: [Objective] To identify biomarkers associated with germination and virulence of Beauveria bassiana.

[Methods] Spore germination rate and virulence of seven B. bassiana isolates against Euproctis pseudoconspersa were
determined, and an LC-MS-based metabolomic analysis was applied to identify the biomarkers from mycelia and conidial
extracts associated with spore germination and virulence. [Results] The metabolites of carnitine, hercynine,

acetylcarnitine, o,a-rehalose; Octa-Me, arg-arg—gln, phosphatidylethanolamine (PE (18:2/0:0) ) , phosphotidylcholine
(PC(18:3/0:0)) and PC (18:2/0:0)) were higher in the mycelia of highly virulent isolates than those less virulent
strains. Conidia of isolates with a high germination rate were characterized by containing higher levels of 2, 3-
dimethylmaleate, acetylcarnitine, propionyl-carnitine and PC (18:2/0:0) . Histamine, 2,5-pyrrolidinedicarboxylic acid;

Diamide, carnitine, acetylcarnitine, propionyl-carnitine, butyrylcarnitine, PE (18:2/0:0) , PC(16:1/0:0) and PC (18:

3/0:0) were higher in the conidia of highly virulent isolates. Furthermore, relative content comparison of insecticidal
cyclopeptides, such as beauverolides, beauvericins and bassianolide in mycelia showed that the content of a single peptide
was not highly related to fungal virulence. However, the contents of 9 peptides were found higher in the highly virulent
isolate Bb1898, suggesting that they might exert synergetic effects against insect hosts. [Conclusion] The common
biomarkers related to fungal virulence and germination are acyl carnitine and phospholipid which may play roles in
maintaining appressorium turgor pressure and providing energy for penetrating the host cuticle.

Keywords: Beauveria bassiana, metabolomics, LC-MS, germination, virulence, biomarker
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