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2 o F AN e A oAk $8E S18 GC-TOF/MS?] ol 548H2] o] &3} W (positive
chemical ionization, CTI'yS ©]-&, J &3t A& Fh(accurate mass)Z 5%¥ 4 H(isotope ratio) 3= 2|
4 245 gk £Aol [MHH]" Al71E S7HZ 5 1= high mass tune 0] AHE-E%1S
H, SgtEEY 2 2 ged B2 AExdo] 1 Ee] Hrk 2459 trimethylsilyl (TMS)7) & %4
i} H AFE AERAES A% A3 [MHH]Q A% o] & #Ho] AHEFAE 6.8 ppmo] L
QA BI(M+HIM, M+2/M)2] A= ZHE 1.5%9F 1.7%3A 0k dolx F# 73} 5994 vE 94%
"é darg]Fol 83 A 21709 shgrEe] T2 o] 2529 WelA dAsT.
Abstract: An accurate mass and isotope ratio were determined using a gas chromatography/time of flight mass
spectrometer in CI positive mode for the identification of unknown metabolites. High mass tune was used to
improve the ion intensity of [M+H]". Chromatographic resolution and dynamic range enhancement were
performed to obtain more reliable accurate masses and correct isotope abundance ratios. Average absolute errors
of mass and isotope ratios for 24 reference metabolite -TMS (trimethylsilyl) derivatives were 6.8 ppm, 1.5%
of (M+1/M ratio) and 1.7% of (M+2/M ratio), respectively. The correct formulas of twenty one compound
were retrieved within top-2 hit from the heuristic algorithm for elemental composition using each accurate mass

and isotope abundance ratio.
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%4 & accurate mass X 94
4 H) A3 oyt duEFe] HE&S FE B

BE f7]&vl+= J. T. Baker (Phillipsburg, NJ, USA)
A]"O’] S5 7&%‘}'5‘911: T'ELH‘Q‘ }‘] Oko }‘]"Q‘O]'M-J—- xF

A] €FE-(alanine, valine, serine, nicotinic acid, succinic
acid, 4-hydroxyproline, salicylic acid, asparatic acid,
methionine, alpha keto glutaric acid, glutamic acid,
asparagine, putrescine, shikimic acid, ctiric acid, glucose,
lysine, stearic acid, arachidic acid, serotonin, adenosine,
cholesterol)¥} LH 3 =9} AEE B35 3l UG
o] a7z A AAE 9% F A SHmethoximation)
220 AFE-E O-methylhydroxylamine hydrochloride
= Sigma-Aldrich (St. Louis, MO, USA)°lA 18+
ok 1 mge EFAIFES 1 mLe| Heh&/E/o]Ax
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Accurate mass %

2IE2:5:1 vyv)oll =2 §F 314 5te] AT
20 mg2] O-methylhydroxylamine hydrochloride-> 0.5 mL
9] 3] (Sigma-Aldrichol 4] +<; St. Louis, MO,
USA)|| = /\}B-ﬁl-oﬂﬁ}(methoximation LN, T8
e 3] AZAIZ] ¥ 10 uLel methoximation &-<4
S Z 7}kl thermomixer (neoLab GmbH, Heidelberg,
Germany)E ©]-8€ 30 °ColA 90&7F WH-gA HTh 2
T TMS (trimethylsilylation)-f- =] 3} 34 © 2= Pierce
(Rockford, IL, USA)AFe] 1% trimethylchlorosilane<-
X33 N-methyl-N-trifluoroacetamide S 90 pL 2 3L
37 °ColA 30%-7F thermomixers ©]-8 THA] HES-A]Z
ol ¥hgo] vt 842 2 mLo| ZAY nlo]de] &A
2o =8 agnt.

&

fE
mlo

22. GC-TOF HEEAMI|ol 2MxA

Eo ALg-E 7]7]= Agilent 6890N 7] 3| A Zn}
E e 3 (Palo Alto, CA, USA)9} WatersAH2] Micromass
TOF (time-of-flight) & #3&-4] 7](Milford, MA, USA)
7t AAE U= FAHE AT £ A
2 J&W ScientificA} (Palo Alto, CA, USA)A| & 2]
DB-SMS &§ A7 2A® 2P S ALgson,
s AT 29 *% &% 5 Table 191 A
3] 7138tk A#gRAl7]e] 79 positive CI(PCHE
=5 ALEsId o, vu: %52 Perfluorotributylamine

