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Abstract

Matrix-assisted laser desorption/ionization mass spectrometry
(MALDI-MS) has been frequently used in the analysis of biomolecules owing
to the advantages of high sensitivity, wide mass range, and ease-of-use.
MALDI-MS can be uéed directly to characterize microorganisms based on the
biomarker ions and the fingerprint pattern observed in the mass spectra
obtained from different microorganism strains. In particularly, the high
reproducibility and simplicity of the MALDI mass spectra of fungal spores
can be employed to the characterization of different strains of fungi.

Both of Penicillium and Aspérgillus species frequently contaminate
grains and fruits. In this project, we employed MALDI-MS to characterize
fungal spores in fungus-contaminated food. In order to achieve this object
for rapid identifying contaminated spore-species, a MALDI mass spectral
database, which contains biomarker ions representing for different
Penicillium and Aspergillus species of spores, was established. The mass
spectra of these species were directly obtained from the intact spores without
exftra treatment. Furthermore, the results show that 2,5- DHB was the most
suited matrix for the analysis of fungal species. We have successfully
established a mass spectral database containing 11 different species of spores
from Penicillium and Aspergillus.

The method proposed herein is very straightforward and only requires a
short analysis time. Owing to the high reproducibility of the characteristic
ions obtained from the MALDI mass spectra of fungal spores, these
characteristic ions can be used to differentiate different species. We also
demonstrated that this approach was suitable to be applied directly in
identifying the fungal species from rotted citrus fruits.

Keywords: MALDI-MS, spores, Penicillium, Aspergillus
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desorption/ionization (MALDI ) mass spectrometry) & 1985 % Karas &
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S EELE DadhiZad AR " RET M ECLIFOELF & - £
1994 % Cain % A3#2 458 MALDI-MS 4 » * BRI @E L
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H7e-Fi# T MALDI H3 B &8 b2 b ) B A B FFOH AL
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— 3 HEmELH
#2 Potato dextrose broth (9.6 %) #1 Agar (6.0 3%,)/e A400 mL =R K F >

BREAEK 121ICCTHEREHA PRAAT 74 LRAES T EDE
e TFTaisdingitmy 4?4)\2?;&%-’4}?-&)&&@ B3 HEmHE
2B B ENESBRTREZ o4 ALRE - oA BHL4ER R EE
s om oUB R HHFRAEN 4°CKA -
=~ BfER |

HAHME SRR AT LEATEN BAERFAAE T - BEHE
R BRI A > A A E B RE EAN0°C R
A BRE-FARBERT 0 RBRBALBREERSY o Hgn
BB ZRELE  BPTEEHYS  KEF ARG TF#ITMALDI-TOF 4
#7 o
AFBAAEIHAREHRANE  AEEREELT -
Penicillium brevicompactum
CCRC 32024

IFO 5751

IFO 5884

Penicillium chrysogenum (3R N+RABKRATEL FRE)
CCRC 30298

ATCC 7813 (4)

ATCC 10002 (+)

ATCC 10106

ATCC 11625 (+)

Penicillium citrinum

CCRC 32029



ATCC 14994

NRRL 24977
Penicillium digitatum
CCRC 30820

CCRC 32028

CCRC 32577

CCRC 32578
Penicillium expansum
CCRC 32045

ATCC 1117

ATCC 7861
Penicillium italicum
CCRC 32575

CCRC 32630

CCRC 35176

ATCC 48114
Penicillium pinophilium
CCRC 32376

CCRC 32388

CCRC 32616

CCRC 32622

ATCC 9644
Aspergillus awamori FERR+HREZZH BT ELRBFE A)
ATCC 14333

ATCC 14335

IFO 6082 (+)
Aspergillus ochraceus
ATCC 1008



ATCC 12066

ATCC 22947 (+)

Aspergillus sulphureus

ATCC 11904

ATCC 18413 (+)

Aspergillus niger

ATCC 6275

ATCC 9642

NRRL 6411

(CCRC : The Culture Collection and Research Center » Taiwan)

(ATCC : American Type Culture Collection » U.S.A.)
(NRRL : Northern Regional Research Center » U.S.A)
(IFO : Institute for Fermentation * Japan)
= ~ MALDI-TOF ##¢

MALDI-TOF(Bruker Biflex If) % s§4& & B & — R W& &4 337nm
B EIKE TS 0 & 125 ARORATHREE » LA — TR EHE 384 48
o stk Rt -

