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) A B A S AR B ACI™ B RO SR R BT 5T b L T O AR W O TR B T EIAR A

KA B % (GC-MS)

XA R AL B AR AT Bl D TR R AT A SO TS S 5 LA () B SR I 8] B IR BRI A TR A 2R Ak 5 R xR 4
HO R IR 32 B R B 2 O L MEE MR 63 BRI ™ . X O R R B 9 AU A SR ST R A T S

KEW ORI R e i Ak
FESES S132 XERFRER A

INFE R R R BN RAT R . 2R
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SRS AR A BIE S R A T A SR L AR
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1.1 XE5iKH

GCMS-QP2010 < A 8 %7 % X ( Aoc-20i
H R R (% A A S (Rxi-5ms, 30 m X 0. 25
mm X 0. 25 pm, & HEA A, SOH-72E & ik 53 i
T 48 (Smart lab 24 7)), Sep-Pak C18 & #H#< Bt
##(6 mL 500 mg, Waters 2 &), GY-DCY-24S
RIKAL G I 7K L 747 BRZA R . Vortex-Genie2 iy
Ji€ 5% 3% #% (Scientific Industries 28 A]). 0. 45 pm
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A ASUBTIETTR (GC-MS) K6 I 7R 45 9 70 T A 365 418 8023 B © 445 .

Merck A A & Al (% 46, Sigma 2y 7)) H A iR
FEE) Ry [ b Al R L 0T R TR Al 4E T
AHIRAF,
1.2 HH

A T B B A= 8 PH-1 B bR 1 74 Jb AR bk
B KAV 8 R S 00 AR

MM 55355 NaNO, (2 g) . KH,PO, (1 g).
KCl (0.5 g) .MgSO, « 7H,O (0.5 g) KM (30
g)FeSO, « 7TH,0 (10 mg) FE (15 @), MKE
AL pH K 5.6,121 °C, KK 15 min;
CM i3k AR (10 @ BRI (1 9.
RERRER I (1 @) VK (2 g) . NaNO; (6 g)
MgSO, + 7H,0(1.023 g) \KH,PO, (1.5 g) . KCl
(0.5 @) Bg(15 @ mKEAZE 1 L, J#4% pH
6.5,121 °C . KK 15 min,
1.3 HmAEHE
1.3.1 W2#mRGHE&E K80 CHRAAMAS
P 1 BT AR AL PH-1 R BR IS AL T/ |, 25 °C 85
I 4 BRI I EAR 1 em FTHLARAT LA 20 5 bF L 32
Fh 5 A HPET 50 mL WA B % L, 25 °C 150
r/min 5 3% 10 d; IT 45 3] /%) o 22 B3 T B U8 A0 A 8
It HITC TR K o Bk T, BT K 4008 7 43 WK
G SR G T KA R, in A& T 78 40 S
HREER% 2 50 mL BOE R TR & T RO, T
P A R A B TR 2R
1.3.2 KM =Hmehde B FREL 30 mg T )5 &
22 FEOEN LA 6 mL B EEHE U L 76 18 E AL
£ 1400 r/min BIZU#HE 10 min, B3 4 W) IK
B BUN R B0 10 min, 58 1 mlL -
HT 2 mL B8P AU AR T, 15
B T 22 AU W RE
1.3.3 #rAafeaz HEATA L. 3. 2757
AR = W RE 5 A 200 L NaOH (1%, 0. 1
g/mL) 200 pl HYEE/0 BE IR A % W (R L
5:1).20 pL EHBRHEE(MCF) ,E % 1 min; il
A 800 L €838 4l G f5 . b T i B A 400
pL NaHCO, (50 mmol/L.4. 2 g/L). | F I ZI#
BLERTEBEKRTHMN 1.5 mL 0% d;mA
Na,SO, T#, %% 5 min ##% 500~700 pL T
GC-MS #EHE, RF