Table 1. Conditions of GC-TOF/MS

1 isotope ratio 82 913 GC-TOF & 24 70| 9] 3}5H4 o] 231 HH 17

(PFTBA)®] m/z 614914 =43¢ A3} 7,0000]7 ©]
AT ClY W87t~ 2 = wgho] AREEom ofuf
gas flow= 90%E A AT &9 K(inner)3}
Houter)2] ZAEL Table 19 742F3] 714 33tk
Tunel % 7}2] WA o @ g Egom ouaol
tune2] WHH S PFTBAS| base peakS! m/z 695 7]
To® ‘4’”1*] o]29 ZAEE Eol& outer £29
Z7(beam steering, focus 1,2,3)2 A3} o,
high mass tune®] 7= PFTBA<S] m/z 2649} 502
o] o]ZAI7IE EY & UEF outer 229 2AS
g5t

Accurate =742 9|38 calibration> PFTBAE ©|&
m/z 50 ~620~F0] 9] Gl 277/ o] o= S H o]
FHom 22k thakd 3] g HF FAZLRMS ¢
mean residual value)©] 0.0008 amu®]stZM A A4 21
A3 kel 23+ <10 ppm WY WG £4 59
mass drift= 2,4,6-tris(trifluoromethyl)-1,3,5-Triazine (TTT,
lock mass)9] m/z 286.0027[M+H]"°l <J3] EA =S
o oju] A7t o]&9] FFLE F(cps, counts per
second)= 1,500°1 ZFAch A2HEF d|o]El= centroid
B o3 dojHom 27 &%= 5.5 spectra/sec
o gr3o] AL-8-3l . 42 DRE (Dynamic range
enhancement) ZLE0|A F351H o A& E )7 4
ZEL )= MassLynx 4.10] 9T}

Agilent 6890 N gas chromatograph

Injection Split (2:1), 1 pL
Injector Temp. 250 °C
Carrier gas He, 1 mL/min

GC  Column

DB-5MS : 5% phenylmethylpolysiloxane

30 m (length) x 0.25 mm (I.D.) x 0.25 um (film thickness)

Temp. program

D 50 °C (1 min)-20 °C/min-330 °C (5 min) (run time; 20 min)

@ 50 °C (1 min)-10 °C/min-170 °C (1 min)-5 °C/min-220 °C (1 min)
-20 °C/min-330 °C (5 min) (run time; 35.5 min)

Waters Micromass GCT Premier time-of-flight (TOF) mass spectrometer

Ionization mode
Source Temp.
Inner source
QOuter source

Ms CI gas
External calibration
Internal reference

200 °C

Reference reservoir 50 °C
Mass range m/z 85 ~ 800
Resolution > 7,000 (m/z 614)

Data acquisition

Chemical ionization positive mode (CI")

Electron energy (40 eV), Rhenium filament current (200 pA)

Beam sterring (0.3 AU), Focus 1 (75.0 AU), Focus 2 (14.0 AU), Focus 3 (35.0 AU)
Methan (90% flow)

Perfluorotributylamine (PFTBA) RMS (mean residual value) < 10 ppm
2.,4,6-tris(trifluoromethyl)-1,3,5-triazine(TTT) lock mass m/z 286.0027

scan time; 0.15 sec, inter scan delay time; 0.03 sec
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3. 43 4 & TMSZ f=A3} ¥ nicotinic acidE high mass tune
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¢}
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£ AHESITh o] 2doM e WETIAR R FE iony& SFEY Aol|A FAJol ERIgtew Ea 2
CHso|0] A= A5 FA= CHs™o|&3e] ZFol tigk BEE FAHOE A& F AUATh Fig
22 2 [M+H]" (protonated molecular ion)S A4 3} 1)) A% A2l tuneS AHEFS wjo] AaF 2

A ek 2y CIe] A= ol 2Al71E A3t E oz H7tol2l [M+H], [M+CoHs]", [M+C3Hs["
a17] 913k Hao] o] 23} AUA|7F astar, v o] B o] Rt high mass tuneQ! Fig. 1(a)°lA HT} o]
kAo T A Fho] 348 kl/mol 32 3.6 eV oy LA 717F H Yo, [M-15]"0]-29] base peakSZ L}