Moo WAF BT
(1) BARETAyHHRGEHZLEBEVEREINMIER TUARMET
REAARAE > ERATENREALER - oA HHE > A AE
BEAS SV HERTFZRAETRALED - 8% 4 A Sinapinic acid (SA)
% 2,5-Dihydroxybenzoic acid (DHB) % 5 i 4 F§ & 47 fo-F 89 MALDI&
B oo 48K H ER Acetontrile © 0.1%TFA/H,0=2 ¢ 1 (v/v) (TFA: = R B 8%
(Trifluoroacetic acid)) & & ¥ » B H AR E30 mg/mLZ 8% -
(2) wtipB|Bie i bagteF o B3 UL R H iR Ftip L2 e ik
F o Bpbl pLég A HAMALDI &4 b FEEAABES AL S
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W §EARMFETOND (Apergillus) B E > BV Ak R
DR SAFRMALBE B TERERE— R CEEH TR LT
AW RAETREE > BT BPRAMEERNETFEMIWRR
F 4 MALDI £ 4 4 SA & 2,5-DHB » mBREAH 58RI A A
acetonitrile : 0.1%TFA=2 : 1 - Bt AREAMFIZ T HEH R EHLTR
BB ZER -

B — %8 +& A 4 P expansum, P. chrysogenum,P. citrnium, P

digitatum, P. pinophilum, P. italicum, P. brevicompactum, A. awamori, A.

sulphureus, A. niger, A. ochraceus Z MALDI % # [, 3% A8 R7eF
AUREAF2ER MR- RBFXOEGRBRAELE EHRTXZ
MALDI %38 » £ B#% ¢ AR BT EIETRM - KRR %
FMEERERESERETHOHEUETE ¥k = FARRAENR
FHALAREAMZHBHUETE -

B A— S RAAEIHERATTUAETREET TN
{55 o LAV R FIFBE MG - MER SR EFREL K
B dARBRRBRAR TR R p ARABZIAT HAEIRIL
MALDI % % #47 MALDI-MS %47 © B + = & 75 #4446 272 F 4 MALDI
Bl - @+ — (a) HRZ X R8T 5 B4 m/z2981 ~ 4988 ~ 7292 >
+= (a) BlAFEBE—FHE RGBSR ER X FHEE > Bkt
m/z 2981 ~ 4988 ~ 7292 &, HIR THEF £ - bR KB —ZB+— 7T
LA4S ko iE S aF L BR-T £ 3 A P citrinum Z XA BET B LT P R 5 F M
Z.38F % P citrinum» ¥ B & BMENET PAEESERE—F THER
P citrinum thE R 5 MG AKRGABZ — A A ABREMTRA T
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2z MALDI 38 - F#ife m/z2600 & 5211 9 B se T % - $B A=
BB —ZE+— T E SR ERA P digitatum - E &K — &5 8
B3 P digitatum 9 E R MBEB AR KA LFRZF Kz — -
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MALDI % # B 932 3 » 2832 h ERAFF Adx AT % - £47
ARG R R BN TR LA E A
s RFBOMRABREELFTRARRGEAMMETHFTRE
XMEE PREE—FREAFTZFHERALE  ATERIE LB
FMEHE A o L RGHBEANETREGRIE T £F
iz R LA RSB R

14



$4FH

1.

Karas M, Bachmann D, Hillenkamp, F. (1985) Influence of the
Wavelength in High-irradiance Ultraviolet Laser Desorption Mass
Spectrometry of Organic Molecules. Anal. Chem. 1985;57:2935-2939,

. Karas M; Hillenkamp F. Laser Desorption Ionization of Proteins with

Molecular Masses Exceeding 10,000 Daltons. Anal. Chem.
1988;60:2299-2301.

. Cain TC, Lubman DM, Weber WIJ. Rapid Commun. Mass Spectrom.

1994,8:1026-1030.

. Welham K.J.; Domin MA; Johnson K; Jones K; Ashton DS. Rapid

Commun. Mass Spectrom. 2000;14:307-310.

. Li T-Y; Liu B-H; Chen Y-C. Rapid Commun. Mass Spectrom. 2000;14:

2393-2400.