REBEATA AL B 1. 3. 27 AR = M ke & oh
HA 100 pL B9 1 mol/L HCIL, I Z4i% i€ 10 min,
ERE Y S B 50 CHEE 1 h, Ik
+.0m A 50 pL TMS & % 16 i 5 ( TMSI :

TMCS=100 : D& Z4P55E 10 min, CRUEE N T A
YIRS TMS F84r 8. 37 CHEE 1 h, A 800
pL Al o B BRI 800 pL 4K I F 5%
T, # 10 min H 250 )2, B 500~700
pL LT GC-MS BERE
1.4 GC-MS #&il 7%
1.4.1 WEAFTAALSIHFFE S He,0.9
mL/min; &5 #E 3 mL/min, JE J7:49. 3 kPa,

THRFEF AR 60 °C (5 min) . f£4F 2 min, DI
8 °C/min JHREZ 180 CA#4F 5 min, YA 40 °C/min
FHEZE 220 CH 4+ 5 min, L 40 °C/min FFEE
240°CARHF 12. 5 min; HEFE IR 260 °C 5 A2
PERE s HERERE 1 pl,

it %% i MR 70 eV. EI B30, 43 1R
260 C; B FIIRE 260°C; KM S E 1.0 kV;
R ORI E] 3 min; SIS 35~550 m /=,
1.4, 2 HEERIFAEAKS W FE  BA He,
1 mL/min; ¥R % 3 mL/min, JE /7:80. 8 kPa,
e 5.0,

FHRFERF AR 120 °C (5 min) ,/£%% 5 min,
LI 4 °C/min THRE 300 CARF 15 min; JEFE LR
JE 260 CiiFkeER 1 pl,

Btk % i R 70 eV, ET B, 4 1R
275 Cs B IR EE 200 C Ml #F M & 1.0 kV;
HEFNYIRIRTE] 3 min; H#TEHE 35~550 m /=2,
14,3 #agszm fii 5 E SO 605 B B H
XA NIST08 Fl NIST08s P AN i I Xf 45 5 7
AR &, XA LB 70% BL b A AR 5 7= 9 itk 47
8k,

2 HBREAMN

2.1 FLBEFEHEREF=YHEIE

AR FE 5 d.10 d.15 d.20 d #1125 d 5
A B[] B ) W AR 7R PH-1 B AR R AT 0, 0R 8 8%
FRI ) AR = 4 5w, 42 TMS fin 4k 5 1)
S5 RIREFE 10 d S A 22 AR W B e 4y
KHB Y =PI AE BB T O L 4 ) (e v O
R = 0 Hr, A5 SRR 1, A 2 MR EE
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Fig. 1 Total ion chromatogram(TIC) plot of PH-1 cultured in different time with TMS derivatization
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Fig. 2 Total ion chromatogram(TIC) plot of MM medium and CM medium with TMS derivatization
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Fig. 3

