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- ZE1 Bond Elut &Y SPE =R RTSMNZEDIRIE, EFMEME
FitNERERDER, BB 40 HEFEAR 30 ZHERERX, #
XZERUSTIIZHE
- RERH ST %S QuECKERS FIREBE—MAFEYNIE, F
BEmEEEMRE, B8, TE

E%{58 . 1&h8) www.agilent.com/chem/sampleprep:cn

B+ EBH#TREST
REAHESEESHEIERATRNSAGER AL EIEHEENERTE,
ppb & ppt RAVRHIR, NHRHSPAE.
- RER JaW BEEHSHES BRI TILRTEESRENR, BR—5
R IE A B AR &
- IRFEATEBE, KECHESBEUHEDRE TR, TESHATE
RS HET B
BEZHXMHR GC BEHRBNELS. Fihm

www.agilent.com/chem/uItramert:cn
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EGIBEN—VENER, #E
RERAEREL SR T LA
R, REANEER

RERIRIE
K% 10 A SN EYASAERGIFL+EARMEAKEHRZK,
SEEARGTIMRERECH RSN ER AR IRF
BIEEHGAIL,

EERA T IFRE

SRRV BRER "BRARSL" MU H I NHER
BT, EIENENMIMERIXZIRANL,
RiE{t OpenLAB

MESMR. M. TEMKESMERNBIERRE FME
K, GEEEHAEERBEECRTIRENER, ZFE
OpenLAB ELN #1 OpenLAB ECM #BENIE. HiTFHLZR
MER, ERESENRRFRPF RS R,
RECHNMERE
ENAZBMEIZAEZED 10 EMNEFERFRIE, HERIN
AN A SRR = &

RERHIRZRE
ERECREMCEER, REGEEXK, RIFKIEHERHN
EREEEYERBERRSE.



{ERALHE® GC/Q-TOF ATk A ER R LY

e

.f'3§1, LI 7200 GC/Q-TOF ZAMNME, REEHREEE M
J..%n HEPREFC S MHRE T R, RiE, TENSITBRFE.

IR B SRR IR A ESTREEEFEEENER. BTITSE
A PR VREKFEE, R ANMEBESHITEERUER T BEEENEE.
EXRMERPREKAFE (Kng/mLE) BUMHEHNEESREEERMOERHE
BREMEABENSZME, 2D GC/MSBRAN., EREINE. SREEMRES
WHIZHER GC/Q-TOF 24, MBI R EMHMRHIET 1D GCARERERIERE.
—HHEER,

3F GC/Q-TOF Aik, REFHMETE LRGN, RIRTHITmME PR R
WA, RERRERENSAWENRIEEEHTEFEERTRTHERLE
PiTIRA 47, 7200 GC/Q-TOF RFE pg M A ER IR, REBERENT
Sppm. ERPRMNENEESE I MER, KMBEXREAT 0,995, 3 ng/mL
Ry 2- M EREEAN 2- ZEAEBMAINER THREMNEH#ITIE, XMREZ MM
B R AR EKE,

B2, RiEML 7200 GC/Q-TOF TN EZXEMERPH L EUHITREKESF, £
SXEBNHERFENIBHE.

FiEHEE Gerstel KK. B Nobuo Ochiai 1 Kikuo Sasamoto A R LZERFHEERAT
#J Ryo Ogasawara # Sofia Aronova #3Z.,

The Mealsure| of Confidence

FEMY:
- S 7200 GC/Q-TOF ASZBWMER T
WM ERSIIRE THRE, HRENERTE

- RGHE REEAEMM R E R MR LTI
MAEEKTRE 1 pg HLHKE

- 24516 7200 23 GC/Q-TOF =M BRI
REREAEZBYERTNEFENTES
LiEr e A=

- BE SN ERREERENLERRERDE
EREEENHEREEEXK




0.554
0.454

2 )L

{ERZRHER GC/Q-TOF S HMIHEZEE R P E R R L

|
Al ”I L\ Wi i* H*.LJJ"'llln Wx;.uru’ m N “

105{ 11
0.95 |
0gs{ |
0.754 |

60 65 70 75 80 85 90 95 100105 11.0 115 12.0 125 13.0 13.5 14.0 145 15.0 155 16.0 16,5 17.0 17.5 18.0
P vs RERTIE (min)

0.65- |
B 1. iHEZERGRAT TIC i (KT YErER)  TAEN TERHEF 1%

2-EMEREE, EIC
10¢ m/z111.9977 = 10 ppm
x10¢ 45ng/mL \\
1.6
1910 g
144 55]  s00ag5 | l
1.39 20 8708
121 18 9:;30::3
114 16 111.9974
104 14 e 9586
094 12 94.0547 |
0.8 103 5090 107.0604
gé 08 9096 |
91 04
|
oad L L, ] (1 ! 1 Ll |
03] 78 8 8 8 8 8 9 92 94 9 98 100 102 104 106 108 110 112 |
0.2 i vs RTETLL (m/2) |
0.1 A
0 e M Al I‘-,_d_,-\ I
45 47 49 51 53 55 57 59 61 63 _65 67 69 71 73 75 77 79 81 83 85
T vs RERTIE (min)
2-ZBEEM, EIC
x10° m/z127.0086 = 10 ppm
22 2 ng/mL \
X109
80.0497
fg é; 10095
1 20
144 16
14
124 12
107 1 g
08 95,0364
0.8 gi T8Is0 9124 126.0675
061 ] 66.0338 99.0135 120.0679)| 10478
0a] "L 7823 R w1 ||
’ 64 68 72 76 80 g4 88 96 100 104 108 112 116 120 124 128 |
0.2 I‘f'ﬁ vs BT (m/2)
(| B S S R o
45 47 49 51 53 55 57 59 6.1 67 69 71 73 75 77 79 81 83 85
11‘%3[ vs *%E‘J‘IETJ (min)

B 2. MRS, TR EKFHIIER 2- B R 2- 2 BtEEM ] EIC FI/ZEE

5 1. 2- IEIY FERI 2. Z BB E M M I E G ) R IR E

FREIRE , ppm
HLIEpg 2- I RS 2- LEREY
1 -3.57150 -0.78735
2 -4.46438 -0.78735
5 -2.67863 -0.78735
10 -2.67863 0.78735
20 -2.67863 0.00000
50 -0.89288 1.57470
100 0.00000 157470
200 -1.78575 1.57470
500 2.67863 -1.57470
1000 1.78575 -1.57470
Average 2.32148 1.10229
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ie® ®o.. [EMRER GC/Q-TOFMS F Mass
Lo, Profiler Professional 2R RE M

R TR

w5 Rl
& BE
Stephan Baumann, AFREY T MR T AT SR NRBE N NER, FRNNEARE
Sofia Aronova 6 7890A GC FIZEEME 7200 ZIBHEE 0-TOF REBAZY, IHERTFEES
EREFEBRAT B (E) MELSEREE (P BT, RNAN MBI EEXBOLLY.
Santa Clara, {# ) Mass Profiler Professional BTt ftr R o EER, ZHEERFH

AR

28 b MEBEN YT LUERTN — MBI T B RE R,



518

EEE, i AERYAEBH R RN B BB ERNRN
EkrEEc, 22013 &, EETIREEET 1812ET 1],
B AEIA A SEMEBAONKENOERELZEEX. BX
L, ARSHREES (FDA) CRAERNHT BN EMEEHER
BEBOFENEHBRER, REEWARE, #EHOERE
BEERBETE—XEESRMSRNERSHE (Evoo) , R
BRUABNEEENREUDTRE LN .

E M AEES (10c) FEEKLE (USDA) BELEBILT
EVOO Ko 2tn, Bl SE/MIFHTHRE Ut 2,
A, =IERER [2) kB, S%E EV0O 3% 99% it OB
AEFEAT EVo0 EAMBENR, MZBEEULRERNE
M,

EFXEWH EV00 BAKTIAMEFIT Voo BEEKNE
X, FEESFEZ—HTURUERHESEERE MR E
fEE, XH, £ ARERIPLBEELESHEKREH™ R
HTREMR, XENLFERERETIEEERNFNERE
HrfiE, FERMRETHHL EVO0 MR,

G FRIREIERR T & — SR RSB R e BB R E MR
AT, ZERER—MENFEPLEIRRE (3] PRAMN
EERUENINFE, ERNRARFRERER (E1) MEWL
FRER (PC) BXAREHE, FERARER 7890A GC RHER
7200 RIIFEFHRE QTOF FulBkA RS, IR MassHunter
BB FiEEAESER, Mass Profiler Professional (MPP) %X
HRTFREGITHAMELSEER, BHHERTH 5 HEE
HEMSBREULEKBEX,

TR

IRk, Bik4d, %8 Sigma-Aldrich A7,

&

—4k 10 FEBEMEEMRIIE B UC Davis Olive Center. FTE#MY
B2 TH 10C #RUMBTHREEUKHEENREHME EV0OO
. BERERTELRE, BIRCHER 110 MELGIH#THE,
110 AL #HHRSEEER, REVIRFHITOH,

e

MRERRERRER 7890A GC F1LER 7200 5 GC/
Q-TOF XA B %, IUEMRIELEIITFR 1.

1. GC FIMS (L Es&H

GC IEBSHRE
Bt DB-5 MS, 30 m x 0.25 mm x 0.25 ym
(¥B#45 122-5532)
HHE 1L
MMI 0 50 °C 4&#% 0.01 min,
600 °C/min 2 300 °C
wESREA 60 mL/min @ 1 minute
HEHEERF 45°C ¥ 4.25 min,
5°C/min FZ| 75°C, &#% 0 min,
FEEL10°C/min FE]320°C, ¥ 10min
5= 25, 1.3 mL/min 187
ER%RE 290 °C
Ms ESHRE
BFUES El, IECl (20% BRRSHE)
BFREE 230 °C
M ARAF R E 150 °C
m/z3eE 40 ~ 800 m/z
Bk RERE 5Hz, EIRIHZEETEREERE



IR BG4

/A MassHunter EEAHEE (ARA B.05 SP1) #HITHIELR
B, HPKitEREsRIERTaTETH, BEEAZRENL
BYIEIERE, WILEZE 100~300 MLAEY. A MassHunter
Mt TEEZ CEF XHBBEREBEMAE MPP,

{#F Mass Profiler Professional 2 (A& 2.1.5) #1745 it5
i, BIELESBNT.

1LIRESNTRFZNXFSH

2. EFE— R

3. EXHmY

4. EHIETIEE

5. BEMA ST (PCA) EXTEHEHITRETM

—EXESRERE, RERBETUMEZMSFTERITTIR
MYEETIE. ZIENIMSRIZILMN XS EER, #H—

x10°
1.2

il iz
o
=

7.104
56005203

0.4 4
0.3

0.2+
22.440

FRBROELE A ER L MEERFN S FREEHATL
AYHITER..

SRFE

HiEREF0LhE

M GC/Q-TOF ¥ EVOO H@mPHUEMHITEE. EH
MassHunter FEIEERER (B 1) BEBRTAHARKAL 150
ML, ERAELSRERE, HFEDREM 50 °C BFHEZE
300 °C, BANBRERE. ATHEFIBEHENLEY, ¥
HRBMRFRERIEAN 5 °C/min,

{EF MassHunter FIfESTRT @iEIEHITIRR, $AEFIA MassHunter
Ryt TEE RIS NE] Mass Profiler Professional (MPP) 4
&) CEF XX 1.

34.818
663295830

39.881
224380087
29.286
210535124

37.472
64074000

41.941
29767720

19.068 11247049 25532
5620591 7848225 ‘ A’J ‘
{ i W
A lmﬂ Jdd "1 i A_“..‘UL U"l
T T T T T 3\0 T T T T T T

L e/
RERFE (min)

14.762

0.1 L
) I‘AJlL [

1931582

T T T T T T T T T T T T
35 40 45

A1 BEELT, FIAEERERALARL 150 12, ETRFELREARABEIETRE 0.1%



MPP SRR 7 105t B 2 R AR BR B 8] ) AL RO N S F B i
(EICs) . ENBTFERERINEXRZLEH 06, REMET
22l 0.05 min, TINARE—TMMLEY. B 2 PR REMEFER
6] B £ B AR R A5 442 MREHEE (KEY) L E
MPMASHAENE 1 8 2 %, HEEHETEREFLE,

EXTHRAR, £ MPP R EHHEITES. TMTRTUE
BREERENNESE, ERESTINEFEN. F—RitiE
WETHLSTE (KEY) 100% FEHEED—MERASH
B GREN) . ZRRTRBZENTIRICYN 442 MEET
91 4,

it ot

LEREENETRELET IULIE ASCl FXAXBMLER
B, R EZRNGEITT A REESIEEEBiIf %R, MPP HER
BRFRAERM “ER HEIE, #HTERNBIEEE. Fit.
gitoain, B, ERBRMMNNELEE. ERET15
FEEHESIERRE, BHAPLAENARTFETEEE.
EXRA PN EEHTIENEELE ($B0 Mass Profiler
Professional /= g@# 4 5990-4164CHCN)

ERS9H (PCA) R—MEERAMEEEZTHNEAR, €
ARSI TR AR, FRREBIRETRERRER.

4004 e . —
- . ] - -E ® -
300 B
@ a = OE g
= g # = 0l
T S 2 E ... s M - .
EE - " - ] L [ ]
L L e M i atin 1)
10 2 30 40
RT (min)

B2
THINEERT

REFRER I LRFEREBEFIRAT 442 THEFHLEY. ENFHASHRLAE 152 %, 28K MPP Tif#, EAHNLEYULERT, &



PCA BIEMEMNTERUATEXNERS, BTERDR—
TEHRTEMAMAS. TEA-MREEHNTIE, SHTHEN
MREFBESHEL, SF (LEY) PCA EBINABILR
EMAERZESTHE LMAR, H—FHETHRMENE
5 (B3) .,

EETHIGITFREL

—BERE TERARSEINABIREMRXAASE, WMiT
SitESW. B%, WEEMEEHAYNREGELTY (L) |
BESHHRAEEEAZ BEEESANSIE (LEY) , AEd
FBITH EVOO HRPHBLRERE 2 5. 3 &, 4 BEHES
M (kB

T—%, FIEAFEST (ANOVA) HEMLHEBIEETUATER
HEMEREEEAITFLEENER. EHRMEE P=0.01, 7
EFEBEN 9 MXERE 5 NEELEY. BETAN
ANOVA #HRIERUX LM (B 4) Fr. EE P EREN
EETURAHN 5 MAMATFRIEN KRR,

R

AEMBEMRULNEEHAF BAEMFLERRMN—EI%
HmAEM, Bu—M—MMRiz, EFREBTMERIEE.
AZHLER, XEETHRITHATEREMBEAREIT L Lk [4].
ARRMEHHRM 5 MEFEBIREUNEXHUSYHE
R TR A R A RE B T R E K

RRAZFE (PLS) HMAHER FEHMENMS, XEEER
HENNETE (MENLE, m/z) PHER. BEAEEER
BASHXREXTEMNESN, HAMKEZ. RN T
F44i% (PLSDA) BFHUARNBAEAZ BMAK, MK
BRAUNSZE, BERARBEFEEIZEFNNIE (4],
ELt, PLSDA #FFEIBMmNRER,

B3

Y &

EEAAH (PCA) ETHIFINMER, dEFTHRETHEMH
B, EERTETHENAIHER

-ZIO -1I0 0 1IU ZIO
log2 (fEEHL)

KUIBEFRTT X LG LHIEESHRE Y B LHTELE
5o X5 MU EWRREXECHEMRAIHRF



R4E MPP R 5 MUSWREREL N 2 £, T—HREE
—MREERA M RETRIREN. BUSEE
By % —F R AYEREETIIS (B5) .

AHMRER, EFEREREXREEECIRER DM S8R
., BAFEZSR, EXE—1ERNGITERE. XARENS
EFARRIGTISHE, aETETATHERENAREE
Mk, BEMERESHD 100% (B 6) . XEERKHTE
B—MERATAEBRRN—/ EV00 R EERE XA
i,

ddentifier | Teaming [ Pesicedainmg | canfidence |
L301-E-1! g2 JIF, Trairing| ([F. Traineg] 1000
FIWZ-E-1. Ig2 (F. Tralrng| [[F, Trainéng] Lo0n
£5C 1-El-1/ lgZ [P Training] i[F, Trasning] 1000
FHCE-B-1 g2 {IF, Training] ([P, Traning] 1 000
EEAl-E-1! g2 P, Training] ([P, Traning] 1000
Hs. KT PCA # 3 15 2H PLSD %%
Prediction Resuts +
[ identifier | Grade Training | PrediciediClass Pre.. Confidence
PACI-EI-1 Igd F Mong |F, Training] 1.000
ESC2-El-1 g2 P |Traming [IF, Training]| 1.000
ESC1-El-1 g2 P \Traming P, Training] 1.000
SAC1-El-1 192 F None _|F, Traiming] 1000
FFC2-E1-1' Ig2 P None [P, Training| k 1.000
RSAZ-EI-1 Ig2 P Mone P, Training] I 1.000
LSC1-E-1 Igd F T raming [F, Training] | 1.000
RSA1-El-1ig2 P Traiming [P, Traiming] 1.000
EFC1-El-1 g2 P Mane I[P, Training] L1000
Fe¥2-El-1 lg2 F Traiming |[F, Training] 14000

He. REEBRNTHERRHETSE, RTLASSRINBINE, SLHERREAFHRTNER, & "Taining” TEHL "None” FX
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tevEl

ZHEE 7200 25 GC/Q-TOF XEUBHMABEFRIIAN EIL CI
MENBEFABEARENE. ILEETREEXEHTEER
o El TR TIEERRFREBA IR, o TURBLEARK

ERRER MassHunter EE2RHHITHBREIERBERIN
:Fﬁﬂl“q’?zﬂ)l:ﬁﬁ LB, K, WRIE NIST 8IREY EI Rk
HTRE ( . BRTRE—TMLEY, FE B §EYEIE
*EFH’]EEE}# ﬁﬁﬁﬁﬁéﬁﬁﬁ'tm—ﬁm {E$HE$&H&%§'E

FENER FOET MS/MS HRLANMETATRRRE D oann, ROERTRRE, WA NST ERRADS
Wi R B O FETL, BIESKE TR R, JRHRELETRNRREE NG
HHREESEAR: MRFREHmEERRETENLT
A, RALEMESRERNERNLENRMTA, BUEY  YTEHERL.
LETMTRBLYFESBED EE R RRE RE ™8
{ERKIFIIE, R 7200 5] GC/Q-TOF AIMRERHREN
Z£HMER, WUEYETE (ID) AFERNRKE,
x10°
ol 105.0698
gg: ' 119.0853
504 | 161.1320
4.5
4.0 91.0539
35 |
“ 304
2.5
2.0
15 840694 |
1ol 133.1005
054 65. 0382 I 204.1864
07 T T \I T 'l\ ﬁ-l!l | T T T I T T
200 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
BRRrE (m/z)
100 | T 119 161
7 91
50 - "
1w 51 65 33 145 189 204
0’ | ”flig !Pl r | 133 145 175 189
504 41 5 81 91 "
I |
1007 106 19 161
4‘0 5‘0 s‘o 7‘0 Qo Qu 160 1‘10 1‘20 150 ﬁm 1%0 1%30 1‘70 150 150 2‘00A 2‘10
£ I imad o 1T ad MF=B55 HMF=865 - ot Pyt
A7 El BALBEERN Wiley F1 NIST ATLURTIEHRE EI GC/Q-TOF HEREBELEY



El BFHRERREEEENTERULEYRNTEY, BRT—1
BOFESFEFHLEYI (B 8) , MEMAELEYRE
HEREYET 5 ppm.