A5 71 AR B wf ofHs] 7ol o] YA Ehut EI] 2 2HE-R Fig 109 fFAHS =
g ae 4= kB E3 TMSE FEA3F ® tALE F AU o] AFZEE CI" ZE=o)A high mass
de] B wWgr17F DojA Uzk [M-1517°]&°] v tune WHS AHESAS W AREAHQL tune Y ol A
T A FAol =71 wZel 7Hsd g [M+H] A 7] BT} [M+H]9] o] 241715 ¢F 18] A= 7S
£ F7t AlE F e x7o] dadt Fig 12 & 4 AT
GCTCABO45
- s TOF MS CH
(@) 3.51e4
o M-CHy"
g 180.0476 M+CHI
2241103
M=CsHgl™
236.1111,
- 106.0281 1360543 | 10:03 b L263"48291 1461 3351549 3751214 4139142442550
180.0439 TOFMS CI+
100 (b) 196.0751 1.794

106.0251

7 2241094

136.0570

94.0630|120.0404|147.0644 l FO,?Q \ 247.0814 2869843 3472751 3773277 413.95804343417
1500445 TOFMSEH
1001 - 1.47e5
(© nicotinic acid (+1TMS)  mc. [tn,
i
136.0553 o
106.0254
E: x
=N
R 90.0218 L 1200244, 162.0389 195|.0705 2470840 3006238 3571063 4131380
O et ARLLAAAL A AN AR A i MM AAM AL LA BAM R Lt Rl NRRAA ALY LA b At LS 2 S KA LA LA MMM LAAAL MAas LA LA A LAARL LR MaidAdastiaad 1117 3
80 120 160 200 240 280 320 360 400 440 480

Fig. 1. Mass spectra of nicotinic acid-TMS derivative obtained by (a) high mass tune in CI mode, (b) normal tune in CI
mode, and (c) electron ionization (EI)
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Accurate mass 2 isotope ratio =72 $]3F GC-TOF 2 &4 7ol A 2] 3}8H%] o] 23} 19
32. GC-TOF WaEA{|o| } 59194 v 2] AE o2 AY JFe
chgel B4o] aHE v A9 A% WE 7] wie] GC BUA) Relmge] melsolHok @
4 Azke] 2T Eo] AW, ool W AR Wl S o Fig 2@t WE BAL 98] 88 dutHal
59 A2nETY AoA 9] co-elution TS &3] GC ZZ(runtime; 203y A 47}A] 3§21 salicylic
dojd = AUrt. A9 P1A] SHEC] accurate mass acid, asparatic acid, methionine, 4-hydroxyproline©]
GCTCABMS GCTCABMS
1634 TOFMSCl+
" 10.14 TOF"I:ZSS; 100 mz m
4-hydroxyproline major 520
< 8
: 16.27
013 .10 TOFMSCl+
0 methionine Toms& m?,:
1213
s ®
e 100 1o TOFMSCl+
w asparticacid wmsg‘? "‘113%
1403
R 8
1009 TOFMSCl+ 1613 TOFMSCl+
o salicylicacid m%‘% w m%
® ®
0 Time Time
985 995 10.05 1015 1025 10.35 1045 10.55 1065 R 15.60 15.80 16.00 1620 1640 1660 16.80
(a) )
Fig. 2. Extracted ion chromatograms of 4-hydroxyproline, methionine, asparatic acid, and salicylic acid -TMS derivatives
according to GC condition (a) rum time : 20 min (b) rum time : 35.5 min.
GCT CABO045
4
100 350.151 TOF MS CH
2.67¢5
1. salicylicacid
3341256 2. methionine
3. 4-hydroxyproline
4. asparatic acid
;2_
267.0861
232.1195
2
294.13%0
4 |36 3
283.1195 348.1814
3231548 378.1976 4222004
0 I|| ‘.. . n 1 . 4%.1?50 I, 486.2036 miz
210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

Fig. 3. Mass spectrum of not completely resolved asparatic acid-(TMS); in chromatogram.
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Table 2. Comparison of error for mass and isotope ratio according to GC saparation

Before the separation

After the separation

Compound Mass error Isotope ratio error Mass error Isotope ratio error
(ppm) M+1(%) M+2(%) (ppm) M+1(%) M+2(%)
(1) salicylic acid -33 7.1 6.4 0.3 1.2 -0.2
(2) methionine -3.6 3.1 2.6 -1.3 0.0 0.6
(3) 4-hydroxyproline 8.8 5.7 33 -33 -0.1 -0.2
(4) asparatic acid 36.6 13 2.5 4.0 1.8 12
ppm = 1v[ﬂ\eorctical71v[measured>< 106
theoretical
GCTCAB045
M+HJ*
262.1584 TOF MS Cl+
b (@) M-CHY miz 262 8.53e4
. MCHT 1160 1170 Time
218.1333
263.1685
1441200 172.1155 264.1660
0 Whrreh f o Joerer &
262.1671 TOF MS Cl+
17 (b) miz 262 4.4%e4
11.60 1170 Time
s |
218.1340 263.1694
1441197 172.1145 2641651
l P | . N
0 140 220 300 380 460 540 620 700 miz

Fig. 4. Mass spectra of valine-(TMS), obtained (a) without DRE (b) with DRE.