Total ions chromatogram of PH-1 metabolites with MCF derivatization by GC/MS
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®1 MCFTENTFERRERABH~WE GC/MS F T4 R
Table 1 Result of PH-1 metabolites with MCF derivatization by GC/MS
S henai L e
number time compound fame area
1 9.92 N-J2 3-L-T4 4 IR Carboxy-L-alanine 0. 28
2 11.71 2,4~ R T 2,4-Dimethyl-Benzaldehyde 2.96
3 12. 42 N-#2 56- -4 e C R Hexyl(methoxycarbonyl) valinate 0.10
4 12. 50 5-H JE + P e 5-Methyl-Tetradecane 0.31
5 12. 80 1IE+-bk n-Heptadecane 0.59
6 13. 65 4,6- " H A Tk 4,6-Dimethyl-Dodecane 0.31
7 13. 89 N-FR HE-L-22 A R Carboxy-L-Leucine 0.32
8 13.99 2- 2 HE R T e 2-Hydroxypentanediamide 0.17
9 14.15 N-FRIE-L-F w2 Carboxy-L-Isoleucine 0.14
10 14. 94 IE -+ e n-Tetradecane 0.19
11 16. 60 EZ % n-Heneicosane 1.91
12 16. 89 2,4-ZRUT MK By 2, 4-Di-tert-butyl-Phenol 5.47
13 16. 98 2, 6- ORUT X H Butylated Hydroxytoluene 1.18
14 18.23 -\ s Octadecene 0.15
15 20. 86 IE =tk n-Eicosane 1.77
16 21.19 + 1 g 1R Tetradecanoic acid 1.14
17 24,25 N b 6 75 iz 4-Morpholinepropanamine 0.61
18 24.53 ih iz 9-Hexadecenoic acid 0.41
19 24. 86 e 1R Hexadecanoic acid 21.19
20 25.57 GBI PR — T Mg Dibutyl phthalate 4.98
21 28.08 i R Linoleic acid 17.88
22 28. 20 SR Elaidic acid 20. 62
23 28.59 i ik 12 Stearic acid 13.28
24 29. 30 =k Dotriacontane 0.93
25 29. 46 =+ Tetratriacontane 1.24
26 33.88 O (2- ) TR Adipic acid, bis(2-ethylhexyl) ester 1.87
812500 000 rc
510000000 ‘ ‘ ‘
g 7500000
< 500000 J B
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Bt 18]/ min Time
E4 TMISTTEUFERREFRBE W GC/MS ST EE FiRE
Fig.4 Total ions chromatogram of PH-1 metabolites with TMS derivatization by GC/MS
R . AR AT R R Ol T AR IR ME . A A AR
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KRR H (Fusarium graminearum) J& /)
IR B — AL A BOR A, BB R BUNE 7 A
m R E R R AR ENERT R AN