FIRE I BHRERE, SMOCHHRTNERSFX (B 8)

RIENZ B R R RES, BHEXE 5 MAEY (RIETT) B
SFRHTTHIA. BRT 227 m/z SMOTHBERTER (M+C,H)

+ PCI mEWA, EMEE—1 209 m/z KIBERIE, du%%
H,0 #FHER—H. 191 m/z MBRIENTERETEZ1MK
ﬁ%ﬂ’]:‘é?& MX LR INENZ U S A— M ERDFRA
Ci4Hy0, MIZEEME, EMREABELEFXT 8 ppm, HE
RIESEE. 3 NIST EEREREN S 4 HULEYUNHARE
M, n:ﬂ]%ffﬂ‘ﬁ‘ SRR ERSE, AMSELERERE

i (
El. M*+ PCI. [M+H]+
RERE RERE
MPB IB % NISTHE ID NIST EECE | #FR CAS itEE MWEE (ppm) e HEE (ppm)
55.0027.546 |n-KRHEER 789 CigHz0, | 57-10-3 | 256.2397 | 256.2385 47 2572475 | 257.2470 1.9
73.0029.750 |ERRERZBR 703 CyoHy0, | 111-61-5 | 3123023 | 3123008 48 3133101 | 3133091 32
81.0@35.731 |REH 831 CyHsy | 111-024 | 4103907 | 410.3904 0.7 4113985 | 411.3987 0.5
105.0020.906 |a-EEBTHHIHE 880 CisHy, | 17699-14-8| 2041873 | 204.1883 49 205.1951 | 205.1945 29
71.0927.260 |NIST EEARFHE N/A CiHp0;, | N/A 226.1927 ND ND 227.2006 | 227.1987 8.4

A8 PCI FESIRIR THRIBREES, ATRERFEABINLHHBEGTHILENNS FEF. RT—1T2% £l BEFRERULFEIFEFHRE

HUEYER
MPP ID #% NIST 63 1D NISTEEE | #FX CAS s R
55.0@27.546 |n-kRiIER 789 CigH3p0, | 57-10-3 #i#  |Bedoukian Research
73.0029.750 |REREEAZEE 703 CygHy0, | 111-61-5 ¥ |Good Scents 24
81.0@35.731 |MER 831 CyHgg | 111-024 #&  |Good Scents 2
105.0820.906 |a-EEEFTHE 880 CisHpy | 17699-14-8 | EHEF  |Good Scents A

=K 4 AR AR BRI EYSIRIIR



f#F Molecular Structure Correlator FH{TE&MMIN  ZTEMEH EIEENMT, BHUHEEH 29.75 min AiEA—#

OTOF FHETHENNBIWAFALAEE BTGy CHRLEN, BEERUSDHNERRIE, Molecular
PSR TEZ . Molecular Structure Correlator ATBIRT T4 Structure Correlator &M, 312 m/z BB FHIF=YE FHTEISES

47 ChemSpider MBI ARERIFE TSI OO RO, RAEFDAH 08 (H10) . Wb, BAH
THE. SIBHETRSENATANRE RENERmY TR s W ARERRIRE, FERANREREE S pom
STREEFRS O MEROTARS, HE BRETYE N EINADETRATINMEARS.

ST, AHERSIBEEFOELAERY, B8

SHRM MEFRAEMETS (Compatibility Score) (B 10)

# s | S i e——
1 — -
CLEN
| A
- e Compaund bommua: COOMAOGI
S W =TT G ) bl il sl i WP [ | g R - : i ST nas B - aryter TH T s :ﬂ Ry S,
i e ': — d— FRR— T = - - e =1 ] -
— e [ me ur '
i [ =] L 1]
L (] o [ 1] L] Wi
= -~ b . 5
Al B B B i
S—— B =T -
- - - L L] T AR 1
Fig ke L I H ] - mm [
| B - e B S - H =L i o
B WL L a R 4 o !
[ -1 L] ] it = EFLTLTERE e A —
[ HeE] EETE L. =4 i} Tl e * L e e L '
i Lk ] [E] g [ —
[ L EiE = -] i |
i LR ] e L] srewe | = L]
ki - Ll LL} N R
i i =T e ——m
" - [T b s al e
Hom= = [t P L1z 1e 3 . J T l
h B - r-_-=-|__:=| i

e

A 1o. Molecular Structure Correlator ¥ Q-TOF =& FHiEEEHSHGER N HNEEEL, BEMIN=HEFHIHENEREE, ARl FEETS
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Fib

M Agilent GC/Q-TOF ZEMFETRE EI IFFLE CI FHEBE
BRI T—/MER, BTERTN—FEREE R TR
BEMR, BRRRERMAIENRE, BHRMERTX
FhA R R, (SRR S MENTNAERE A B
T ARE—MEF, PRI A R8s EEE
BEMR, MM, @R 73 RiadTRE MR Eihng
%, REETRENRXHN EV00os FERLEWAIRASEL
TREIR 5% BB — R, XA R R I el A T
HES—MER, MUFRN—HEBRE SR 2 TENERS.

SE

1. Olive Qil in the U.S., 3rd Edition, Apr 1, 2009, a marketing
report from Packaged Facts (http://www.packagedfacts.com
/Olive-0il-Edition-2071654/)

2. E.N.Frankel, R. J. Mailer, C. F. Shoemaker, S. C. Wang, J. D.
Flynn, “Tests indicate that imported “extra virgin“olive oil
often fails international and USDA standards™ UC Davis Olive
Center, July 2010 (http://olivecenter.ucdavis.edu/news-
events/news/files/olive%200il%20final%20071410% 20.pdf)

3. L. Vaclavik, 0. Lacina, J. Hajslova, J. Zweigenbaum.
“The use of high performance liquid chromatography-
quadrupole time-of-flight mass spectrometry coupled to
advanced data mining and chemometric tools for
discrimination and classification of red wines according
to their variety.”, Anal Chim Acta. 685, 45-51 (2011)

4. J.Boccard, J. L. Veuthey, S. Rudaz. “Knowledge
discovery in metabolomics: an overview of MS data
handling.” J Sep Sci. 33, 290-304 (2010)

EZER
EHENRRADLER, HXRNFRIRSHESER, Hi

i&] www.agilent.com/chem/cn.
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Frank David

BitH R

Kennedypark 26, B-8500 Kortrijk,
Rl

Sofia Aronova
RECHBEARRA
Santa Clara, CA,
xH

4 7200 GC/Q-TOF TR mthey

R AR

ALFNIFR

w=E

FEHEFHEA TR HEERE S AU AP EEFEXERPREREIN (RE)
—EFEN, BERMEREHTON. SXEROERNENMEE, XA GC-MS &
MEHTIM.

BRERRRIE S BEN AR TR E R UHTAH, BB EYIERE TR
BiREk WS EEMEHINE,

ZAHBHRGETN —XFEN . REA-KHEVNERHTERENE, FRRE
£ GC/Q-TOF B MS/MS BEE AT AHEIR B B0 S et T B RE



bl

AY

mi

EYRSHERERE. ZIEMRE. SRFRE-RIKELS
1, REUSYHAXANIMEEEY . SEEYRSYATAT
BERERHESMEENNSHEURAT, 1EhiH RN EM
BN, YRS BT A TERIE MRS A
R 1. 2]

BUNEYIREN S ARFSREERLMEENL ZKHEY . &
R XNERMERTENSHRRENE R (FIMEESR) .
BEER GC-MS EMEXLEMIREY. HME, HmEER
RER. SHEREEN/RERER, BREXUSNIFTRAEL
BYSE. &, ERRESHEESE, ERRENERET
£ (sIM) \#XHETRA, ATENOFRSHEEEX, 27
FERRSRIET, BREBTHM—AHENEDRSY.

ZRNAR, FA%RER 7200 0-TOF HEEMEHRERPH X
%W (DBTs) . ERMERHTUNE, ITHEAREESRE
E. "HESERRENERES. HEFERPHRELANK
MRS THR—T ZHEEM. GC/QTOF FEARRBRF LA
ERT (30 SIM F1 MRM X9 5 A FRE MR =E M
®AF) |, ETE S RIERRENEFEENEH AR
R E TR, XRFTE. I, MS/MS EXiExT
SRR TREREENREANEES IR,

X

ftFiR kS

¥ NIST SRM 2260a (LGC, Molsheim, i%E) ZXHEWRS
PEIAB A TSR, WNRAES KRR 10 ERER. —F
FEM R RLIKE A 0.38 ng/ L,

[FimEERF R EEEIAR, FRE 100 mg Rk, B 10 mL ECK
BEREN, BEARED, IERACEHER 106 (RihR%k
KEA 1 mg/mL)

GC 1 MS £

{FREE SSL A% 7890A GC #1 7200 Q-TOF HSEBAZ
FHITH,

SWEBERE 1.
£1.  GC/Q-TOF £#
iy =30 brign e PR/ RDTH
EFY VS v
BE 300 °C
prig =31 1L
ik DB-5MS, 30 m x 0.25 mm, 0.25 ym
#HS 15 mL/min, 8%, 187
GC % 50 °C (1 min) - 10 °C/min - 320 °C (8 min)
HilEs B El
MS 5, FARERE 40-500 Da
RERE 5 Hz
MS/MS #3 AHSERE 40-500 Da
CE:10eV
BFREE 280 °C
MR IR 150 °C
ZRL

BHEMZEHEMRER 038 ng/uL KISILKHTHN. BILE

(2 EOSEE A 5-23.5 min) % 1 577K, DBT 7 16.3 min i
i, HEGEENE 1B, BIESFH m/z184.0338, SHEHRER
PFBEF (C,HgS. M*=184.0341) #t, FEBIRENTF 2 ppm.

%E, BERFEMERERHETIN. B2 ARBTFRE, L
EREBErARNNENEERRYIE, ZXFEMKHECE
BErkint . FRARRMBAF MS 128 m/z 184 + 0.5 amu HE
FiEE, ARUQH ZFHEW, WE 2b R, EEEEMLME
BB HRNE, KHE 1418 min KEEEONLARE.
EEWEY (FTREA C4-2, C \H p MW = 184) FTRES FHREERE
EMREYIRNE,
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0.25

B

RERE:

o
~
oo
©
=

-1.75 ppm

79.0091 92.0167

68.9790

113.0378

139.0536
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158.0180

21 22 23

184.0338

II ll

A1

x108

0.9
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0.7+
0.6 1
0.5+
0.4
0.3
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0.1+

A 2a.

50

I 1
55 60 65 70 75 80 85 90 95

FEIZIRIHI GC/Q-TOF 247 (0.38 ng ZKHIEM (C ,H,S, M = 184.0341) HIBZE B A7)

WAL S B (m/2)

100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190 195

FHBSBFRE (DBT B iRt B SR )

16 17 18
el iz 5 5% £2 664 18] (min)
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EIC 184

327 RUEFRE
-4 BO%EE: £ 05amu

ZERHER

B 2b. 184 + 0.5 amu BIIEEREFiZ

M Rz 5 % B8] (min)

BITIREEHRE ST (184.0341 £ 5 ppm) NEFLE, A7H
SUERATETHE, KKIRSSMAERFE, ME 2c FrR. 16.32 min
WREEME 2d Ffis. S2EF$ DBT HBEBRRE (m/z

184.0339) KXFZEHEZM, FEIRE/NF 2 ppm,

%108

4 |

36-  EIC 184.0341

3.2
1 REREFRE
- BAEE: £ 05amu

2.8

/

u‘\b LA

ZARFEEL

29

A 2c. 184.0341 + 5 ppm B9 FIEBUEE

I I I I I I
16 17 18 19 20 2

T R 55 5% &£/ 8] (min)

122 23 24 25 26 27 28

29



x108
HEEAHREIRE: -1.21 ppm

357 184.0339

251

139.0537 152.0615
71.0852 79.0088 92.0166 l 169.1007 {
0 . . S .,‘l,y,..l.;,...‘l...l.‘l.lv.: i PP I W | 1l sty e ‘|I|I|.I...v‘ ‘||l l.

50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
ARz 5 BTte (m/z)

B 2d. B R IE R

EHEE, PR ZHKHFEY (C1-DBT, 4 MESFIME,
RBET 3 MRIGEAEE) REX m/z 198.0498 MBEFILE,
3 C,- ZHRHBMMREE m/z 212.0645 KB FiLE, X4 DBT 4R
EYITERGEY, W8 3 FR,

x10°

5.5 198.0498

. 184.0341

3.5 212.0645

T T T T T T T T T T T T T T T T T T T T T T T
105 11 15 12 1256 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215

W BZ 5 3R 47 8] (min)

B3 B DBT (m/z184.0341) . FE-ZFHEY (m/z 198.0498) F1C, ZFHMEW (m/z 212.0645) FriZ2IRIRMEE ( 5ppm) IRNEFEE



RTAHMETFRI, ERNSERAEAEZNEMREY.
EHTURRERRESFHBEFLE, MERRMERTHX
A SR TR, B 4 5191 £ 05 amu (TRER) #0
191.1794 + 10 ppm (JRER) KU TRIE FHILEL. £EH
BRRERIERTREGESHNERENESHERIL. EmE
B0 26 min 2 30 min KSEEAAGNL/LMHER. 27-28 min
HIKIERTREHPE-BR (CpqHgp, MW = 398)

g
4/:F
o —7 £
7 14/
6 191 +0.5amu f L
57
47
37
7 | I -
17
0 i o
Hi=
x10° 191.1794 £ 10 ="
. +10 ppm ' 14/‘
14
0.8
0.6 -
0.4
0.2 “
0 MJ YW R PO | II A J 2k, b

T T T T T T T T T T T T T T T T T T T T
8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

i iz 55 5K 4£ B 18] (miin)

A4 BEEF 191 £ 0.5amu (TFEF) F1191.1794 + 10 ppm (JERS) S TFHHEREFHMRE LA
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RRHTHEHFTEEFHRR. BAXLESMUERRPRIRE
RIE, WA 5 foR, BMEERBRRERNEFEE, kXA
ZEEFREFHTH. M GC/Q-TOF FARA MS/MS #,
B F 400 ABETF (CygH,, M = ZEEIR) BRIRN
FEFEE., FEFE 217.1951 HARNEFLERRA, ZER
HENEHERMEETEZRS, WA 6 ik,

x10%
0.9

0.8

0.7

0.6

0.5

0.4

0.3+

0.2+

0.1
0

x104

2.44
2.2

2| EIC 400.4064
1.8
1.6
1.4+
1.2+

17
0.8
0.6
0.4+
0.2+

04—~ A A ~

13 14 15 16 17 18 19 20 21 22 23 24
N Rz 5 5% 4B 18] (min)

A 5. SRR SRR LA (217.1951 £ 10 ppm #1400.4064 * 10 ppm)



ot MS:EIC400.4064
)
0.8
0.6
0.4
0.2
14
0.8
0.6
0.4
0.2
0:

54l MS/MS: 400 > 217.1951

25.6 25.8 26 26.2 26.4 26.6 26.8 27 27.2 27.4 27.6 27.8 28
Mo R 5 5% 423 8] (min)

A RS L AR TIRBREE (4004064 * 10 ppm) BFHEREFER (E8) #1MS/MS B THEHEE (400> 217.1951 * 10 ppm) FHE
FHIRREFEE (JK55) Bttt
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&k

ZHER 7200 QTOF AIXEM K S ENRENHITON, X
FHITHRAE. BRENEHRTEZRTNE, FABRREN
RIEFERMNE A NRRE O Z K HERINE RS EWR
EMHTEEE RN,

7200 Q-TOF £ MS/MS EX TRH IR E & i 1T F %
wim,

B2, RHE® 7200 GC/Q-TOF REFA N BERREHIHES,
3t BARAIE BARE MR R T HITE YR DHR.

SE

1. Z.Wang and M. Fingas, Developments in the analysis of
petroleum hydrocarbons in oils, petroleum products and
oil-spill-related environmental samples by gas chro-
matography, J. Chromatogr. A 774 (1997) 51-78.

2. Z.Wang, M. Fingas, C. Yang and B. Hollebone, Biomarker
Fingerprinting: Application and Limitation for Correlation
and Source Identification of Qils and Petroleum Products,
Prep. Pap.-Am. Chem. Soc., Div. Fuel Chem. 49 (1) (2004)
331-334.