6. Amiri-Eiasi B; Fenselau C. Anal. Chem. 2001;73:5228-5231.

7,

The information was obtained from

http://helios.bto.ed.ac.uk/bto/microbes/penicill.htm

15



- FRARRBZAE

AR

5 R

P. citrinum
P. italicum
P. chrysogenum
P. digitatum
P, brevicompactum
P. expansum
P. pinophilium
A. ochraceus
A. awamori
A. sulphureus

A. niger

ER - AREAAR
e~ MAREAKRE
8

MG HA KR
AT

AR

sk ~ i

ok ~ B

vk ~ B

B~ FBM

16



o FRARMEZ 4 HAFERT

HAEL AR £ MR WEET HiELE 4 A R T

dtalicum P. expansum

CRC 32575 2662,2994,4850,5253,7172, | CCRC 32045 2662,2880,3267,4823,5676,
7494 7242

CRC 32630 2994,4736,4872,5222,7156, | ATCC 1117 2662,2994,3991,4353
7494 ATCC 7361 2662,2994,3991,4353

CRC 35176 2181,2354,2994,6715,7494

TCC 48114 2994,5210,8068

 citrinum A. niger

'CRC 32029 2981,4988,6795,7294,7825 [6411 2561,6246,6545,7202

TCC 14994 2981,4988,6795,7294,7825 |9642 3183,6362,6705

IRRL 24977 2981,4988,6795,7294,7825 16275 6090,6362

) digitatum A. sulphureus

"CRC 30820 2600,5211,7378 ATCC 11904 3037,3632,4524,4729,

“CRC 32028 2600,5211,7378 5138,5680,5771

“CRC 32577 2600,5211 ATCC 18413 % 3885,5454,5556

"CRC 32578 2600,5211,7378

2 chrysogenum A. awamori

“CRC 30298 3140,3839,4314,5173 ATCC 14333 6090,6362,6433,7144

\T'CC 7813 (+) | 3140,4933,5173,5342, ATCC 14335 6090,6362,6433,7144
6061,8192 IFO 6082 6090,6362,6433,7144

\TCC 10002 (+) | 3140,4033,5173,6245

\TCC 10106 3140,5112,6245

\TCC 11625 (+) | 3140,3839,4890,5173

2brevicompact- A. ochraceus

im ATCC 22947 * 3938,4462,5569,6024

“CRC 32024 2592,2953,3840,4821,6661 | ATCC 12066 2978,4030,4945,5390,

FO 5751 2953,3914,4878,6563,7707 5529,5660,6007,6788,8583

FO 5884 2225,2285,2953,3509, ATCC 1008 4452 .5552,6023

7515,7707

% M AT B BR YA L #MEE A (Ochratoxin A)
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SEU 3140 CCRC 30298 {a)
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_l JI. L j.: l JA‘ J
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3140
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5
'-c 2000 -
5 |
< 1000 — Slf
. 3140 ATCC 7813 (d)
5173
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3140
seo0 — 4890 ATCC 11625 (¢)
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1090 -1 38 9
TR T f; - .
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] . R & i
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| 2600
5211
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vers o ATCC 9644 (a)
3024
. 4495
1757 3263
| 2607 J l <03
- ™ " 1 'J " . ,
teee CCRC 32376 (b)
6441
- 049 e
IL *
veer S | CCRC 32622 (c)
eoe 4495
L ]
o 1800 -—
g ]
"O 1000 —
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< . T Lo = “11.3}76 L‘.IJ il X
pese o CCRC 32388 (d)
] 4479
190 -1 2813
1 m
4059
. a7 CCRC 32616 (c)
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s T 'L‘ = A l] " . ;_.JL Y L X
m/z
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ATCC 48114 (a)

zooo 2994
- 5210 - c06
° . . L 1 .
CCRC 32575 (b)
e 2994
coo 4750 5253 7494
o 7172
(&)
g o. . R . I 1 __J . Ly 1 '_|. e '
"g 2000 4000 4000 s 000 100600
2] CCRC 32630 (c)
e 2994
roos 4872
voo 4736 | 5222 7494
| \ l 7156;’
Lhdd l.J lll._ " 441 . , n e . N
CCRC 35176 (d)
‘00 2994
u L )

X ~w#k P italicum (a) ATCC 48114 (b) CCRC 32575 (c) CCRC 32630 (d)

m/z

CCRC 35176 # 7] 32 #& &) MALDI % # &
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20007 IFO 5884 (a)
1500
2225
1000 o 2285
2953 7515
7707
500 7 3509
) L - L I TP | " " vt Ak tipapedbin
ZU.DD 40'00 T BD[DD BD.DD 100.00
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1500 =
L
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F§1000—
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< 500 1
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2000 4000 8000 8000 10000
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2000 —
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X El 46y MALDI g #E
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