3 M T BUT 58 /1N 22 2% B o AR A% Bl 00 T ) A AR
B SR 19 3 25 28 AR R L T — 25 T MR
T ML, re 28 52 /N2 AR B o IO BT 4

UM T TS I (GC-MS) J2 AR 3 45 804y
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Table 2 Result of PH-1 metabolites with TMS derivatization by GC/MS
S henai L e
number time compound fame area
1 5.51 3-32 ik e Pyridin-3-ol 0.75
2 6.20 3. 4-T SR e 3,4-Dimethoxyphenylthylamine 0.13
3 6. 35 H Glycerol 2.31
4 7.10 3-FRAE A ke Dodecan-3-ol 0.10
5 13.59 1.2,3,4- T PUREE, 5 BE ) 55 (2R,3S)-Butane-1,2, 3, 4-tetraol 0.51
6 14.15 2.,6- T RUT HE R Trimethyl(2,6-di-tert-butylphenoxy 0.45
7 17.15 D-F[Ri AR v P B D-Arabinonic acid-y-lactone 0.09
8 18.27 o DB 3 4T DI g a-D-Arabinopyranose 0.03
9 19. 34 T e SR pE Levoglucosan 0.14
10 19. 68 d-C) - B R AT d-(+)-Arabitol 0. 29
11 20. 08 AN Xylitol 13.98
12 20. 21 1= -Baf o A I-(-)-Arabitol 0.18
13 22.43 D- 3 4 D-Fructose 2.64
14 22.65 [IERIE R Arabinofuranose 3. 64
15 22.74 IS Sorbose 8.09
16 22.55 B*D*%ﬂﬁqﬂé—?uﬁ B-D-Galactofuranose 0.25
17 23.91 a-D- M IR > FL a. -D-Galactopyranose 0.15
18 24.75 B-D- g 2 LA B-D-Galactopyranose 12. 89
19 25.08 D-AHE D-Xylose 1.09
20 25.37 D-2ZL bk D-Galactose 0. 25
21 25.79 D-1l 5L D-Glucitol 13. 34
22 27.17 D-7% % bt D-Glucos 13.56
23 29. 66 o N Myo-Inosito 0.79
24 31.70 RIATHA Linoleic acid 0.23
25 31.83 J2 2-9-+ i iR trans-9-Octadecenoic acid 0. 38
26 32.42 1 g 12 Stearic acid 0.14
27 34.70 2-O-TN = E-a-D-2F 2L bk 2-0-Glycerol-a-D-galactopyranoside 0.41
28 36. 25 K Talose 0.17
29 40. 37 o DM TR ] 24 B 2 -D- S a-D-glucopyranosyl-D-Fructose 0.43
30 40. 92 L. i3 D-Turanose 0.32
31 41.23 B-D-2f= 7| B 3k-D-74 %5 b B-D-Galactopyranosyl D-Glucose 3.58
32 42.63 EX 2 Maltose 3.29
33 42.95 gy Melibiose 0.51
34 43.73 B-D- 5 M Fik- o= D- Mt I 4 265 W 4 B-D-Fructofuranosyl-a-D-Glucopyranoside 9.94
35 46.12 FLpE Lactose 1. 61
36 16. 83 3*()*671}”)@1%* LB, 4-O-B-D-M A A ( 3*()fovaManr}opyranosylﬂlf()*B*nglucof 1.76
: T 1 R pyranosyl-D-glucitol :
37 51.46 7 i [ Ergosterol 1.58
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BT 8 F T B SR 06 R 23 i 00 B 1 AR 4 4%
BT i R A HRE . AR T AR A R T B A
Yy 4 53 B D ok O e A 7 W 22 BE AR B B 3%
ZA . 2B 10 d AT CM B 33 3 Ry 7= ) 2 RE AL Y 85
Fi S, HE— 2L XN 5 AR AR 7=, R 2
PR A4 T 5, 4 0 o A T AR S . b &R
HA TR FH i (MLCT) AR Ol 1k 56 Ak 350 A7 A= Ak R T
LT — HAS AR E , e IR B AT A A LR | i
IR 2 LU R 2 M 2R ) L 38 i MCF
AL RIT 26 FACH ™9, Hrh & KR AEY
JiA 6 Fh, Bl ey mT o A, BRI RR 2 I 7
Fir, oA RSS2 4 b, RESEIL (TMS) 2 3 L
AT A AT R AT 2R A= ) B ) il & Al
A ARG AT R AT UM 3 A B I R A SRR
B TRE & ] o TMS fii e & BT 37
Fi A ™ Wy, e OB B S W T 29 B, B s 1R A T
) 3 Fp, HoAlh 22 f WIBE2E 5 Bl LA 2 R R
o7, KRB MCF A7 A= A w] A i i) b 2 A 2 3k
PR ot s Js R i I R S 4%, i TMIS it AR 4k 2 22
R 7oA R, A AT . MR R DL L 2 R AT
Az AL AL B 1 F8 SRS 25 5 T LA R RS ) 5
I W7 R 2 0 R R A4k T 1R A R AR L
b B L R 25 I e e A I B 3 AN L
25 AR AR ™ .

AR ISR 2 AN [ A AR Ak i L 6k R A Bk
T1 A B BT AR R B RRAE S AT T AR R Boar A 4
N 63 BRI ™ W, 5T 6 43 B0 1 R B RE 2R
JOT R R 17 R S 0 I3 5 L 3 T AN ) A B 5% B 1] R %
I HE X AR A Sl T AR W s e, & B 10 d Y
Bi IR R 7= 9 d o 4, 18 BRSO I A 0 4y
BT 5 35 95 HE 008 FR R T A — 2 RS2 e, R
FE M FRIERE FR 0 2 R A
i g DL AR ST R AR A R T R R A R AR I AL 2 5T
P S %, b o R A SR T B BOR HLER B 5T R I
WA