E3iER

BRENEHIREHESEER, EHE www.agilent.com/chem/cn.
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Manhong Wu, Robert St. Onge,
Sundari Suresh, Ronald Davis, and
Gary Peltz

EHMEDUFER

BEREBRHL

HrBE A

Stanford, CA

£E

Sofia Aronova and Stephan Baumann
ZREMERAA

Santa Clara, CA

£E

&M Agilent 7200 %% GC/Q-TOF #{TE
BAEBRNRHREI T

MRS

RifEZ

w=E

{EF R 7200 Z5] GC/Q-TOF ZZEHN Mass Profiler Professional (MPP) #R{453#
BRERHTTRERENN, AREBUEFLEERERSYHRE. BRNRE
HZREEEME NP EERNERSRIIERELMIEES. BREFRERRENS S
GC/Q-TOF HA, AUKBRLEMER. BFHRB (E) HE2XEEXARERES
MS/MS B FRIEHE, #—SHRTEREPHYRTERUANE AR,

BS
FEEEREEERAEESEMAREKTER TERATMEEEN /MG R TN A —
MIEXUNEREY. AR ERRERENFERERAYHITIN, I—HYK
RUEREE, —MERARENESERTY AERRR., ZRHEBETHMARB
FEEREINREMAL, BRI, BRESESRBXEBREYSHNBELNTERELS
I AR EENEBERAMNER. Eit, HLNHEREREYNSREENEY
BERGRERKNATES. SLHYATIBEEMEREMAMAERE. AR
BERENAE, BB XHHITE Haploinsufficiency Profiling (HIP) f#& [1]. HIP
BRTEERRANBENAMNER, EREKRREERS. RBZEUAH&YTHE
EMFFCEE, Rz, FAERBRRER 2 WSHERIEL /MR- TR ERL
(GC/Q-TOF) BRA#HITRBAERRGNREA TS EEFHESTRTEREAY
HEEEmEE,



KR AR EHE T ERRER 7890 SIEEILF 7200 5| Q-TOF
B R BEEMAMATE, ERNUAYTLRERA
MNERYH T ENETE. AR PRIRNNERAY
NAEHTRIE, BENEERERTFENTLAYHITIE.
BEMNSEEIEEE A P BB RAREEE N R EHEE
K=,

& RSB E BB E PR E R Eia T ER AR
RGBT HEAREN KT AR, BRETLMEERER
HYER TEBHERRGHNIE, ki, ER MS/MS =958
FHREHRREIEEL S Molecular Structure Correlator (MSC)

TEXMFLERMAH = TEMTIA,

1. GC f1 MS (851t

GC %ff

ik HP-5 MS Ul, 30 m x 0.25 mm,
0.25 um (EB#4S 19091S-433U1)

HiE Tul

St 20:1

AR/ R THEEORE 250 °C

HHEREFFR 60 °C %&#% 1 min, EL 10 °C/min #Z
325°C, f&¥F 3.5 min

S 5, B%, 1 mL/min

LR 290 °C

MS &

BFUER El

BFREE 230 °C

M ARATF R 150 °C

AFERE 50 ~ 600 m/z

Rt REEE 5 Hz, centroid # profile &

MS/MS il aE 2 15V

HmblE

o]
)

RFFRER

AR KR

b %S Sequoia Research Products
AR Sigma-Aldrich

BRARER Sigma-Aldrich

NCE 1181-0519 ChemDiv

MSTFA (N-BE-N-ZBRE#E- =52 Sigma-Aldrich

BiB%) +1% TMCS (ZBRESHER)

R BRI Sigma-Aldrich

Fokntie Sigma-Aldrich

928

ARHRZRFE 7890A 1 7200 5 GC/Q-TOF Li#tfT, (NB&EMEF

x1.

FBH0E) 10% MR ERZGYIRGERT 6 MEF 5 mL FFER B
Fik (BYA743) MEATHHITIES, = 0Dy, EAH 1 HHAT
W& (£93 X 107 4fE/mL) . A Folch iE1RENEREHER [2].
Y TREFRK 2.5 1 0Dy, BN TERIERTREHES
Fig, B 40mg/mL BREBRBBIENMITARBTITEL, B
B MSTFA+1%TMCS BREARHITHENL, BRINFLERA
100 pL. BX1 pL AFSEGIEHE.

BN

{EF %8 MassHunter B.05 #{TER., FrEIEESER Mass
Hunter Qualitative Analysis B.05 #{THE&TR, BLEBAIK =
WIEIES NIST11 i EE L SRR 4644



RS T HEE Mass Profiler Professional (MPP) If#ER/E
MEBHITRINTEMS (BETR. ZitFEEXS . BEREK
FHHRHELEYIERTAL) , WEHMEBTHEATKER
ERETFHBERNLEY. LRETN#HITE MR RS
IR,

SER5WE

BE

BHETHERNRENER, GC/QTOF HiEMIERBRERTUX
SEEHEGERRERREFHERELEY. MassHunter
Qualitative Analysis &I T 4 HHITEER.

1. BERM: ABIBEFHIEETERERT

2. tEYTN: BESTERMARME—ENSMERAS T
TER SRR

3. BERER: s _FEtIRSIMEINRLEE
4. fLEWIRA: XMEMEASHET EEERRMLT

< N Fi ETE ol |
R T B P R N L R N

|
I

2z}

TRAENREZ -RAFTZEAGEFRTRENR. & "8
YR 5 RPE R BIEER T URAE S AR R AR
IERFUETEIAS

BitERERTEHTRAEEHRZLRARNARLEY. B 1
R 3 MG FRIIA C\H,,0. EREANMEERR
44 —HE.-824-PBE-—HERECER £ ERLHE, RE\ETE
B9 FESIIERE, BE 44-"HE-8 24 PB- /R 2ix L
B ME—FFE Mass Profiler Professional (MPP) % Tétit
BEEEENEETUMBEEEREN L EY.
—BitEATHBER, MEOBRTHAMZHEERX (.CEF) KX
%, RER MPP RENEBLRERANXEEZTUHLE
1. MPP St ETRIIT

1. EXFERHER TIERENEDE

2. EEHIEIEA MassHunter Qualitative Analysis

3. M Qualitative Analysis SN\ .CEF X4

4. REFEMEREFLRSR

EERERAU RS REERGHRER R EFHERLLEY. ZUREEARREFEMEE (EICs) , HH—LERH L EWRFHERNERETF.

BEEE A2 MassHunter BBETRETIE, BH—HHEY 44-ZFE 8 24- B —BHEH



5. EXGREMBEMEERFELSH FNRRUBE ZREANAERDY, EXREENENER

T BRPMMEATSARMTE, BMHERR, S50

4 ERG1 MUEEEYREINER, MAFLALREURBEL
7. EREURE MESTREK, RRRRELY. BEAN-EERSERRE
8 BEEMFEERE BEATEERHEZRURTRBEE, NHSETELRN

ER, SFERIE ERG1 WERSYMMER P40 14a-E5FE
U ®itiE, HESTEE ) { ‘st N . - ) N
9. KfBE, RER TR (p<005) MStudentsth  psn 2 cmrmum xp HARALTUBHER,

BERMAER 2 WREEHER oL K ARG R AT A AR R
SIS TUHT TR (B 2 FIE 3)

ERERFrANRERAYN S TEBR NSRS EREHR
ESNH GC/Q-TOF AHTBERERARGREIATE, L%

R4 BTHRNEERL

84.3 (EF) ﬁth§§

e

4,4-ZFHE 5q-PEES-8,14,24- = 15-308 >27.7 (TF)

p
p
=
X
4,4-ZFHE 5q-PBES-8,24- -3 088 >32.7 (TF)

HO

Q@EVY

@

B 27.6 (TF&)

5.3 (TF%)

A2 BRUEFRTE, TRXEBRAHTYFENEELH, IFEANN ERGI BREFYEERNEHERNEERER



it =4 TR EETE
RERK 3.0 (EF)
X
FEUE p 141 (EH#) SEM
s i
X
4,4-ZFHE 5q-PEES-8,14,24- = 15-358 p >27.7 (TF)
NS
HO
X
4,4-ZFHE 5q-BBES-8,24- -3 08 > 327 (TF&)
HO
X
BELE Q@EVY >375 (FH)
HO
NS
ZHE 2.8 (TH&)

A3 BREMETE, TREEERWTHFENEETL, SEEANE ERGT1 BEY 140-% FENBERNFELEER

ENFRANAE, SAERLEFNERWETHORARRAT
BERMFELBENER. £H MPP, RUERRWIBTHHEE
PE 140-EFEXBRFEEZ M SBILM 140 BEEE
BENER. FRINTRENGRETZAEEEMAREEL

MELTHRERIGEN “BR" , IHTUEREROLEE
MM REERBEAIINERE. 14 FEXEBRNZR
AXTBE Bl BHEEMERRERER (R 2) WE. BhE
FHRRREE—SHRT U SYEENTEN.,



#2 FRMWHIFELIRANER

FTERES MI MI EHRE RERE
A% (m/z@RT) e SFR (m/z) (m/z) (ppm)
469 @ 28.08 14-q-EREIEHKTE CygH,g0 484.4095 484.4101 1.24
379 @ 28.26 14-0-£BE- 4-o- PEBFEE CyqH,g0 484.4095 484.4107 248
467 @ 28.39 14-a-£BE-3-E-o FEBFKE CyqH,60 482.3938 482.3931 -1.45
RT = (RERIHE
Ml = 3 FEF

HERNERHYN RGBT

REERRELR, R T-LEAMBEYERBENEBE
MEF kR —ME R FE (NCE) 1181-0519 H#1T
MR, ATEFH TR EEANFSNEIPHKBEL,
Gl KA T AR AR AT L B R T A NIRRT HE A

5N, MS/MS LRERRBREMNEREEMNAYBTERNER
RGN ENLEEEREE, EREWRE, NCE 1181-0519 #1
HARERAYSRER S B2 Erg25 #1 Erg26,

B MPP #THIT AW EH TRMWRANFAAEUERNES
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A 4. MPP HIBZ SN HTHEE, NCE 1181-0519 j&7HIKEZA S, RE—HMUEY (44-ZFE-824-JEL ") MEETHFHERERER



7€ NCE 1181-0519 #A&#, 35 44 "HHE S4B "BHEE
EMRWIRE, BMERTHH p < 0.05, B NCE HRHEERT
Erg25, TlHEFMHNRREEE MY HTX—4it (B5) .

K= BITHANEER

1.3 (£7)

1181-0519

44-=F% 508,24 -JB-—85-35-8 6.2 (L) /
HO

2354551 2.9 (TF&)

HO

LRz 1.3 (FF&)
HO

A 5. BEFMBRITIE, TEEEERCHTYFENEESE, G1F 44-ZFE-824- 05— BEHERMTHLERA T, BE Erg25 AHYELER



WARERIER da-RE-48-FE-5a-185-8,24- " %-38-BBMER,
XF0 Erg26 EABREAMEERER - (B6) . BAER—T
EYMRARENPEE, BEIRVZULEY, FIRKE
HIEARREEY, REBRTEREIMETHHES SEH
B,

Kl

FEHBE

44-—FHE 50-824-1B8-"1%-38-B

4o-BE-4p-FE-50-18-8,24- 2 4% -35-15

HO

EREE

HO

BE—KNEEaTERREFNEFEEEE (B 7) Hil,
Molecular Structure Correlator 3R Fit—H#iL MS/MS &
BEBRNENY, HERCRESER, WEREERKESYRE
MLt (B 8) .

BITHEANEET

1.7 (&7

14 (EF)

360.8 (L#) ﬁl‘.ﬁﬁﬁ

B 6. ZERIRITE, 40-%2-4p-FE-5a-FEE-824-ZU5-36- B F BHIEF LN, Erg26 AHHIHIHF R 1L



da-HBE-4p-FE-50-[B-8,24-Z1%-35-88

X108 C49Hs0Si,
1.1 0.87 ppm
N 496.3702
0.9 .
0.8- 378.3277 M
£ 07 C35Hp203Siy
2 0.6 —-3.24 ppm
< 05 257.2226 3633030 586.4213
0.4 350.2957 ’
0.3 187.1439 406.3224
02 1611279 2432100 309.2530 ‘ 455.3250
0.1 427.3064
0- sl d . \IIIJ.\ H\ Wil ‘J I | LLL I LL h | L L . |
1 T i 1 1 1 T 1 1 i i 1 1 1 i i
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580
BRAEE (m/2)
7. MS/MS =Y B FiEEFBH— ARG EMERNERYEH, da-KE-4p-FE 5a-f85.824- ") -35-B
HEEFH TR, I
ETHRBREER
T
LA e N
M SET TR - HFT
B e e e s Sk S b
2 & alE L= dis ik |- F
] LS L Sald e 1 2] 1] -
4
M
- . :_'_ e e
v HEER
I. EATE Wk = = Lo
e ) ‘//W ‘//
¥ L ) LN .- L
L] I g Tm Jl"'ﬁ 13 "
\ #4545 M\ ChemSpider [_f'—' '
= = n | - i
IN--F-S-gE- AL rl
L i a n . i il gl
T L :-u :: .luw:: . L - _arll_..-' e
L - ek o L1 . i - ——
= CE o Tl e
i e u'- 1
¥ 4 B T P S ] jo B TemmeTF we Ty Ty
L] o EL i Ll n | 5 J':ZIH-: ~@ L=
As. Molecular Structure Correlator 1## MS/MS MG H EHAEFF B FEEN A FX, Bkt T RIZHE ChemSpider HIE/E. 18T MDL Molfile F %

M AT LU BT A T BERY [l E B B R ERIIL B W TITHE
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7200 GC/Q-TOF £ AR H EHRBETE— IR PIARA R, #BT ERG25 #1 ERG26 452 NCE 1181-0519 FIBkHER
BELEMREY, ZXESRERENNERHYNERNER AEZAMBELEYAREENEER.
WEEEE, B 9 2ETHRMEBEENERAYNKHREITE

Erg11

$THM > | 44CREEES1UZRE |
TErg7 ¢Ergz4
R -
| cr2swEmEs | | 44 e BERE | ERER
TE“" Hit S ¢Er925 g 181-0519 TErgd
é'

RER

s

R, B -k EE B

oo

Et&-pp

T Erg20

—RERBEREE |

E1.57,2000) DR WE |

T Ergh

£151-5,7,24(28)- = F H By |

¢ Erg3
ez

¢ Erg25/Erg26/Erg27 T Erg2

| 4,4-BE 824 B I |

hazs D

| sHE4PERaLE |

¢ Erg27

| sosmEpaYs |

Y

=K} EREBELNEMISEE, dEHEHATRMER NCE1181-0519 ARk EE R



&b

7200 %5 GC/Q-TOF R— M #EEAM AT TR, BR#FTE
BRERBKHRENAE, RIMVANERAUNEE, 5
Haploinsufficiency Profiling —{EE ¥R ERZHMFIHIE,
7200 GC/Q-TOF MR EEEMLIERNREET N Bz
RAMBTERERMAMUE ST EMIRAIFEY, &t
SEEEE 5 MIER, WIAXTEANARKESEE MR R R
HTIE,

Rtk 3 LB R EERZ54 S NCE1181-0519 FkARERH
{ERNIBHTT T T, X—dF2BIT4 Mass Profiler Professional
Ty, PEEKERXERET N NERERHTERS I
PRI, BESh, 7200 GC/Q-TOF BEFEHRE MS/MS =
YIS FiE B 5 Molecular Structure Correlator TEMBEA, A3t
KK EHITETATRELT.

SE 3k

1. G. Giaever, P. Flaherty, J. Kumm, M. Proctor, C. Nislow,
D. F. Jaramillo, A. M. Chu, M. I. Jordan, A. P. Arkin, RW
Davis. “Chemogenomic profiling: identifying the functional
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AR TEESNEARS, MEES—MHEENHORSR. EENIFHE, LI
SHEEHESHEE — EIRFRIENESZAELTRERTR, EXOMERY
HiRE. 2% QTOF GC/MS BRI TIEER TOF BXT, FIFRERMNBHER
FREH RN EWHTEEI, BEXHFA MS/MS EEMH—FIEMNMLE,
M ERUEYHITERRINEN, HERTRNREIHERNHR., AXERARE
f£ 7200 Q-TOF GCMS X AR HHE) SR ZBHITEMEMT, UER 7200 RUEH
BRMEES.,

EEsH

SHEEHE: Agilent 7890A, BifHE. Agilent HP-35 MS Bi&# (30 mX0.25 mm X
0.25 pm); BEFEHIE: 80 °C RS 1.0 min, 25 °C * min"' 2| 170 °C, 6 °C * min’
78 300°C, RE 10 min; HK: &5, HKRE: 1.1 mL * min!; EHEDEE:
270 °C, #EERFR. 1.0 uL, HREX. FoH,

BEZ&SE: 7200 Q-TOF, BFIR: El, BFLEE: 70eV, BFREE: 250 °C, 5K
BEORE: 280 °C, BFIEE: 5.0 min, LIEERX: £83#0 MS/MS, A#EEE:
m/z 45-450,
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B1 (k) BXEERYH 100.0 ng * mL" &Y 100 MKZE TOF
BATEREREM TIC EE; B 1 (F) BRHZ Procymidone
FRTEE A m/z 283.0161 KR +/-0.5 Da RNEABRTH

B@ EIC AR, KRBTEFREEOAE (MAEXMERE
£) , RERELELNEFRAMRERERT. ZIMERS
RO BOBAFUE AR LM, MNRLRNE Qi — S5 /5
+/-10ppm, ME 1 (T) iR, BABHHBER THEIRHERHER
BHEARATUSERYPHTRBEFRERAZXAITX,
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BT, EBREF7E (283.0161 +/-10 ppm)

FREERM

R 1 BERTHOERNKZEE 10.0 ng » mL" FIKERE S
ERERE. PERENRMKRENERLT, 7200 GC-Q/TOF
BRAH TEERFHRERUFEEMIBE, H72KEEH
BHMENRESE (EHEHIER 2d ZaIEN, MEESERED
BYEPEHERANICRIMNREREW) .

B

EXRBERLHRRMT 100 K, HikES57410.0. 200,
50.0. 100.0#1200.0ng * mL', £RER, BAZHRALHER
FRYLMMRL, B 2 B, & 10.0 ng - mLRIKE EIC &
R, ERRILH 63.39; HMEIRAMZ, HXHE 09992,



#1. ARG B FH S B ETRINEE

1 SFFX BFHRER (Eid) BHREHR (xN) SWE HHE/ppm
FRPER CyiHygN 162.1277 162.1272 11327 324
“XR CyHy N 169.0886 169.0879 11036 414
HER C1,HgCIF;N,0 303.0381 303.0369 12448 3.88
B C,3H,,CI,NO, 283.0161 283.0154 12686 26
p.p’-DDD Cy5HyCl, 235.0076 235.0076 12207 -0.08
o.p’-DDT Cy5HyCly 235.0076 235.0068 12274 3.33
o,p’-DDD Cy3HyCl, 235.0076 235.0068 12274 3.33
AN CgHpaN; 224.1182 2241177 12138 2.34
KRR CyClg 269.8126 269.8119 12364 2.47
WEREE-ES C4HCI, 200.8824 200.882 11686 342
ERWMEX c¥ciFciNo, 294.8337 294.833 12288 2.27
HCB celel 283.8096 283.8096 13151 0.06
Gamma-BHC CeH,Cly 180.9373 180.9369 11576 2.26
Delta-BHC Cg H,Cly 180.9373 180.9368 11489 2.82
ZSREN Cg H,CI0S 158.9666 158.9662 10728 2.45
ERF CgHCI, 247.8515 247.8509 12734 2.58
i) C,H,,CIN, 201.0776 201.0769 11692 3.35
RBRER C,H,0Cl, 172.9555 172.9554 10809 0.85
IR C,H;N 105.0573 105.057 9159 2.86
AFRS CgHypN30 166.0975 166.0971 11369 2.34
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& model was constructed to predicts whether an olive oil
would pass the extra virgin sensory test. Running a GC/Q
TOF MS in both electron impact (El) and positive chemical
ionization (PCl) modes identified a large number of
compounds in olive oil. Multivariate software was then
used to perform statistical analysis and construct a
classification model utilizing the presence of five spacific
compounds to accurataly predict whether an olive oil would
fail the sensory test.

Introduction

The demand for olive cil is growing rapidly in the United
States. The US market is expected to surpass 51.8 billion by
2013, The International Olive Council {IOC) and USDA have
established standards for the classification of extra virgin
olive oil (EVOO), including a sensory test conducted by a
tasting panel, as well as chemical tests. However, recent
studies have stated that imported olive ails, which account
for 99% of the EVOO on the US market, often fail the
sensory test for EVOO classification. Multivariate software
can be used to model olive oil classification and a GC/0Q-
TOF can be used to detarmine the identity of markers that
correlate with a failed sansary test.

In this experiment we demonstrated that untargetad
compound analysis done on an accurate mass GC/QTOF
could be used with an El spectral library to help identify
markers that correlate with a failed sensory test. Wa also
showed that orthogonal techniques such as positive
chemical ionization could be used to collaborate the El
identifications.

Experimental

Sample Preparation Procedure

Ten olive oil samples were obtained from the UC Davis Olive
Center. All of these samples had been subjected to 10C
sensory test using a panel sanctioned by the 10C to
determine if they passed or failed the criteria for EVOD. The
samples were stored in the dark at room temperature. The
samples were diluted 110 in cyclohexane and injected into
the GC/QTOF with a 1:10 split. The results were evaluated
using multivariate analysiz and a model was developed that
accurately predicted if an EVOOQ would fail the sensory test.
Representative samples were then analyzed in PCl and El
Product lon Scan medes to aid in Structural Elucidation.

Experimental

i~ .

e .

Figure 1: 7830 GC / 7200 Q-TOF instrumentation.
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Cadamn DE-5M3. 30 meter. 025 mm K. 0.25 pm bim (PN 122-5532)
Imjection volume Tul
MM Injector Z05C for 0.01 min
500 *C/ mim ta 300°C
Purge to aplit veat ED el win ot 1 minwte
Oven Tempersture 45 50 for 4.25 min
Progrsm S*C/min to 75 °C. 0 min hald
18 *C/ mim ta 320 *C. 10 min hold
Caarier gas Helium at 1. ImL/min constant flow
Transler hne temperature [0 K

M3 Conditions

lemuatnm made El pesutres Gl {20 % methane How)

Samree tempersture TRC

Ousdrupsle temperature 150°C

mz sEan A0 o 800 m/2

Speetra nequisition raie 5Hz, collecting Beth in sean and profile medea

. &

Table 1: A cold splitless injection was used to minimize

thermal decomposition.
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Figure 2: Typically, about 150 peaks are identified by
chromatographic deconvelution with a relative area filter of
0.1% of largest peak.
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Results and Discussion

Statistical Evaluation

Mass Profiler Professional (MPP) was used for statistical
evaluation of the data. This software provides the
possibility of using a guided workflow that helps the user
avaluate the analytical data. The guided approach efficiently
reduces the data set from 442 components to five
statistically relevant compounds in a few steps. The steps
were as follows:

1. Define the experiment type, workflow, and

organism.

2. 3elect the data source as MassHuntar Qual.
3. Import CEF files from MassHunter Qual.
4. Setabundance and model ion filtars.
9. Defing retention and match factor alignment
parameters. (Total Compounds: 442)
6. Selectintarnal, external. or no calibration.
7. Choose baseline correction.
8. Setcondition filter flags. (Total Compounds: 91)
9. Filter based on Volcano Plot This combines the
Student's t-test for significance (p< 0.03) with
fold change threshold = 4. (Total Compounds: 9)
I - _"_ 1 -
. . A :‘ - -._.‘
Vo L, o ¥ '},h.. L L

Figure 3: This mass vs. retention time plot shows that 442
unique compounds were distinguished by chromatographic
deconvolution, most of which occurred only once or twice
and were filtered out by MPP. The low frequency
components are shown in red while the higher frequency
components are shown in blue.
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Figure 4: Principal Component Analysis (PCA) shows how
data clustars. The samples that failed the sensory test are
marked in red and the ones that passed are blue.
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Figure 3: The Volcano Plot shows fold-change for each
entity on the x-axis and significance on the y-axis. The five
compounds in the upper right hand corner are accumulated
in the samples that failed the sensory test.

Class Prediction

Through multivariate analysis we identified five compounds
that correlated with a failed sensory test; the next step was
to build a class prediction model that could be run
independently of MPP. To do this we had to train the model
with the data.

There are several clazsification models that can be applied
however Partial Least Square (PLS) analysis is particularly
adapted to situations where there are fewer observations
(i.e. number of samples} than measured varables (e.g.
detected entities, m/z). Its use has become very popular
due to its ability to deal with many correlated and noisy
variables. Therefore, PLSDA was used to construct the olive
oil classification model.

[F—— f— L —
1000

CSCI-El: g2 [F, Training] [F, Training]

FEW2 . |E. Training) [F. Training] 1008

ESTI-E1: Ig? [P Traimiing] [P. Training] 1000
m [P, Training] {P. Training] 1.000

Table 2: PL3D training set which contains representatives
from each of the three clusters found in the PCA plot.

We can see in table three that a small data set such as this
one is capable of identifying lower grade olive oil being
misclassified as EVOO, a larger model could also determine
if an olive oil has any of the characteristic compounds
related to “fusty’, rancid, musty or vinegary flaver notes.

ASMS 2012
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Results and Discussion

(S = )
{Clags Prediction)

BCCETOE o Mo IF Trining) 100
P Training [P, Trainanig] 1.000
P Training [P, Training] 1.000
F Hone [F. Tenining] 1.000
P Mone [P. Temining) 1.000
F Mone [P. Teainmng) 1.000
F Traimmg |F. Temineng] 1.000
P Trainimg [P. Temining) 1.000
P Hons [F-Training] 1.000
F Temnmg [F. Teamnsng] 1.000

\

Table 3: The model comectly predicted the pass or fail
status of all samples, including those not used to construct
the model. The samples that were not used for building the
prediction model are listed with the Training variable set as
‘None'.

Compound ldentification/ Structure Elucidation

While it is not necessary to know the identity of the
compounds used in the classification model, identification
could lead to an understanding of the mechanism by which
those chemical components might adversely affect the
sensory qualities of olive oil. The advantage of the 7200
GC/Q-TOF is that it can collect data in El, Cl, and Product
lon Scan modes. These orthogonal modes of operation aid
confirmation. El spectra allow library searching and provide
fragmantation data, Cl provides information about the
empirical formula, and Product lon Scan MS/MS generates
data for an accurate mass substructure search that can be
applied to EI or Cl generated ions.

Figure & Commercial unit mass El spectral libraries like
Wiley and MNIST can ke searched using accurate mass El
GC/O-TOF data to identify compounds.

As we see in Figure 7, the Molecular Structure Correlator
(MSC) performs a substructure search of the ChemS3pider
database using MS3/MS product ion scan data. MSC
correlates the product ion scan results to all the possible
structural isomers. Each individual fragmant ion is ranked
based on mass error comesponding to the proposed
formula, along with a penalty based on how many bonds
needed to be broken to generata that proposed formula. An
isomer's individual compatibility score iz a weighted
average of the fragment ion scores, taking into account the
intansity and the mass of each fragmant ion.

ol Agilent Technologies

Figure 7: M3C performs a ChemSpider substructure search
on the product ion  scan  fragments of  ethyl
octadecancate’s molecular ion peak and generates a
compatibility score. Note that this substructure is equally
compatible with sicosanoic acid as to ethyl octadecanoata.
The El fragmentation pattern is what allows us to
distinguish between structural isomers.

Exact Mass

Measured Meaaured
P
n-llexndecenoic

CuHpl; 1562385 47 18 1
Dctedecanoic soid,

CophlagDz F12.3008 48 31330491 3.2

m CxHe 41038037 B AngEE 0.5

[ 2041388 48 051945 HL

Table 4; PCl spectral data provided confirmatory accurate
mass information for molecular ions of the four up
regulated compounds that had melecular ion peaks and
were identified through El library searching.

Using accurate mass El and positive Cl scan data
generated by a GC/QTOF system, a model can be
constructed that accurately predicts whether an olive ail
will pass the EVOO sensory test  Although a study
constructed using a very small sample set generates an
incomplete model, it demonstrates the feasibility of the
approach. A predictive model constructed using a
significantly larger sample size would give olive ol
producers a guick detarmination as to whether their oil
would fail the sensory test and the defects present.

Structure elucidation of four of the model compounds was
accomplished by El library searching combined with
Molecular Formula Generation, Isotopic Pattern Filtering,
and Malecular Structure Correlation.

ASMS 2012
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Introduction

Abstract

Analysis of pesticide residues in feed and food is an
ongoing challenge. Especially in "QuEChERS-times", highly
selective methods are obligatory to eliminate matrix
interferences. GC/MS with high mass accuracy and full
scan acquisition opens up the possibility of highly selective
determination of a theoretically unlimited number of
compounds. Megative chemical ionization is adding
additional selectivity and increases the molecular ion
response for lower detection limits than electron impact or
positive chemical ionization for dedicated pesticides like
halogenated pyrethroides.

We present preliminary data for the analysis of y-BHC,
y-chlordane, w-chlordane and trans-nonachlor in varous
food matrices.

Experimental

Standards

Calibration solutions of v BHC, v chlordane, w chlordane
and trans nonachlor were prepared in ethyl acetate at
20 fg/ul (ppt), 50 fg/ul, 100 fg/ul, 200 fg/ul, 500 fg/ul,
1000 fg/ul, 2000 fg/pul and 5000 fg/ul. Calibration curves
were generated from 20 fg/ul to 1000 fg/ L.

Samples

Food samples were prepared by Eurofins Food Testing UK
Limited using a QuEChERS-like method to yield 1 g/mL
matrix in acetonitrile. The following matrices were provided:
a) Parsley b) Mint ¢} Tomato d) Grapes ) Brussel Sprouts
f) Kale g) Swede h) Orange i} Cucumber ) Sage

Aliquots of each 90 pL of the extracts were spiked with
10 pb of calibration solutions to vield concentrations of
o0 fg/uL, 100 fg/pL, 200 fg/wL and 500 fg/pl.

GC/MS System

The GC and M3 configurations and conditions were as
shown in Table 1. To ensure mass accuracy, recalibration of
the TOF was performed automatically within the sequence.
Mo further mass correction was applied.

Data Analysis

Agilent MassHunter Qualitative and Quantitative Analysis
ware used. y-Chlordane, a-chlordane and trans-nonachlor
showed molecular ions. For y-BHC, the most abundant ion
is the chlorine fragment. Quantifier ions are listed in table 2.
At least two further ions served as gualifiers (not shown).
Quantitative Analysis was performed with extraction
windows of £ 50 ppm.

1% Agilent Technologies

Experimental

Agilent TBH0A
Aar cooled multimode inlet [MMI), equipped with

Gas chromatograph

Inlet an ultrainarr plitlass linar with glass wool
Two 150 mox 0.25 mm 1D x 0.25 pm HP-5MS Ultra
Columns Inert were connected to the MS viaa pressure
controlled tee.
Camrier gas Hurliurm
Canner gas mode Constant flow

1.25 mL/min {col. 1} and 1.45 mL/min {col. 2)

Column Mows [retention tme locked to chiorpyniphos methyl at

18.111 min}
Autozampler Agilent TEE1A
Injection mode Cold splithess, purge flow 50,0 mLSminat 2.0 min

70 *C (0.0 min), 600 *C/min to 300 *C (1 min),
MMI Temparatura program 100 °C/min to 280 °C

Backilush: 280 “C
Inpection volume 1.0pL
- = - -
Ovan pragram ;E"EE[I minj, 40 *C/min m 120 *C_ 5 "C./min to

Post run, 2.4 min, oven 280 °C, 40 ps at pressure
controlled tee, inlet 1 psi

Transfer ling 0 "

Backllush condhbions
Mass spactromatar Agilant 7200 0-TOF

lemization MNegative chermical iomnization (MET)
Reactant gas Methane at 0% {2 mL/min}
Aource tamparature 150 °C

Ouadrupole temperature 150 °C

Ouadrupole mode Total on transmission, cutoff at msz 50
Colligion gas MNitragen @ 1.5 mL/min

Scon range m./z B5 Lo 60O

Acguisiion rate bHz

Acquisition mode 2 GHz dual gain

Tabla 1. GC/MS Conditions

Chamical Farmulas of lone uzad

Compound for Duantification Exact Mazz (Da)
1-BHE [FEC1] ~ = [M-CgHCly) " B, 00875
-Chlgrdang [CogHEE 1]~ = [M+4] 40979242
o-Chilordane G HeBGIAT0] = [M+4] 400, 9242
trans-Monachlor  [CygHg=CI00] - = [M+2] 441.75640

Table 2. Cherwcal formulae and exact masses ol guantiher ons, chionne
isntopes ara indicated

ASMS 2012




Results and Discussion

Calibration Solutions f b AT S A e A
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All compounds were detectable at the lowest calibration on
level and showed linear responses. o7
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Figure 1. Calibration curves of target compounds . . . ;
The guantifier ions with extraction windows of £ 50 ppm
_ = were sufficiently selective in all matrices. All targets could
'i:'.'-_:'.’"”'"m:'m S be detacted at the lowest spiked level (50 ppt) and higher,
R / except of y-chlordane and c-chlordane in parsley as wall as
A pt of y-chlord d a-chlord parsley I
i || 'I v-BHC in mint. v Chlordane and «-chloerdane in parsley as
.| JI | well as v BHC in mint were detectable at 100 ppt or higher.
" | || | v-BHC. 20 ppt SN ratios. (peak to peak) at the lowest detectable levels
" | '| are shown in table 3.
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Results and Discussion

Mass Accuracy

The following figures illustrate obtained mass accuracy of
the quantifier ions at different concentrations in the
calibration solutions and in the matricas.

Mo post acquisitional recalibration was applied.
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Fig. 4 shows the influence of the concentration on mass
accuracy. At low ion counts, higher errors are most
probably due to the ion statistics. At higher concentrations,
mass accuracy is stable for all ions (-0.03 mDa + 0.46 mOa
in=4)at 1 ppb for the four different quantifier ions).

Figures 5a and 5b illustrate mass accuracy depending on
the matrix. Mass differences are within few mDa in all
matrices at all spiked levels. As expected, mass accuracy in
matrx is better at higher levels [ 0.29 mDa £ 1.44 mDa (n=
40) at 500 ppt for all quantifiers in all matrices).

The results of this preliminary study let us confirm, that
negative chemical ionization combined with high mass
accuracy and sufficient resolving power can provide
excallent selectivity and sensitivity for organochlorine
pesticides regarding GC/MS3 analysas.
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Metabolic profiling of yeast sterols was performed to
precisely determine enzymatic targets for new potential
antifungal drugs. Targeted analysis of the relative levels of
ergosterol  biosynthesis  pathway intermediates was
combined with an untargeted approach, empowered by
accurate mass high resolution GC/QTOF technaolegy, to
obtain the most comprehensive results. Full scan electron
ionization (El) spactral information was complemented with
MS/MS accurate mass product ion scan data to confirm
the identity of the compounds accumulated in yeast as a
rasult of drug treatment.

Introduction

Budding yeast Saccharomyces cerevisiaa is widely used as
a model genetic organism because of its simplicity and
availability of strains with individual deletions in all of the
genes in its genome. To evaluate new antifungal agents
that target a key component of yeast membrane -
argosterol —  complementary genetic and analytical
approaches were utilized. As a first-tier high throughput
approach Haplolnsufficiency Profiling (HIP) screening was
performed. HIP involves the growth of gene-depletad yeast
against a drug where resulting sensitivity of the strain
suggests that the enzyme product of heterozygous locus is
being a target of the inhibitor. Furthermore, an analytical
approach invelving accurate mass high resolution GC/0Q-
TOF metabolic profiling of yeast sterols was used to
specifically identify anzymatic targets of the potential drugs.

Based on the relative levels of targeted intermediates of the
ergosterol biosynthesis pathway as well as accumulated
untargeted metabolites in drug treated versus untreated
gamples, the mechanisms of several potential antifungal
therapeutic agents affecting sterol metabolism in yeast
werg proposed. In addition, the MS/M3 accurate mass
product ion spectra were used in conjunction with the
Molecular Structure Comelator (MC3) tool for structural
confirmation of some of the accumulated metabolites.

Experimental

Sample Preparation

Wild type yeast cultures (strain BY4743) were incubated
with drug concentrations that inhibited growth by 10%.
Yeast lipids ware extracted by the Folch method (Folch st
al.. J Biol Chem, 1957, 226, 497). The lower chloroform
aliquots were dried by speed vacuum, and the

Experimental

active functional groups were derivatized with 40 mg/mL
hydroxyamine hydrochloride in  pyridine followed by
silylation using MSTFA + 1 % TMCS, prior to analysis by
Agilent 7200 series GC/QATOFR

Analytical Conditions
This study was performed using an Agilent 7830 GC

coupled to an Agilent 7200 series Quadrupale-Time-of-Flight
(Figura 1). GC and M3 conditions are described in Table 1.

- ~
|

L F

Figura 1. 7200 series GC/OQ-TOF systam.
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Table 1. GC-MS conditions used in the study.