£ %ZH Reference:
[1] AUDENAERT K, VANHEULE A, HOFTE M,et al. De-

oxynivalenol:a major player in the multifaceted response of

2]

[3]

[4]

[5]

L6]

L7]

L8]

9]

[10]

[11]

Fusarium to its environment[]J]. Toxins,2014,6(1) :1-19.
Wy DA, R /N R R LA (M. AR
DU 1 K 2 AL L 2002 :40-50.
YU ZH,MA Q X,WANG CH ]J. Wheat Diseases and Insect
Pests and Their Control [ M]. Chengdu: Sichuan University
Press,2002:40-50.
JIANG C,CAO S,WANG Z,et al. An expanded subfamily
of G-protein-coupled receptor genes in Fusarium gra-
minearum required for wheat infection[ J]. Nature Microbi-
ology+2019,4:1582-1591.
STARKEY D E,WARD T J,AOKI T,et al. Global molec-
ular surveillance reveals novel Fusarium head blight species
and trichothecene toxin diversity[ J]. Fungal Genetics and
Biology »2007.,44(11) : 1191-1204.
NICHOLSON J K, CONNELLY J, LINDON J C,et al.
Metabonomics: a platform for studying drug toxicity and
gene function [ J ]. Nature Reviews Drug Discovery .
2002,1(2):153-161.
AR VRSO, £ BR L AR AR A S BT 5 B R B R
[0 A=Y @ER . 2011(12) :57-64.
ZHAO W W,XU W T, WANG Y, et al. Techniques for
metabolomics and its application[ J]. Biotechnology Bulle-
tin ,2011(12) :57-64.
FIEHN O. Metabolomics-the link between genotypes and
phenotypes[ J]. Plant Molecular Biology ,2002,48(1/2):
155-171.
SON S Y,KIM NK, LEE S, ez al. Metabolite fingerprint-
ing,pathway analyses,and bioactivity correlations for plant
species belonging to the Cornaceae,Fabaceae,and Rosaceae
families[J]. Plant Cell Reports 2016,35(9):1917-1931.
ZHANG ] L,CUI M, HE Y.,et al. Chemical fingerprint and
metabolic fingerprint analysis of Danshen injection by
HPLC-UV and HPLC-MS methods[J]. Journal of Phar-
maceutical and Biomedical Analysis, 2005, 36 (5):1029-
1035.
VFERE A . ARl X Tk R LT ], 6%, 2003,
21(4):316-320.
XU G W, YANG ]. Recent Advances in Metabonomics
[J]. Chinese Jounral of Chromatography 2003,21(4):
316-320.
MOHLER R E, DOMBEK K M, HOGGARD ] C,et al.
Comprehensive two-dimensional gas chromatography
time- of-flight mass spectrometry analysis of metabolites
in fermenting and respiring yeast cells[ J]. Analytical Bio-

chemistry ,2006,78(8) :2700-2709.



« 450 wodb & Mk % R 29 &

Metabolite Fingerprinting Analysis of Fusarium graminearum
by Gas Chromatography-Mass Spectrometry (GC-MS)

XIANG Ping and TANG Zhe

(College of Plant Protection, Northwest A&.F University, Yangling Shaanxi 712100, China)

Abstract Metabolic fingerprint analysis is an important analytical method for metabolomics research,
it is widely used in various animal and plant organisms for exploration of non-target metabolites, but it
is rarely reported to be used in fungi. In this paper,a metabolic fingerprint analytical method for fungi
was established by using gas chromatography-mass spectrometry(GC-MS) through analyzing the fin-
gerprints of the derivatized Fusarium graminearum samples. The culture periods, culture environ-
ment and derivatization methods in kinds of metabolites were initially screened. Under the optimal
condition with the most numbers of metabolites, 63 metabolites were identified. This study provides
an effective analytical method for the metabolomics study of fungi.

Key words Fusarium graminearum ; GC/MS; Metabolite; Derivatization
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