Data Processing

The chromatographic deconvelution was performed using
MassHunter Unknowns ZLnalysis software. Metabolites of
interest were identified by comparison with the NIST11
mass spectral library. The multivariate software package
Mass Profiler Professional (MPP) was used to determine
compounds present at distinct levels in drug-treated vs
untreated samples. Quantitation was performed using
MassHunter Quantitative software B.05.
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Results and Discussion

Proof of Concept

At the first stage of this study the analytical appreach
utilizing GC/0Q-TOF was validated using two well-described
antifungal drugs followed by the examination of novel drugs
with potential therapeutic properties. Both Terbinafine and
Fluconazole are widely used antifungal drugs that target
distinct steps in the ergosterol biosynthesis pathway and
whose mechanisms of yeast stercl pathway inhibition are
well understood. Terbinafine inhibits the ERG1 gene
product, squalene  epoxidase, thus preventing the
conversion of squalens to the next intermediate of the
pathway. Therefore, squalene accumulation and depletion
of downstream intermediates of the pathway is an expected
outcome in this case. Data obtained by GC/Q-TOF werse
consistant with this expectation (Figure 2).

Metabalries Fald Change in trested sample

Sauaieas IIJIUE '_____..-Terhinaﬁna
Lapsaberal WA |

8 & Syl A rdefa B T4 26 brasa Then 7T 1 o,
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J— 208w

IS Th 4.3 ewni

Figure 2. Squalene accumulation was observed in yeast
treated with Terbinafine as compared to untreated control.
The numbers represent fold change.

Similarly, in the case of an azole antifungal agent
Fluconazole, that inhibits ERG11 gene product, the
cytochrome  P450  Tdo-demethylase, or lanosteral

demethylase, accumulation of lanosterol is expected.

Merahalites Fold change i treated sampls
e o Fluconazole
[p— 1.1 upl /
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& st Sa nakeats B 1l dan 30l [ 20
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Figure 3. Significant accumulation of lanosterol as well as
depletion of several targetad downstream metabolites was
observed following Fluconazole treatment.

Py Y

Unexpected Observation
Approach

Bevealed by Untargeted

In addition to accumulation of lanosterol and depletion of
other targeted downstream metabolites (Figure 3),
untargeted approach revealed a buildup of several 14a
methyl sterols that are not usually detected in yeast (Table

Component

{m/z @ RT)

453 @ 28,00 A
Tda-degmeihyd da-
3780 13.26 it pymosterss CyH g0 434.4025 4844107 248
14a-drameshyd 3-keta- =
45T @20 g =i CagHas 4813938 4813931 1.45

RT = Retention Time
M1 - Molecular len

Table 2. Results of Untargeted Analysis of Fluconazole
Treatment.

The empirical formulas of the accumulated 14a-mathyl
sterols were determined based on El fragmentation spectra
and accurate mass information. Accumulation of 14a-
methyl stercls suggested that some of the downstream
enzymes in the ergosterol biosynthesis pathway are rather
“promiscucus” and are able to utilize starcls with an extra
methyl group as their substrates.

Metabolic Profiling for Characterization of Potential
Antifungal Drugs

A few potential inhibitors of ergosteral biosynthesis
pathway such as Totarcl and New Chemical Entity (NCE)
1181-0519 were evaluated. Statistical analysis performed in
MPP helped to easily identify specific steps of the pathway
affected by a drug. In the case of NCE 1181-0519 only 4,4-
dimethyl-8,24-cholestadienol met the significance criteria
for a biclogically significant fold-change (Figure 4). When
taking into account downregulation of the downstream
intermediates (Figure 3), the results strongly suggested that
the NCE specifically inhibited Erg25.

Totarol treatment resulted in the accumulation of another
staral, dg-carboxy-4p-methyl-Sa-cholesta-8.24-dienal,
suggesting Erg26 being a specific target of Totarol (Figure
B). This sterol was not originally targeted since it is a
biologically unstable intermediate present only at trace
levels and was revealed only in an untargeted appreach.
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Results and Discussion

k.

Figure 4. Significance analysis performed in MPP shows
that only one compound (4.4 dimethyl 8,24 cholestadiencl)
15 accumulated in response to treatment with NCE 1181
0519,

[ Metabsdile Feld Change in Treated Zample
Saublind 13U
1181-0519
LA Byl S -chadanta- B 20 data- -0l K3 (U]
Erg2s

Dt 19 iDgwni

Ergoatwrel 1.3 Braemi

Figure 5. Significant accumulation of 4 4-dimethyl-8.24-
cholestadienol as well as downregulation of downstream
metaholites in response to treatment with NCE 1181-0519
strongly suggest Erg2d as its target.
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Figqure 6. Builldup of da-carboxy-4f-methyl-5a-cholesta-8,24-
dienol is consistent with Erg26 being the specific target for
Totarol.

The structure of da-carboxy-4f-methyl-3a-cholesta-8.24-
dienol was confirmed using accurate mass product ion
spectra information (Figure 7) since NIST library spectrum is
not available far this compound.

o Agilent Technologies

Figure 7. M5/MS product ion spectrum helps to confirm
the structure of one of the compounds identified by
untargeted approach, da-carboxy-4f-methyl-5o-cholesta-

8,24 dienol.

Molecular Structure Correlator (MSC) was further used to
predict the substructures of the resulting M3/MS3
fragments and evaluate best candidate structures of
accumulated compounds (Figure 8).
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Figure B. MCS helps to assign formulas to each accurate
mass fragment from product ion scan. Compounds
structures are extracted from ChemSpider database or from
.mol file to visualize fragmentation and provide the score
that reflects the probability of each fragment structure
being formed. Finally, it assigns a compatibility score to
each possible compound structure.

Metabolic profiling of yeast sterols iz a powerful approach
for identifying enzymatic targets of antifungal drugs, and
can be used in combination with HIP to elucidate the
mechanism of drug inhibition in more details. The accurate
mass infermation and full spectrum sensitivity of GC/Q-TOF
anabled reliable identification of targets as well as
unknown compounds that accumulated as a result of the
treatments. The accumulation of several intermediates of
yeast sterol biosynthesis pathway in drug treated vs
untreated samples helped to elucidate the mechanisms of
several potential antifungal agents including MNCE 1181
0519 and Totarol.
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HIGHLIGHTS

» The method was set up for a universal
screening of pesticide residues.

» The database included retention
time, a single characteristic ion and
a pair of ions.

» GC-QTOF MS as a new instru-
ment system was applied due to its
improving sensitivity and accuracy.

» Limit of identification of the database
was at 5 ppb in this case and accurate
mass errors less than 2.5 mDa.

» Thirteen pesticides were found in the
vegetables (11 in celery, 9 in rape, 3
in scallion and 2 in spinach).
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ABSTRACT

A method for the rapid simultaneous screening and identification of multiple pesticide residues in veg-
etables was established using a novel database and gas chromatography in combination with hybrid
quadrupole time-of-flight mass spectrometry (GC-QTOF MS). A total of 187 pesticides with different
chemical species were measured by GC-QTOF MS to create the database, which collected the retention
time and exact masses of ions from the first-stage mass spectrum (MS! spectrum) and second-stage
mass spectrum (MS? spectrum) for each pesticide. The workflow of the created database consisted of
“MS! screening” for possible pesticides by chemical formula match and “MS? identification” for struc-
tural confirmation of product ion by accurate mass measurement. To evaluate the applicability of the
database, a spinach matrix was prepared by solid phase extraction, spiked with a mixture of 50 pesti-
cides at seven concentrations between 0.1 and 10 ppb, and analyzed by GC-QTOF MS. It was found that
all of the 50 pesticides with concentrations as low as 5 ppb were detected in the “MS! screening” step and
accurate masses were identified with errors less than 2.5 mDa in the “MS? identification” step, indicating
high sensitivity, accuracy, selectivity and specificity. Finally, to validate the applicability, the new method
was applied to four fresh celery, rape, scallion and spinach vegetables from a local market. As a result, a
total of 13 pesticides were found, with 11 in celery, 9 in rape, 3 in scallion and 2 in spinach. In conclusion,
GC-QTOF MS combined with an exact mass database is one of the most efficient tools for the analysis of
pesticide residues in vegetables.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Agriculture in the world has changed greatly in the past 100

* Corresponding author. Tel.: +86 021 54925300; fax: +86 021 54925314.
E-mail address: ylguo@sioc.ac.cn (Y. Guo). years. Many farmers pursue high yields by utilizing cheap energy,
0003-2670/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.aca.2012.10.048



40 F. Zhang et al. / Analytica Chimica Acta 757 (2012) 39-47

plentiful water supplies, effective chemical fertilizers and pesti-
cides. Pesticides achieve their intended control of pests; on the
other hand, bring unintended and adverse impact to the health of
humans and animals as well. For example, recent studies showed
a link between heavy pesticidal use in rural areas and incidence of
childhood leukemia [1-3]. The wide use of pesticides in agriculture
contributes to environmental pollution, affecting land, water, and
food products in particular. Some pesticide residues can survive
foods and reach consumers, imposing a potential threat to human
and animal health, even after the applied pesticides were thought
to dissipate. Research reveals that prolonged exposure to pesticide
residues may increase the risk of various cancers and neurologi-
cal disorders, and impair the immune system [4-7]. The increased
exposure to pesticide residues from food sources has caused seri-
ous concerns in food safety. The Pesticide Residues Committee,
an independent organization established in many countries, has
repeatedly advised the governments to establish a nationwide pro-
gram monitoring pesticide residues in food and drink.

To monitor the pesticides residues left on the raw food products,
many approaches have been taken using various analytical tech-
niques including spectrophotometry [8], polarography [9], atomic
absorption spectrometry [10], thin layer chromatography [11], iso-
topic tracer method [12], gas/liquid chromatography [13,14], and
mass spectrometry [15] etc. At present, gas chromatography-mass
spectrometry (GC-MS) and liquid chromatography-tandem mass
spectrometry (LC-MS/MS) are the two most powerful techniques
for multi-residue pesticides analyses [16-19]. For GC-amenable
semi-volatile pesticides GC methods are still preferred over LC
methods due to its higher resolution. With the rapid development
of MS technique, gas chromatography-tandem mass spectrometry
(GC-MS/MS) has been increasingly used to minimize signal inter-
ferences in complicated sample matrices. For examples, Tao et al.
used a GC-ion trap mass spectrometer (GC-IT MS) and detected
multi-residues of pesticides in vegetables [20]. Salquebre et al.
used a GC-triple quadrupole mass spectrometer (GC-TQ MS) and
detected 22 pesticidal residues in human hair [21].

Although many approaches have been successfully taken for the
analysis of pesticides in food or other matrices [19,22-25], accu-
rate and reliable improvement for high-throughput applications
of untargeted residue remains an elusive goal. A method featured
with higher accuracy, resolution, and detection sensitivity as well
as fast speed is being explored for monitoring multi-residues of
pesticide residues, especially the banned or severely restricted poi-
sonous pesticide residues even in trace amounts and complicated
matrices. The application of single-stage quadrupole MS or IT MS is
limited because of the low resolution and disturbances by the high
matrix burden and co-eluting peaks. By using TQ MS or more prefer-
ably TQ-linear ion-trap mass spectrometer, the low scan speed and
the minimum dwell times for each multi-reaction monitoring tran-
sition limit the number of substances in one measurement cycle.
GC coupled with tandem high-resolution QTOF MS is a power-
ful analytical tool for the identification of unknown compounds
and provides increased selectivity for the determination of tar-
get compounds, even when they are nested in complicated sample
matrices. Compared with other traditional tandem MS (TQ MS) or
high-resolution MS (TOF MS), the elevated mass resolution of QTOF
MS enables the performance of the extracted ion chromatograms
using narrow mass windows and measure of the characteristics
ions at accurate mass seen in MS! and MS? spectra. Such narrow
mass windows lead to a remarkable improvement of sensitivity
due to the decrease of the background noise and the improve-
ment of the signal-to-noise ratio. In addition, QTOF MS possesses a
high-speed spectral acquisition rate, which can rate as fast as 50 Hz
to perform effective MS? dissociations of multiple precursor ions
in one measurement cycle. Considering these advantageous fea-
tures for improving sensitivity and accuracy, GC-QTOF MS as a new

instrument system could have a promising future for routine mon-
itoring of targeted and non-targeted pesticides. Prior to this study,
Portoles et al. reported a pesticide residue analysis using an atmo-
spheric pressure chemical ionization source in GC-QTOF MS [26].
In this study, we present a rapid, simultaneous, and multi-species
screening and identification method capable of monitoring multi-
residues of pesticide remaining in vegetables using GC-QTOF MS.

2. Experimental
2.1. Chemicals and reagents

One hundred and eighty-seven references of pesticides included
in the database were purchased from J&K Scientific Ltd. (Beijing,
China). Standard solutions of pesticide were prepared in n-hexane
(HPLC grade) supplied by Fisher Scientific (Santa Clara, USA).
Bond Elut Carbon/NH, cartridges (500 mg/500 mg, 6 mL) were pur-
chased from Agilent Technologies (Santa Clara, USA). Other solvents
and reagents used for sample preparations were obtained from
Shanghai Reagent Company (Shanghai, PR China) in analytical
grade purity.

2.2. Instrument and software

All measurements were performed with a 7200 accurate-mass
GC-QTOF MS instrument (Agilent Technologies, Santa Clara, USA),
using a fused silica DB-35MS capillary column of 30 m x 0.25 mm
i.d. The injector was operated at 250 °Cin splitless mode and helium
(purity > 99.999%) was used as the carrier gas at 1.2 mLmin~!. The
GC oven temperature was programmed from an initial temper-
ature of 80°C held for 1min, ramped at 25°Cmin~! to 170°C,
and then at 6°Cmin~! to final 300°C held for 10 min, resulting
in a total run time of 36.267 min. Injection volume was 1 pL. The
other optimized parameters included a transfer line temperature
of 300°C and an ion source of 250°C. TOF for MS was operated
at 5.0 spectra/s acquiring the mass range m/z 50-600 and about
13,500 (FWHM). The MS? conditions were fixed for each com-
pound with a quadrupole for isolation of precursor ion at a medium
MS resolution and a linear hexapole collision cell with nitrogen at
1.5mLmin~! as the collision gas. Perfluorotributylamine (PFTBA)
was utilized for daily MS calibration. MassHunter Acquisition B.06
and MassHunter Qualitative Analysis B.05 were applied for the con-
trol of the equipment, and the acquisition and treatment of data. In
addition, Microsoft Excel software was applied to create a CSV file
for the database of pesticides.

2.3. Sample source

The fresh vegetables of celery, rape, scallion and spinach were
purchased from a local market in Shanghai, China.

2.4. Sample preparation

2.4.1. Extraction

The sample of each 20 g chopped vegetable was transferred into
an 80 mL centrifugal tube, 40 mL acetonitrile added, and blended at
a 15,000 rpm for 1 min with 5 g of sodium chloride added during the
blending. After that, the sample homogeneity was centrifuged at
4200 rpm for 5 min. The acetonitrile layer of 20 mL was transferred
into a 100-mL rotary evaporator flask and concentrated to 1 mL at
40°C for further clean-up.

2.4.2. Clean-up

A Bond Elut Carbon/NH, cartridge (500 mg/500 mg, 6 mL) was
added with 2 cm anhydrous sodium sulfate and conditioned with
4 mL of acetonitrile/toluene (3:1). Then, the solution obtained from



F. Zhang et al. / Analytica Chimica Acta 757 (2012) 39-47 41

the extraction step was applied to the cartridge and eluted with
25 mL of acetonitrile/toluene (3:1). The entire volume of effluent
was collected and concentrated to 0.5 mL at 40 °C. The residue was
dissolved in n-hexane to make a 10 mL solution for detection. For
the spiked spinach sample, each residue was added a pesticide mix-
ture of known concentrations and mixed thoroughly, then added
n-hexane to make a 10 mL solution for separation and detection.

3. Results and discussion
3.1. Creation of the database

Because the database of pesticides was created for simulta-
neous multi-species screening, it was important to include as many
species of pesticides as possible. A total of 187 pesticides, such as
organophosphate insecticides, organochlorine insecticides, organic
fluorine insecticides, pyrethroid insecticides, glyphosate herbicide,
and azole fungicides, were collected and divided into 11 groups at
200 ppb for GC-QTOF MS analysis. TOF MS was calibrated first by
using PFTBA to achieve a typical mass resolution >13,000 and mass
accuracy <5 ppm. Then 1 uL of each group standard solution was
injected into the system for detection.

According to the European Council Directive 96/23/EC 4, a
minimum of four identification points per pesticide are required
to ensure its confirmation [27]. To adhere to this Directive,
retention time plus a single characteristic ion and an ion pair
(precursor-product ions) for each pesticide was included in the
database. Among them, the same chromatographic separation
ensured a nearly identical retention time. The precision of retention
time was evaluated by the GC-MS measurements of all pesticides
groups each in six replications. The standard deviation of each
pesticide’s retention time was between 40.00 and +0.04 min. The
selection of characteristic ion for pesticide is a critical element for
the application of the database. The best candidate of characteris-
tic ion is derived from characteristics fragmentation and owns the
most abundance. But in actual cases, many pesticides have no ideal
characteristic ions meeting both features. Hence, in our design,
sensitivity was preferred to selectivity in the selection of the char-
acteristic ion. The most abundant ion from a MS! full scan spectrum
was selected as the characteristic ion and precursor ion in order to
achieve the best sensitivity. This also provided a maximum possi-
bility to avoid missing the identification of pesticide in question.
Moreover, the accurate masses of the selected ions could increase
the selectivity of the method. The ion pair (precursor-product ions)
would be utilized for the confirmation of pesticide. Of course, in
case that the more abundant ion had a lower m/z ratio below 100
normally due to a poor selectivity, the precursor ion would be
replaced by the ion with higher m/z and lesser abundance. The pre-
cursor ion theoretically calculated from its formula was separated
in the quadrupole and submitted to collision-induced dissociation
(CID). The precursor ion undergoes repeated collisions with the
collision gas, building up potential energy in the molecule, until
eventually the fragmentation threshold is reached and the product
ions are formed [28]. The types of fragmentation that occur vary
considerably with the type of product ion and the amount of energy
involved. Each product ion has its specific fragmentation threshold
called as the optimal CID energy. Normally, it is best to work at
around the optimal CID energy, or just above, to maintain most con-
trol over and obtain the highest intensity of the proposed product
ion. Hence, for each pesticide, the optimization of collision energy
was necessary to achieve an optimal abundance level of the prod-
uct ion selected. At lower energies, the proposed fragmentation did
notoccur. When the energy was too high, other fragmentations may
occur instead. Corresponding, the intensity of the proposed prod-
uct ion would be decreased at a lower or higher CID energy. As an

example, Fig. 1a shows a mass spectrum of triadimefon. The most
abundant ion at m/z 57 was selected as the characteristic ion, while
the lesser abundant ion at m/z 208 was selected as the precursor
ion due to its higher m/z ratio. Among the three CID mass spectra
of this precursor ion (Fig. 1b-d), the most abundant ion at m/z 127
was generated at 10 eV, rapidly reduced at 20 eV, and nearly disap-
peared at 30 eV. The ions at m/z 111 and m/z 99 replaced the ion at
m/z 127 as the most abundant ion at 20 eV and 30 eV, respectively.
Comparing the signal intensities of three ions with CID energies
from 5eV to 30eV, the ion at m/z 127 with the maximum abun-
dance and its optimal CID energy at 10 eV was regarded as the best
choice for inclusion in the database (Fig. 1e). The obtained optimal
CID energy was included in the database as an important parame-
ter for the GC-MS? measurement in order to achieve the greatest
possible sensitivity. Finally, all three selected ions were identified
by their chemical formula, and the exact masses of them were cal-
culated and used to create the database. In some cases, retention
time or exact ion masses of one pesticide in the database would
match other pesticides. However, by expanding to four criteria of
retention time, a characteristic ion, a precursor ion, and its product
ion for each pesticide, it is possible to completely distinguish one
from another.

3.2. Workflow of the database

GC-QTOF MS is selected as the analytic instrument for the appli-
cation of the database in the workflow because it combines the
high resolution of TOF analyzer with the capability to perform MS!
(GC-TOF mode) and MS? experiments (GC-QTOF mode). Thus, it
is possible to acquire full scan spectra of MS! and MS?2 with accu-
rate mass, which drastically increases the selectivity of the method
due to the high amount and quality of the structural information
produced. Fig. 2 illustrates the whole workflow of database in two
steps. Step one is GC-MS! measurement in GC-TOF mode and “MS!
screening” for possible pesticides by chemical formula match. Soft-
ware named “Compounds Find by Formula Match” is applied to
post-run analysis of a GC-MS! file measured in a full scan mode.
Both the retention time and exact mass of the characteristic ion
from the database are used to determine the pesticide match. In
addition, the spacing and relative abundance of the ion’s isotope
detected are also considered to estimate the accuracy of the match.
After the search, all matched compounds are listed in one table
called “Compound List” and their extracted ion chromatograms
with the average spectra can be generated. Search criteria are spec-
ified in two key options including mass tolerance and retention
time window. Depending on the precision of retention time, the
retention window would be set to 0.1 min or less. However, the
matrix effect could cause retention time shifting [29]. As an extreme
example, by our estimation, the retention time of methamidophos
in the celery matrix was shifted 0.18 +0.05 min in six replicates
compared with the calibration standard. Considering the effect
induced by the different matrix, the retention time window was
optimized to 0.25 min to avoid a false negative on the screening.
The mass tolerance was optimized to 5 mDa. Although the TOF MS
had been well calculated for high resolution and mass accuracy
before measurements, some factors known as dead time of detec-
tor and abundance of ions, could affect measurement accuracy and
cause mass error [30]. Thus, the mass tolerance could not be set as
expected (normally <5 ppm), or some target pesticides would be
missed. Signal-to-noise ratio (S/N) here was calculated as the peak
height from the extracted ion chromatogram of each characteristic
ion to the background noise. Noise here was measured “peak-to-
peak” from the highest to the lowest intensity over two ranges
of 0.1 min before peak start and after peak end. All compounds
satisfying S/N > 3 would be viewed as the proposed pesticides for
the further verification in the second step. Step two was GC-MS2
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Fig. 1. (a) Mass spectrum of triadimefon at 200 ppb, showing the characteristic ion at m/z 57 (low m/z) with the highest abundance and the precursor ion at m/z 208 (higher
m/z) with a lesser abundance. (b) CID mass spectrum of the precursor ion at m/z 208 at the energy of 10 eV, showing the most abundant ion at m/z 127. (c) CID mass spectrum
of the precursor ion at m/z 208 at the energy of 20 eV, showing the most abundant ion at m/z 111. (d) CID mass spectrum of the precursor ion at m/z 208 at the energy of
30eV, showing the most abundant ion at m/z 99 and the ion at m/z 127 nearly disappearing. (e) Plot of the maximum abundance versus the collision energy in the range of

5-30eV for the ions at m/z 127, 111 and 99.

measurement in GC-QTOF mode and “MS? identification” for
structural confirmation of product ion. All proposed pesticides in
“Compound List” were acquired MS? data in one analytical run
using a targeted MS? mode specified in the retention time and
retention time window. The precursor ions with corresponding
optimal collision energies were referred to the database. The win-
dows of retention time were unified to a 0.3 min time length and
the acquired times were optimized to 100 ms/spectrum to give the
best sensitivity for all pesticides in one run. In post-run analysis, an
exact ion chromatogram of GC-MS? was extracted for each prod-
uct ion to generate an average spectrum, which was then utilized
to perform the mass match of the product ion in the database. The

tolerance for accurate mass extraction was limited to within 5 mDa
range.

3.3. Qualitative validation of the database

Because the main purpose of the qualitative screening was to
distinguish between negative and positive samples at a determined
level, the method proposed here would be considered satisfactorily
validated at a certain concentration level only when the target ion
was detected and correctly identified based on the matrix-spiked
samples tested, regardless of their recovery rate and precision.
One spinach sample was spiked with 50 test pesticides (Table 1)
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Fig. 2. Workflow of the database.
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Table 1
Information of 50 test pesticides and their measured mass errors in “MS? identification”.
Pesticide MS' screening MS? identification
RT (min) Characteristic ion (m/z) Precursor-product ions (m/z) LOD (ppb) Measured mass error (mDa)
Etridiazole 6.74 210.9494 210.9494-182.9181 1 0.5
Chlorpropham 8.86 127.0183 127.0183-65.0386 5 -0.1
Propoxur 8.90 110.0362 110.0362-64.0308 1 -1
Cadusafos 9.08 158.9698 158.9698-96.9508 1 -0.6
Ethoxyquin 9.97 202.1226 202.1226-174.0913 1 -2.2
Pronamide 10.39 172.9555 172.9555-144.9606 1 -0.5
Diazinon 10.48 137.0709 137.0709-84.0444 2 -0.4
Dinitramine 10.77 305.0856 305.0856-261.0594 20 -1.8
Simazine 10.80 201.0776 201.0776-173.0463 1 -1.6
Carbofuran 11.23 164.0832 164.0832-149.0597 5 0.5
Pentachlorobenzonitrile 11.34 272.8468 272.8468-237.8779 2 1.9
Vinclozolin 12.17 186.9586 186.9586-123.9949 5 -0.1
Pirimicarb 12.17 166.0975 166.0975-96.0444 2 -04
delta-BHC 12.73 180.9373 180.9373-144.9606 2 -14
Propanil 12.81 160.9794 160.9794-98.9996 2 -0.1
Tolclofos-methyl 13.00 264.9850 264.9850-249.9613 1 1.2
Ametryn 13.02 227.1199 227.1199-58.0651 5 0.8
Parathion-methyl 13.13 109.0049 109.0049-78.9943 10 0.1
Diethofencarb 13.58 151.0264 151.0264-123.0315 5 1.9
Dacthal 13.61 298.8831 298.8831-220.8958 2 -1.2
Chlorpyrifos 13.66 96.9508 313.9569-257.8943 5 -1.6
Dichlofluanid 13.88 123.0137 123.0137-77.0386 10 0.3
Pirimiphos-ethyl 13.94 180.1131 180.1131-152.0818 10 1.7
Fenthion 14.31 278.0195 278.0195-109.0049 5 -1.2
o, p-Dicofol 14.49 138.9945 138.9945-110.9996 2 1
Isocarbophos 14.78 120.0206 120.0206-92.0257 5 -1.5
Procymidone 15.44 283.0161 283.0161-96.0570 2 -0.8
trans-Chlordane 15.51 370.8284 370.8284-263.9062 5 =21
cis-Chlordane 15.81 370.8284 370.8284-263.9062 5 1.5
Hexaconazole 16.43 82.0400 213.9947-158.9763 10 -15
p, p'-DDE 16.58 245.9998 245.9998-176.0621 1 0.8
Oxyfluorfen 16.63 252.0393 252.0393-224.0444 20 1.6
Buprofezin 16.72 105.0573 105.0573-77.0386 20 -0.9
Bupirimate 17.13 208.1444 208.1444-165.1022 10 -1.7
Isoprothiolane 17.77 117.9905 117.9905-89.9592 5 -04
Endrin 17.81 260.8594 260.8594-190.9217 10 1.1
o, p’-DDT 18.05 235.0076 235.0076-165.0699 1 -0.6
Endosulfan II 18.69 234.8437 234.8437-140.9060 10 1.7
Tris(2-butoxyethyl) phosphate 18.83 85.0648 124.9998-98.9842 5 -0.1
p, p’-DDT 19.26 235.0076 235.0076-165.0699 1 -1.7
Quinoxyfen 19.36 237.0584 237.0584-208.0557 5 23
Triazophos 19.87 162.0662 162.0662-134.0475 2 14
Fenpropathrin 20.76 181.0648 181.0648-152.0621 10 1.1
Tebufenpyrad 20.85 171.0320 171.0320-87.9949 5 -1.3
Bifenazate 21.69 152.0621 152.0621-150.0464 50 -0.1
Phosmet 22.35 160.0393 160.0393-77.0386 1 -1.5
trans-Permethrin 23.83 183.0804 183.0804-153.0699 2 0
Fluquinconazole 2493 340.0396 340.0396-298.0178 5 -0.4
Boscalid 26.73 139.9898 139.9898-111.9949 0.5 -1.7
Difenoconazole 28.86 264.9818 264.9818-202.0180 10 -0.4
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Fig. 4. (a) Multi-extracted ion chromatogram of the spiked sample at 5 ppb using the software “Find Compounds by Formula Match”, showing that all 50 test pesticides
were found and the signal of each pesticide met with S/N > 3. (b) Average first-stage mass spectrum of peak at 12.73 min (delta-BHC), showing the characteristic ion at m/z
180.9378 and its isotope pattern. Compared with its theoretic value at m/z 180.9373 and isotope pattern in red, all ions were matched well with the spacing and relative
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at seven concentrations of 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, and 10 ppb,
analyzed in two replicates together with their respective blanks
according to the described procedures and submitted to a search in
the database. No signals of such pesticides were obtained from the
analyses of the reagent blank and spinach matrix blank, indicating
that these materials were free of the 50 test pesticides. The limit
of identification (LOI) was established as the lowest concentration
for all test pesticides found in “MS! screening”. The limit of detec-
tion (LOD) was established as the lowest concentration that the
analytical process could differentiate from the background level
with S/N> 3. The capacity of “MS! screening” was defined by its
screening efficiency (SE) which was the percentage of pesticides
found out of the total pesticides tested. As shown in Fig. 3, SE was
44% at 0.1 ppb but increased to 88% at 0.5 ppb, and reached 100%
at 5 ppb, which was the estimated LOI in this case. Following the
“MS! screening”, the proposed pesticides entered the “MS?2 iden-
tification” step and the mass errors of corresponding product ions
were calculated. The result showed each product ion was identi-
fied successfully with the mass error below 2.5 mDa. LODs of the
test pesticides in the “MS? identification” step were investigated
using the spinach sample spiked at concentrations between 0.1 and
100 ppb. All identified pesticides had concentrations of 10 ppb or
below, except dinitramine, oxyfluorfen, buprofezin, and bifenazate
(Table 1).

There are four ways to evaluate the efficiency of a database for
screening pesticide residues, which include sensitivity, accuracy,
selectivity and specificity [31]. In the screening, the narrow win-
dows of retention time and mass combined with the exact masses
of multi-class characteristic ions in the database improved the high
sensitivity and accuracy. Fig. 4a presents a multi-extracted ion
chromatogram of the spiked sample at 5 ppb after “MS! screening”,
showing LODs of all test pesticides in MS! at 5 ppb or below. Fig. 4b
shows the result of search procedure for the peak at 12.73 min in
the chromatogram of Fig. 4a, which was identified as delta-BHC.
This compound was well matched using the theoretic characteris-
tic ion at m/z 180.9373 with the spacing and relative abundance of
its isotopes. In addition, the pair of precursor-product ions at m/z
180.9373-144.9606 further supported the structure of this com-
pound (Fig. 4c). Selectivity and specificity here were supported
by the high separation efficiency of GC and the high resolution
of QTOF MS. For example, chlorothalonil and tolclofol-methyl had
close retention times and exact masses of characteristic/precursor
ions (chlorothalonil: retention time at 12.86 min and ion at m/z
263.8810; tolclofol-methyl: retention time at 12.99 min and ion at
m/z 264.9850). As shown in Fig. 5a, they were separated due to the
combination of GC separation and exact ion extraction from the
total ion chromatography in GC-MS!, although the difference of
their retention times and accurate ion masses was as narrow as
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Fig. 5. (a) Multi-extracted ion chromatogram of chlorothalonil at m/z 263.8810 and tolclofol-methyl at m/z 264.9850 in GC-MS'. The corresponding chemical structures
were shown inside. (b) Multi-extracted ion chromatogram of chlorothalonil at m/z 228.9122 (precursor ion at m/z 263.8810) and tolclofol-methyl at m/z 249.9613 (precursor
ion at m/z 264.9850) in GC-MS?2. (c) Average accuracy MS? spectrum of chlorothalonil peaked at 12.86 min, showing that the measured mass error of the product ion at m/z
228.9122 was 1.9 mDa in red block. (d) Average accuracy MS? spectrum of tolclofol-methyl peaked at 13.00 min, showing that the measured mass error of the product ion
at m/z 249.9613 was 0.1 mDa in red block. (For interpretation of the references to color in figure legend, the reader is referred to the web version of the article.)

0.13 min and as small as 0.1040 Da. Similarly, in Fig. 5b-d, these
two pesticides were also separated and accurately identified due
to the exact masses of product ions in GC-MS? and the accurate
masses of product ions with measured errors of less than 2.5 mDa.
In another case where o, p’-DDT and p, p’-DDT had the same for-
mula of characteristic ion at m/z 235.0076, or where vinclozolin
and pirimicarb had the same retention times at 12.17 min, good
results were obtained thanks to the use of the four identification
criteria. We could not find the most challenging case where two
pesticide compounds share the same retention times and masses
of characteristic ions. However, it is predicted that their paired
precursor-product ions would be most useful in achieving separate
identifications of each (optical-isomers excluded).

3.4. Application to real vegetables

Four fresh celery, rape, scallion and spinach vegetables were
collected from a local market. The vegetables were pretreated first

according to the Chinese Official Standard Method [32]. Subse-
quently, a proved extraction and clean-up method for the volatile
and semi-volatile pesticides was utilized for the volatile and semi-
volatile pesticides [33]. In this method, solid phase extraction was
applied for the clean-up, which has been universally adopted for
modern residue analysis of non-fatty samples. The optimal con-
ditions for extraction based on the references could meet the
demand of this study. After extraction and clean-up, each sam-
ple was analyzed following the workflow steps. Table 2 and Fig. 6
show that a total of 13 pesticides were found in the four fresh
vegetables, with 11 in celery, 9 in rape, 3 in scallion and 2 in
spinach. Among them, isofenphos-methyl peaked at 20.18 min, a
common phosphoramidothioate pesticide residue, was found in
all four vegetables. Compared with celery and rape, scallion and
spinach had less amounts of pesticide residues. Considering the
vegetable processing environment, the same pesticide residues in
trace amounts remaining in different vegetables might be results
of environmental pollution.
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Table 2
The pesticide residues in fresh celery, rape, scallion and spinach vegetables.

Pesticide MS! screening

MS? identification

RT (min) Characteristic ion (m/z) Precursor-product ions (m/z) Measured mass error (mDa)
Methamidophos 5.43 94.0052 141.0008-95.0131 0.4, —0.4"
Acephate 7.31 136.0158 136.0158-94.0052 —0.7¢¢, —0.3™
Isoprocarb 7.38 121.0648 121.0648-77.0386 0.1¢¢
cis-1,2,3,6-Tetrahydrophthalimide 8.02 79.0542 151.0625-80.0621 —1.1¢¢
Diphenylamine 9.06 169.0886 169.0886-167.0730 0.8¢¢, 0.9
Omethoate 9.47 110.0127 110.0127-78.9943 —0.1%, —0.3
Dicrotophos 9.99 127.0155 127.0155-109.0049 —0.9¢, 0.6
Monocrotophos 10.52 127.0155 127.0155-109.0049 —-0.1¢, —0.6™
Isocarbamid 11.95 142.0611 142.0611-70.0287 —0.2¢, —0.2"
Chlorpyrifos-methyl 12.61 285.9256 285.9256-93.0100 0.8%¢, —0.5%°
Tetraconazole 13.93 336.0521 336.0521-218.0480 —0.2¢,1.0m
Endosulfan sulfate 20.08 269.8126 269.8126-234.8437 —1.0%¢
Isofenphos-methyl 20.18 121.0284 121.0284-65.0386 —1.2¢¢,-0.9", —0.6°¢, 0P

ce: found in celery; ra: found in rape; sc: found in water scallion, sp: found in spinach.
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Fig. 6. Multi-extracted ion chromatogram of pesticide residues in fresh celery, rape, scallion and spinach showing that identified pesticides with 11 in celery, 9 in rape, 3 in

scallion and 2 in spinach. Each pesticide met S/N > 3.

4. Conclusion

An exact mass database and GC-QTOF MS were combined
for the monitoring of pesticides remaining in vegetables. In the
database, retention time, a single characteristic ion and an ion
pair (precursor-product ions) selected from MS! and MS? spec-
tra were included for the rapid screening and the identification
of the pesticides. GC coupled with tandem high-resolution QTOF
MS provided a powerful analytical method for the identification of
the pesticides and increased the selectivity of the determination.
The efficiency of the method was demonstrated by the lowest con-
centration (LOI) at 5 ppb to identify all test pesticides by using the
“MS! screening” step and mass errors of less than 2.5 mDa by using
the “MS? identification” step, which indicated its high sensitivity,
accuracy, selectivity and specificity. Further work is in progress to
find a more universal parameter to replace the retention time in
the database, which varies with the chromatographic conditions.
Success in finding this replacement would significantly improve
the application universality of this screening and identification
method.
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Identification of drug targets by chemogenomic and

metabolomic profiling in yeast

Manhong Wu?, Ming Zheng? Weiruo Zhang®, Sundari Suresh®,
Ulrich Schlecht®, William L. Fitch?, Sofia Aronova®, Stephan Baumann®,
Ronald Davis®, Robert St.Onge®, David L. Dill® and Gary Peltz?

Objective To advance our understanding of disease
biology, the characterization of the molecular target

for clinically proven or new drugs is very important.
Because of its simplicity and the availability of strains
with individual deletions in all of its genes, chemogenomic
profiling in yeast has been used to identify drug
targets. As measurement of drug-induced changes

in cellular metabolites can yield considerable
information about the effects of a drug, we investigated
whether combining chemogenomic and metabolomic
profiling in yeast could improve the characterization

of drug targets.

Basic methods We used chemogenomic and
metabolomic profiling in yeast to characterize the target for
five drugs acting on two biologically important pathways. A
novel computational method that uses a curated metabolic
network was also developed, and it was used to identify the
genes that are likely to be responsible for the metabolomic
differences found.

Introduction

The diploid yeast collections contain ~6000 hetero-
zygous gene deletion strains and ~ 5000 homozygous
gene deletion strains. A reduction in the copy number of
a gene within a pathway affected by a drug increases
the sensitivity of a heterozygous deletion strain to the
growth-inhibitory effect of the drug [1]. A chemical
genomics assay was developed to exploit this effect for
the characterization of drug targets; the effect of a test
drug on the competitive growth of a complete collection
of bar-coded heterozygous vyeast deletion strains is
measured in a single culture [2]. This method, and
related approaches using homozygous deletion strains,
was used to characterize the targets for multiple drugs
and chemicals [2-5]. However, a reduction in the copy
number of genes other than the actual drug target could
also alter the sensitivity of deletion strains, and this could
confound efforts to identify the specific drug target by
this method.
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Results and conclusion The combination of metabolomic
and chemogenomic profiling, along with data analyses
carried out using a novel computational method, could
robustly identify the enzymes targeted by five drugs.
Moreover, this novel computational method has the potential
to identify genes that are causative of metabolomic
differences or drug targets. Pharmacogenetics and
Genomics 22:877-886 © 2012 Wolters Kluwer Health |
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Metabolomic studies have been carried out in yeast [6],
but relatively few metabolomic studies have analyzed
yeast gene deletion strains [7]. We investigated whether
drug targets could be determined by coupling chemo-
genomic profiling with metabolomic analysis of drug
responses in yeast. The extreme differences in physico-
chemical properties make it impossible to accurately
measure changes in all cellular metabolites using a single
extraction or analytic method. It is not even possible to
dissolve all types of metabolites into a single solvent, and
there is a very wide range of cellular metabolite
concentrations, ranging from millimolar concentrations of
triglycerides to subpicomolar levels of signaling molecules.
Liquid (LC/MS) [8] or gas (GC/MS) [9] chromatography
coupled with mass spectroscopy have become the
standard platforms for metabolomic analysis. Although
each platform can analyze a large number of metabolites,
there are limitations on the number of metabolites that
can be profiled reliably with a single analytic method.
Therefore, to identify the cellular targets for bioactive
compounds, we used chemogenomic profiling to inform
targeted metabolomic profiling. Specifically, two different
methods were used to profile drug-induced metabolomic
changes in biosynthetic pathways that were identified
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by chemogenomic profiling. A recently developed dansyl
[5-(dimethylamino)-1-napthalene sulfonamide] derivati-
zation method [10] was coupled with LC/MS analysis to
analyze drug-induced changes in metabolites with primary
or secondary amines (and some other reactive groups).
Dansylation increases metabolite detection sensitivity by
10-1000-fold, and improves metabolite retention and
separation on reversed-phase columns [10]. In addition,
trimethylsilyl derivatization and GC/MS [11] analysis
were used to profile drug-induced metabolite changes
in the yeast ergosterol biosynthesis pathway. Ergosterol in
yeast is the functional equivalent of cholesterol in
mammalian cells; multiple antifungal agents target this
biosynthetic pathway [12].

Methods

Chemicals

Individual amino acids, a mixture of amino acid standards
(LAA21), dansyl chloride, and sodium decahydrate, were
purchased from Sigma-Aldrich (St Louis, Missouri, USA).
HPLC grade acetonitrile and water were purchased from
Honeywell Burdick and Jackson (Morristown, New Jersey,
USA), and LC/MS grade formic acid were from ProteoChem
Inc. (Denver, Colorado, USA). Mebhydrolin (mebhydrolin
1,5-naphthalenedisulfonate salt; M5279-1G), fluconazole
(M5279-1G), and totarol (532657-100MG) were purchased
from Sigma-Aldrich. Harmine (286044-1G) was purchased
from Sigma-Aldrich. Terbinafine (SRP01197t) was pur-
chased from Sequoia Research Products (Pangbourne, UK).

Chemogenomic screening protocol and data analysis
Chemogenomic profiling of yeast deletion strains was
carried out as described previously [4]. Briefly, yeast pools
were grown in the presence of chemical inhibitor at
concentrations that inhibited the growth of a wild-type
strain by ~10-20%. The homozygous pool (~ 5000
strains representing nonessential genes) and heterozy-
gous pool (~ 1100 strains representing genes essential for
viability) were grown in YPD + 25 mmol/l HEPES (pH
adjusted to 6.8) for 5 and 20 generations, respectively.
Genomic DNA extraction, PCR amplification of mole-
cular tags, and Genflex tagl6k array (Affymetrix, Santa
Clara, California, USA) hybridization, washing, and
scanning were carried out as described previously [4,13]
Chemogenomic data were analyzed as described pre-
viously [4,13]. Briefly, quantile-normalized fluorescence
values for ecach tag were log, transformed, and then
z-scores were calculated as follows: Tag z-score = [(average
of controls) — (experimental value)]/(SD of controls),
where controls are 12 DMSO-treated samples. Each strain
contains two molecular tags, and the final z-score is the
average of the two scores associated with that strain.

Yeast growth assays

Isogenic cultures (100 pl) of yeast deletion strains were
inoculated at a concentration of 0.01 ODgpo/ml and grown
in 96-well microtiter plates at 30°C. Optical density was

measured every 15 min over the course of several hours
(as indicated in graphs) using a GENios microplate reader
(Tecan, Mannedorf, Switzerland). The growth rate of each
culture was then determined as the average doubling time
(AvgG) by recording the time (As) from the start of
growth until the optical density of the culture reached the
calibrated five-generation point and dividing this by the
number of generations (i.e. five). We quantified the effect
of drug on each strain (relative growth) by dividing AvgG
at each concentration tested by AvgG at a noninhibitory
concentration of the compound (1.472, 0.098, and
0.071 pumol/l for totarol, harmine, and mebhydrolin,
respectively).

Yeast cell preparation

"The Saccharomyces cerevisiae strain, BY4743, was inoculated
into 50ml of YPD media (10g/l yeast extract, 20g/l
peptone, and 20 g/l dextrose, supplemented with 25 mmol/
1 HEPES; pH 6.8) and grown to saturation overnight at
30°C. Cells were then diluted to 0.25 ODggo/ml in 50 ml of
fresh media. To these cultures, DMSO was added to a final
concentration of 1% or a chemical inhibitor was added
at concentrations predetermined to inhibit growth by
~10-20%. Cultures were grown for ~4h at 30°C, at
which point a concentration of ~1ODggo/ml was reached.
Six 5ml aliquots of each culture were collected by
centrifugation at 3000 rpm for 5 min. Supernatants were
removed and each cell pellet was washed with 5 ml of PBS.
Samples were centrifuged as above, the supernatant of
each sample was carefully removed, and cell pellets were
frozen at —80°C until further use.

Metabolite extraction

Yeast pellets were homogenized in PBS buffer with
0.5 mg of 0.5 mm glass beads in a tube by vortexing for a
total of 6 min, and the tubes were returned to the ice
bath every 2 min for recooling. The homogenized mixture
was extracted using the Folch method [14]. The upper
aqueous layers of the chloroform: methanol: water
mixture, which contained the polar metabolites extracted
from the yeast cell pellet, were removed and dried
in a Speedvac (Thermo Scientific, Waltham, Massachu-
setts, USA). The dried extract was then resuspended
in water.

Dansylation

Dansylation was carried out using a modification of the
procedures developed by Guo and Li [10]. A volume of
50 ul of the polar metabolites were dissolved in 0.1 mol/l
sodium tetraborate buffer, and then combined with 50 pl
of 20 mmol/l dansyl chloride and vortexed. The mixture
was incubated at room temperature for 30 min before the
addition of 50 pl of 0.5% formic acid to stop the reaction.
The supernatant of the reaction mixture was then placed
in an autosampler vial.
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LC/MS analysis

All samples were analyzed on an Agilent Technologies
Inc. (Santa Clara, California, USA) accurate mass Q-TOF
6520 coupled with an Agilent UHPLC infinity 1290
system. The chromatography runs were carried out using
a Phenomenex (Torrance, California, USA) Kinetex
reversed-phase C18 Coolumn (dimension 2.1 x 100 mm,
2.6 mm particles, 100 A pore size). Solvent A was HPLC
water with 0.1% formic acid and solvent B was LLC/MS
grade acetonitrile with 0.1% formic acid. A 30-min
gradient at 0.5ml/min was as follows: 7= 0.5min, 5%
solvent B; #=20.5min, 60% solvent B; 7= 25 min, 95%
solvent B; and # = 30 min, 95% solvent B. The column was
equilibrated at 5% solvent B for 5min. All data were
acquired by positive ESI (electrospray ionization) using
Masshunter acquisition software (Agilent Technologies
Inc.). Molecular feature extraction on all data was carried
out using Masshunter qualitative software. Six indepen-
dently prepared extracts were analyzed for each yeast
strain, and 700-900 different ion features were identified
in each extract. The metabolite abundance, which is
a measure of the metabolite concentration in an extract,
was determined using Agilent Masshunter software,
which integrates the peak area for the indicated
metabolite on the extracted ion chromatogram for each
sample.

GC/MS analysis

The trimethylsilyl-derivatized sterols were analyzed using
a 7890GC/7200 Q-TOF instrument (Agilent Technologies
Inc.). The samples were analyzed on an HP-5ms Ul
(Agilent Technologies Inc.), 30m x 0.25 mm x 0.25 mm,
with 1 pl injection, a split 20: 1, and a column flow rate of
1.0ml/min. The split/splitless inlet temperature was
250°C, transfer line was 290°C, source temperature was
230°C, and quad temperature was 150°C. The oven ramp
was programmed to maintain the temperature at 60°C for
1 min, increase at 10°C/min to 325°C, and then held for
3.5min. The scan range was 50-600amu, and the speed
was 5Hz. The data were acquired using Masshunter
acquisition software. The key ergosterol pathway inter-
mediates were identified by searching against a unit mass
resolution retention time locked metabolite library [15].
Chromatographic peak deconvolution and quantification
were carried out using Masshunter software.

Statistical analyses

For the targeted analysis of metabolites in the ergosterol
pathways (Supplemental digital content, Table S1, Azp.//
links.low.com/FPCJIA529) and in the yeast arglA, arg3A,
arg4A, and arg7A gene deletion strains (Supplemental
digital content, Table S2, /Attp://links.tww.com/FPC/A530),
the individual chromatograms of metabolites with abun-
dances that were below the detection limit (BDL) were
inspected manually to ensure that the metabolite was not
present in the sample. If so, the abundance of these
metabolites was set to 0 (on the log scale) and a standard
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two-sample two-sided #-test was used to identify
metabolites with a significant differential abundance
between all of the control and the drug-treated (or gene
deletion) extracts on the log scale. The raw P values from
the 7-test were then adjusted for multiple testing [16].

All metabolites that were present in more than one
sample were analyzed when the wild-type and deletion
(ARG4, ARGS5,6, or ARGS) strains were analyzed in the
presence or absence of mebhydrolin [Supplemental
digital content, Tables S3 (fup://links.low.com/FPCIA531)
and S4 (hetp://links.fww.com/FPC/A532)]. For this analysis,
the minimum threshold abundance was empirically set to
1000. If a metabolite was not detected in a sample (i.e. its
abundance was below the threshold), it was assumed that
its true abundance was uniformly located between 0 and
1000, and its abundance in that sample was assumed to
be one-half of the threshold value. It then had an SD:
(lower detection limit)/sqrt(12). When the SEM of the
metabolite abundance was estimated from the variance in
the data, this amount of variation was added to the
formula to account for the uncertainty introduced by the
estimation of this value. Therefore, the SEM reported in
Supplemental digital content, Table S3 (fzp://links.low.
com/FPC/A531) was larger than the SEM estimation
obtained by artificially setting all BDL values as equal
to half of the lower detection limit. When the statistical
significance of these differences was evaluated,
a nonparametric Wilcoxon’s rank-sum test was used to
avoid the artifact induced by the BDL observations.
Using this method, all BDL values were treated as equal
to each other and smaller than those values that were
above the detection limit. The raw P values from
Wilcoxon’s test were then adjusted for multiple test-
ing [16]. It is noteworthy that 12 samples were analyzed
for each comparison of metabolite levels in wild-type
yeast versus a deletion strain. For each analyzed
metabolite, usually all samples (but at least nine of the
12 analyzed samples) for each condition had detectable
levels of the analyzed metabolite; the only exception was
N-acetylornithine levels in the Arg5,6 deletion strain,
which was BDL for obvious reasons.

Principal component analysis (PCA) was used to deter-
mine the pattern of metabolite changes in an unbiased
and unsupervised manner. For this analysis, the BDL
observations were treated as described above and the data
were then subjected to a logjg-based transformation, and
PCA [17] was used to display the data. All analyses were
carried out using R (#tp:/fwww.r-project.org).

Metabolomic network analysis

A curated (YeastCyc) metabolic pathway database that
covers 947 reactions and 694 chemical species is used to
analyze yeast metabolomic datasets [18]. The analysis
algorithm constructs a table that predicts, for each
enzyme-encoding gene and each metabolite in the yeast
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metabolic database, whether a decrease in the activity of
an enzyme would increase or decrease the concentration
of a metabolite. (As many factors are not modeled in the
available metabolic networks, not all of these predictions
will be correct. However, our testing indicates that the
results are valid most of the time.) The analysis assumes
that the flux of metabolites through a network is constant
and that the concentrations of metabolites will change to
partially counteract the effects of altering the activity of
an enzyme, either because of reversible reactions or
through regulation of the network. Suppose that only the
activity of a single enzyme differs between two samples,
and that the enzyme activity is lower in the second
sample. The concentrations of the reactants for the
reaction catalyzed by that enzyme reaction will be reliably
greater in the second sample, and the concentrations of
products will be less. Consider a reactant A whose
concentration is increased in the second sample. Other
reactions that consume that reactant could increase in
velocity, partially consuming reactant A, and reactions
that produce A could decrease in velocity to produce less
of it. These changes will alter the concentrations of other
substrates of those reactions, and these changes will
propagate through additional reactions.

These considerations are used to predict the changes in
metabolite concentrations that would occur if an allelic
effect (or if an inhibitor or another factor) reduced the
activity of each enzyme in the network. Initially, the
algorithm predicts that the reactants of the reaction
associated with that enzyme increase and the products
decrease. It then iteratively propagates the predictions of
increased and decreased metabolites through the reaction
network. When evaluating the propagation of changes in
metabolite concentrations across a network, it is possible
that the reactant and product concentrations may be
altered in conflicting directions. To cope with this,
increases and decreases in metabolite concentrations are
propagated separately, and the algorithm assigns to each
predicted change a ‘reliability’ factor that is between 0 and
1, which heuristically represents our confidence in the
prediction. More precisely, the algorithm separately
calculates the reliabilities for predictions on the basis of
increased and decreased metabolite concentrations. Dur-
ing iterative propagation, the algorithm maintains a queue
of recent updates that have not yet been propagated
through reactions. For each iteration, it removes the
update from the queue with maximum reliability, and
propagates it through all directly connected reactions to
update the concentrations of other metabolites. This is
repeated until the queue of updates is empty or the
reliability of the updates falls below a specified threshold,
at which point the algorithm terminates.

To propagate a change through a reaction, let the
metabolite be 7 and the reliability of the metabolite
change be 7. All propagated changes will have reliability

rld, where 4 is the number of reactions that have m as
a substrate, on the basis of the reasoning that changes to
metabolites involved in many reactions will be diffused
by being distributed among those reactions. Hence,
changes in the concentration of metabolites such as
glucose, which are involved in many reactions, will have
lower reliabilities than changes to metabolites that are
substrates of very few reactions. Metabolites with degrees
of 50 or more are ignored. Without loss of generality,
assume that » is a product of a reaction, and that the
change in m is an increase. Then, decreases will be
propagated for all reaction products and increases will
be propagated for all reactants. A change will only be
propagated further if the previously computed reliability
was less than 7/4. The other cases, where m is a reactant
of the reaction or where 7 decreases, are treated similarly.

After propagation terminates, each metabolite will usually
have predictions for both increases and decreases. The
next step of the algorithm chooses a direction of change
by picking whichever has the greatest reliability, and
the change is given that reliability, and the reliabilities of
decreases are multiplied by — 1. If a metabolite has equal
reliabilities for increases and decreases, it is assigned
a reliability of 0, which is effectively ‘no prediction’. By
repeating the above computation for each gene that codes
for an enzyme, a prediction table is constructed with
genes as rows and metabolites as columns. Each row
consists of the predictions computed for the reaction
controlled by the enzyme coded by that gene. Given a list
of measured fold changes for metabolites in different
samples, this table is used to calculate a score and rank
the genes that are most likely to explain the differences.

The scoring function, which measures the match
between the measured and the predicted differences
for each analyzed reaction, is calculated as follows:
Z;}f:]rm log, %, /ym, where M is the number of metabo-
lites and x,, and y,, are the measured concentrations of
metabolite 7 in the first and the second samples,
respectively. This scoring formula rewards predictions
whose direction matches the measured differences and
penalizes predictions that oppose the measured differ-
ences. Predictions with high reliability and large mea-
sured fold changes contribute more toward the score than
those with lower reliability and smaller fold changes. The
reactions are sorted by decreasing scores for presentation.
Genes are then ranked in descending order of their
scores.

Results

Metabolomic profiling of drugs that are known to inhibit
ergosterol biosynthesis

"To determine whether the measurement of drug-induced
metabolomic changes in yeast could identify the known
target for a drug, we examined the changes in the
abundance of metabolites in the ergosterol biosynthetic
pathway in wild-type yeast cultures after incubation with
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A simplified diagram of the yeast ergosterol pathway from squalene to ergosterol. The boxes represent the seven metabolites that were measured
in this study, and the enzymes are listed above each step. The red and blue arrows indicate the targets that were identified by chemogenomic and
metabolomic profiling, respectively, for each of the indicated drugs. The insets below each metabolite show the logarithm of the fold-change (relative
to control) in the abundance of that metabolite in wild-type yeast after incubation with the drug that is indicated by the corresponding colored bar.

Flu, fluconazole; Harm, harmine; Terb, terbinafine.

fluconazole, which is an azole antifungal that is known to
inhibit yeast lanosterol 14-a-demethylase (ERG11) [19].
This enzyme is a P450 monooxygenase that catalyzes a
critical step in the ergosterol biosynthesis pathway [20]
(Fig. 1). Previously obtained chemogenomic profiling results
indicated that fluconazole inhibits ERG11 [4]. Therefore,
wild-type yeast cultures were incubated with a fluconazole
concentration (70 umol/l for 6 h) that induced a 10% growth
inhibition. The abundance of ergosterol pathway metabolites
in control and fluconazole-treated cultures was then com-
pared. Fluconazole induced a significant increase in squalene
(three-fold, P=1.3x10™) and lanosterol (14-fold, P =
3% 1077) abundance, and significant decreases (~ 30-fold)
in multiple other downstream ergosterol biosynthesis path-
way metabolites, including 4,4-dimemethyl-5a-cholesta-
8,14,24-trien-3B-ol, 4,4-dimethyl-5a-cholesta-8,24-dien-3-ol,
and zymosterol (Supplemental digital content, Table S1,
hetp:/llinks.low.com/FPCIA529). These metabolomic changes

are consistent with its known ability to inhibit ERG11
(Fig. 1).

The same analysis was also carried out on yeast cultures
incubated with terbinafine, an allylamine antifungal agent
that inhibits an earlier step in the ergosterol biosynthesis
pathway (reviewed in [12]). Previously obtained chemo-
genomic profiling results indicated that the growth of
ERG1 haploinsufficient strains was specifically inhibited
by terbinafine [3]. Consistent with it having a different
site of action than fluconazole, terbinafine induced a
different pattern of metabolomic alterations. Terbinafine
(20 pmol/l) caused an 84.3-fold increase (P value =3
x107%) in squalene abundance and an 87.6-fold
P=6x 10™) decrease in lanosterol abundance, along
with an ~30-fold decrease in the abundance of multiple
other downstream metabolites (Supplemental digital con-
tent, Table S1, &up://links.lww.com/FPC/A529). This pattern
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Fig. 2
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Chemogenomic profiling identifies novel inhibitors of the yeast ergosterol pathway. The chemical structures of totarol, harmine, and mebhydrolin are
shown on the left. (a and b) The sensitivity of 1147 yeast heterozygous deletion strains (representing the essential yeast genome) was measured in
the presence of totarol or harmine, respectively. The sensitivity of each deletion strain to the compound is plotted on the y-axis and the heterozygous
deletion strains are arranged alphabetically on the x-axis. The most sensitive heterozygous strains in each experiment are labeled. Erg26 is identified
as the potential target of totarol and Erg7 as the potential target of harmine. (c) The sensitivity of 4886 homozygous deletion strains was measured in
the presence of mebhydrolin. A strain carrying deletions in the CANT gene (encoding an arginine permease) was identified as the strain most

sensitive to mebhydrolin.

of metabolomic changes indicates that terbinafine inhibits
squalene epoxidase (ERG1) (Fig. 1), which is consistent
with the chemogenomic profiling results.

Chemogenomic and metabolomic profiling of two com-
pounds, totarol and harmine, whose mechanism of action
has not been characterized previously, was carried out.
Chemogenomic profiling indicated that totarol, a natural
product with antimicrobial activity [21], inhibited
ERG26 (Fig. 2 and Supplemental digital content, Fig.
S1, Jttp:/llinks.fww.com/FPC/A525). Consistent with the
chemogenomic profiling result, totarol (20 umol/l) induced

a 360-fold (P=4.3x10"") increase in 4o-carboxy-4p-
methyl-5a-cholesta-8, 24-dien-3B-ol abundance, whereas
the abundance of downstream metabolites (zymosterol
and ergosterol) was decreased (Supplemental digital con-
tent, Table S1, Zup://links.lww.com/FPCIA529). The proteins
encoded by the ERG25, ERG26, and ERGZ27 genes [22]
form a multienzyme complex. This complex includes
the C-3 sterol dehydrogenase (ERG26), which converts
4a-carboxy-4B-methyl-5a-cholesta-8, 24-dien-3f-ol into
zymosterol (Fig. 1). Thus, the measured pattern of meta-
bolite changes indicates that totarol inhibits ERG26.
Harmine is a B-carboline alkaloid found in many middle
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A diagram of the metabolites and reactions catalyzed by yeast deletion mutants in the arginine biosynthesis pathway is shown. The consecutive
reactions catalyzed by ARG8 and ARG5,6 are the probable sites for mebhydrolin inhibition. Two metabolites that could not be measured by dansyl
derivatization appear in unshaded circles. For harmine, metabolomic profiling implicates a reaction (ERG25) as the target of harmine that is

downstream of that identified by chemogenomic profiling (ERG?7).

eastern plant families. It has a variety of bioactivities,
including inhibition of monoamine oxidase A [23]; altering
cellular gene expression [24], DNA topoisomerase inhibi-
tion, and induction of cytotoxicity in cancer cell lines [25].
It has been considered as an anticancer agent [25] and for
the treatment of Parkinson’s and neuropsychiatric dis-
eases [26]. Chemogenomic profiling indicated that har-
mine selectively altered the growth of a yeast strain with
an ERG7 (lanosterol synthase) haploinsufficiency (Fig. 2
and Supplemental digital content, Fig. S1, Azup://links.fow.
com/FPC/A525). However, metabolomic profiling indicated
that incubation with harmine (200 pumol/l) increased
lanosterol abundance by 5.4-fold (P = 7.5 x 10™) (Supple-
mental digital content, Table S1, Jup://links.low.com/FPC/
A529), and induced lesser increases in the abundance of
the next two metabolites in this pathway. This indicates
that harmine inhibits a reaction that is downstream of
ERG?7 (Fig. 2), which could be the reactions catalyzed by
the ERG25-27 complex or another downstream enzyme.
Chemogenomic and metabolomic profiling identified
closely related steps in the ergosterol pathway as the
target for totarol. However, the metabolomic data indicate
that an enzymatic step that was downstream of the target
identified by chemogenomic profiling is the actual target.
It is likely that the proximity of ERG7 to the actual target
explains why the growth of a strain with an ERG7
haploinsufficiency would be inhibited by harmine.

Analysis of inhibitors of arginine biosynthesis

"To determine whether dansyl derivatization coupled with
LC/MS analysis could identify key metabolomic changes,
the abundances of arginine biosynthesis pathway meta-
bolites in extracts prepared from four S. cerevisiae strains
with gene deletions (argl/A, arg3A, arg4A, and arg7A)

were compared with a wild-type strain. The analyses
described in the supplement show that the deleted genes
could be identified using this metabolomic profiling
method (Supplemental digital content, Table S2, Azp://
links.low.com/FPCJA530; Fig. 3). We next examined a
chemical with a previously unknown target. Mebhydrolin
is an antihistamine that was used previously for the
treatment of allergies [27]. Chemogenomic profiling
indicated that mebhydrolin selectively affected the
growth of a yeast strain with an arginine permease
deletion (CAN1D) (Fig. 2 and Supplemental digital
content, Fig. S2, hup://links.low.com/FPCIA526). Wild-type
yeast cultures incubated with a mebhydrolin concentra-
tion (150 pmol/l, 6h) mebhydrolin that caused a 10%
decrease in their growth rate showed 4.4-fold and 3.1-fold
decreases in the abundances of N-acetylornithine
(P=0.01) and ornithine (P =0.01), respectively (Sup-
plemental digital content, Table S3, /Azp://links.lww.com/
FPC/A531). These metabolomic changes indicate that
mebhydrolin affected arginine biosynthesis, but its site of
action is distinct from the pattern of metabolomic
changes in the ARG1, ARG3, ARG4, or ARG7 deletion
strains (Fig. 3). Notably, the ne0olA/NEOI heterozygous
strain also showed sensitivity to mebhydrolin (Supple-
mental digital content, Fig. S2, /ztp://links.lww.com/FPCIA526),
indicating that this drug may have multiple cellular targets
in yeast.

A computational method for metabolomic network
analysis

"To facilitate the identification of the mebhydrolin target,
a novel computational algorithm for automated analysis
of metabolomic datasets was developed. It analyzes the
metabolomic changes measured in a set of samples and
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Table 1 The 10 highest-ranked genes output by the metabolic network analysis program after analysis of metabolomic datasets for the
indicated yeast gene deletion strains and drug treatments
Deletion
ARG1 ARG3 ARG4 ARG7
Gene Score Gene Score Gene Score Gene Score
ARG1 2.34 ARG3 1.65 ARG4 1.88 ARG7 1.90
CAR2 1.48 SPE1 1.65 FUM1 1.19 ARG3 0.63
SPE1 1.47 ARG7 1.30 SPET1 1.08 ARO9 0.63
ASP1 1.14 LYS1 1.30 CAR2 1.08 GDH2 0.63
ASP3-2 1.14 CAR2 1.14 URA2 0.95 BAT2 0.63
ASP3-3 1.14 ACS1 0.68 CAR1 0.68 BAT1 0.63
ASP3-1 1.14 ACS2 0.68 PRS2 0.48 IDP1 0.63
ASP3-4 1.14 ARO9 0.63 PRS1 0.48 IDP2 0.63
ADK2 0.85 BAT2 0.63 PRS3 0.48 IDP3 0.63
ADK1 0.85 BAT1 0.63 PRS4 0.48 SPE1 0.63
Mebhydrolin Fluconazole Totarol Harmine Terbinafine
Gene Score Gene Score Gene Score Gene Score Gene Score
ARGS8 2.45 ERG11 3.24 ERG26 2.71 ERG25 0.61 ERG7 4.01
AAT2 1.11 FDH1 1.74 ERG27 1.76 ERG27 0.24 ERG1 3.05
AAT1 1.11 ADE3 1.73 ERG11 1.63 ERG24 0.24 ERG27 1.24
CAR1 1.11 MIS1 1.73 HEM14 1.35 ERG11 0.19 MHT1 0.37
ALT1 0.94 ERG27 1.44 FMS1 1.35 ERG26 0.13 FDH1 0.37
GLT1 0.88 ERG24 0.71 POX1 1.35 FDH1 0.09 ADE3 0.36
LYS20 0.80 SOD2 0.64 CAT5 1.35 ADE3 0.09 MIS1 0.36
LYS21 0.80 CTA1 0.64 HEM13 1.35 MIS1 0.09 COQ5 0.36
STR2 0.79 CTT1 0.64 ADI1 1.35 ERGY9 0.08 COQ3 0.36
ARG2 0.78 SOD1 0.64 COQ6 1.35 MHT1 0.05 SPE2 0.36

Of note, the relatively lower scores for the genes identified from analysis of the harmine dataset are because of the smaller changes in metabolite abundance that were

induced by harmine.

identifies the genes that could be responsible for
the measured changes in metabolite concentrations.
A curated (YeastCyc) metabolic pathway database that
covers 947 reactions and 694 chemical species is used to
analyze yeast metabolomic datasets [18]. In brief, this
algorithm uses this yeast metabolic database to predict
the effect that a change in the activity of each enzyme
would have on the concentration of each metabolite in
the database. The metabolomic differences measured in
a sample dataset are then compared with these predic-
tions to compute a score that assesses the match between
the predicted and the measured metabolite changes for
each gene. To test this computational method, the
metabolomic data generated from four yeast strains with
gene deletions in the arginine biosynthesis pathway were
analyzed. For each of these datasets, this algorithm
correctly identified the deleted gene as the one that was
most likely to cause the measured metabolomic changes
(Table 1). For example, ARG4 (argininosuccinate lyase)
was the highest-ranking gene for the ARG4 deletion
mutant data (score 1.88). The next highest-scoring gene
was FUM1 (score 1.19), which is an enzyme that acts on a
product (fumarate) of the ARG4 reaction. A more
detailed description of the analysis of ARG3 and ARG4
gene deletions is provided in Supplemental digital
content, Fig. S4 (hetp://limks.tww.com/FPCIA528). We next
assessed the ability of this algorithm to analyze the
metabolomic changes induced in wild-type yeast after
incubation with four different drugs, which provided
a more rigorous test of this software. The algorithm
correctly identified ERG11 and ERG26 as the genes that

were most likely to be inhibited by fluconazole and
totarol, respectively. ERG25 was the highest-scoring gene
when the harmine data were analyzed. ERG1 had the
second-highest ranking when the terbinafine data were
analyzed (Table 1). Taken together, the results from
analyzing metabolomic changes in vyeast with four
different gene deletions, and after treatment with four
different drugs indicate that this computational method
has the potential to correctly identify the factors
responsible for metabolomic differences in yeast.

Analysis of the mebhydrolin-induced metabolomic
changes

When the mebhydrolin-induced metabolite changes were
evaluated using the computational method, it identified
ARGS as the gene that was most likely to be inhibited
by mebhydrolin (Table 1). To examine this possibility,
we characterized mebhydrolin-induced metabolomic
changes in ARG4, ARGS5,6, and ARGS deletion strains
(Supplemental digital content, Table S4, Aztp://links.fww.
com/FFPC/A532). The ARGS5,6 and ARGS8 enzymes catalyze
consecutive steps in the arginine biosynthesis pathway,
which convert N-acetylglutamate into N-acetylornithine
(Fig. 3). The pattern shown by PCA indicated that
mebhydrolin treatment induced a large number of
metabolomic changes in the wild-type strain, but exerted
a much smaller effect on the ARG5,6 and ARGS8 deletion
strains (Supplemental digital content, Fig. S3, /Asup://
links.tww.com/FPC/A527). Importantly, the mebhydrolin-
induced changes in arginine biosynthesis pathway meta-
bolites (citrulline, ornithine, N-acetylornithine) that were
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observed in the wild-type strain did not occur in the drug-
treated ARG5,6 and ARGS deletion mutants (Supple-
mental digital content, Table S3, /Atzp://links.tww.com/FPC/
A531). Mebhydrolin induced a larger number of metabo-
lomic changes in the ARG4 strain (Supplemental digital
content, Fig. S3, Awtp://links.lww.com/FPC/A527), a strain
that has a gene deletion in a more distal segment of the
arginine biosynthesis pathway (Fig. 3). Taken together,
the metabolomic profiling results in the wild-type and in
the deletion strains indicate that mebhydrolin targets an
early step in the arginine biosynthesis pathway, which is
catalyzed either by ARG5,6 or by ARGS8. As dansyl
derivatization cannot measure an intermediate (N-acetyl-
glutamate) in the reaction cascade catalyzed by these
enzymes, the metabolomic profiling data cannot deter-
mine which of these two enzymes is the specific target.
The kinase encoded by ARG5,6 forms a complex with the
acetylglutamate synthase that is produced by ARG7 and
ARG2, which regulates the early steps in the arginine
biosynthesis pathway [28].

Discussion

Metabolomic profiling cannot systematically quantify all
cellular metabolites, and we believe that it is best applied
in a targeted manner. Conversely, chemogenomic profil-
ing can interrogate a wide range of genes systematically,
but the resulting sensitivity profiles do not unambigu-
ously identify the target for the chemical in question. For
most of the drugs analyzed here, metabolomic and
chemogenomic profiling identified concordant targets.
However, in the case of harmine, chemogenomic and
metabolomic profiling identified different targets, both of
which were in the ergosterol pathway. Thus, we argue
that a combination of the two approaches, comprehensive
chemogenomic profiling, followed by targeted metabo-
lomic profiling, provides a superior strategy for drug
target identification than the use of either method alone.

The basis for the different mebhydrolin targets identified
by metabolomic and chemogenomic profiling is quite
clear. As arginine is present in the growth medium, the
growth of a yeast strain with an arginine transporter gene
deletion would be highly sensitive to an inhibitor of
arginine biosynthesis, which explains why chemogenomic
profiling would identify CAN1D as sensitive to mebhy-
drolin. However, metabolomic profiling identified the
enzymes in the arginine biosynthesis pathway that could
be the direct target for this drug. Thus, the results from
the two methods are actually confirmatory of each other;
the chemogenomic and the metabolomic results indicate
that mebhydrolin affects arginine biosynthesis.

Although we analyzed yeast metabolomic data, the
metabolomic network analysis program could also be
used to analyze metabolomic data obtained from mouse,
rat, or human sources. This capability is enabled by the
availability of metabolomic networks that have been
prepared for multiple other mammalian species [29].

Metabolomic and chemogenomic profiling in yeast Wu et al. 885

Of note, the accuracy of the results produced by the
metabolic network analysis program is limited by the
accuracy and completeness of the available metabolic
networks. There are still many interactions between
metabolites and enzymes that are not modeled in the
existing metabolic networks, and there are many meta-
bolites that are yet to be discovered. However, the
functioning of this program will undoubtedly improve as
the holes in the available networks are filled in. Related
to this, it will be important to determine how efficiently
drug targets identified in yeast translate into mammalian
systems. This can be assessed by evaluating the effect
that the drugs have on rodent tissues # vivo or on human
cells 7 vitro. A limitation for the utility of this yeast
system is the fact that it is most often a drug metabolite,
rather than the parent drug itself, that induces an
unexpected drug-induced toxicity [30,31]. As yeast lack
human drug-metabolizing enzymes, it is likely that the
‘off-target’ effects induced by human drug metabolites
will be difficult to identify using a yeast-based system.
However, the targets of the parent drug, which are
identified using this yeast-based system, are more likely
to translate to mammalian systems.
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