Z A FEAL o] FF ARvETH (extracted ion
chromatogram, EIC)g T34 3}gES &elgd 5= 9l
Sl Fig 36148k o] Wek 2mER A 4714
sth=9] MHH] S FAl & 4 AJrh zevk
Fig. 2(0)ollA &} ZFo] 4714 shgtEo] #ed & U=
= GC ZZ(run time : 355 )& IZHI A= 7
7H1:ﬂ §}6]— _,] ;{17—!,]: /\_gl _% ]jf'
Table 2= F 7HA] Z7Ao2RHE o
asparatic acid®] 73-%- 36.6 ppme] = T H Q%
< B3lon Foar] QA% 5%013-3 UEhi
ok Z2Ev GC 2 ol Zeld B¢ 2% eake

5 pmelLH Ao, 59
ds O‘&’iﬁ}

A2H] QA% 5%l we

£
i\

7] ojg]¢m e vtk 71713l o E
F

& F=FY oA Heet 574 °] 7Fs gk 2710]
2.&}tH? Dynamic range enhancement (DRE) 7%
HE719] ol E3}E do} B} A3 AFS &
T F Y= 3 Fed ol z-xAL A= A

—

2 o rlo 1 4o o oR ¥ ok
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Accurate mass %

thFsHA 3t A F il 2]
ansmission state) | /\1 =4S 31, 1529
A" AE7] X3} 99 oA ol 152
FO 22X 7153l Fig 4+ 500 ng/uLe] valine
28 A7 ZH DRES AME-31A] 9 799} A}
so] B 22 o] IzulE Ao Haka
1S 14-5]-1;}]_ o]t} DRES AFE3A] 4o 7S
EIC 74¢] peak FEIZH-E] HE71¢] ]

)
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B

F 5
g “‘1"

[t

T 19 oo o m od
a9 ol
2 u“J

= Ei’r/‘c}ﬂl% A5 4 Ao olw [M+H] 9
S 1 E W (Mincoreicas Mz 262.1659) 2] 2Fo]
= -284 ppm©] Tt 22} DRE R =5 AHg-3hed
B8 A3 Fig 4b)lA A8 A=F 93 4.7 ppm
o2 HE7E o] xR QT FFS AL
AR

3.3. Accurate mass ¥ isotope rato =H

o} e B4 2N HEH hAHER o}l
w=2b, Ak 4710 3R B2EFE 50 ng/uLolA
o] FENlET ag% Fig. 58} 7¥¢kom 7}zke] accurate
mass ¥ L4 v Table 39 YERASITE O F-

o] EAEL 9 @_fﬁéﬁﬂ FEASE 270 Fa

A3 FA(H-bond donor) S=AFTHE TMS3}F = 1A o
serine3} 4-hydroxyproline?] 73-%-= Al f=A4]

1 isotope ratio 82 913 GC-TOF & 24 70| 9] 3}5H4 o] 231 HH 21

3} ¥R &e minor AEE 7o)l AZ&H YUY 599
4H] 2] 739 cps (count per second)E =7 3te] Lo
A AFAZA TMS FEA SIS 49 SiE 8] 59
D M+ M+2¢] ¥]&o] EolRIT}, Tuble 4914 B
= AAH alamneA 19 GEA S EalA] M)/
M¢ 5994 HlE 20%) 7H7he o FEA3
ARG = 3— cpsitell Al 4o 7beslt) uhehA
TMS SEA 3= A0 9ojA] Fubg © 7o) =
7HERt oh e F91 4 W} golatA st
=k

2479 EFEAS U@ [MHH]'S AF et
Table 30X AE A SAHFL 68 ppme] AL,
lock mass (m/z 286.0027)3t34}2] Z}ol7t F45 =o
e & 5 dden, 99218 A5 cpsqtel
50000142 A$ 5%olUe] exE Bygor e A
T AP ARE & T AU
uz] B4 A4S 9% A A daz
el AZEg o] sto] FFE3] 5]0194—_0_

dazyd 555 AR AR ;
A & Ao}, ol & Y&l FH2 77HA 38t
AES ddEE 9424 F5 F9 F9 g}% Al
ZH el Hed e dazEE A o

=3

2] &(Seven golden rules)o] 7}

=20
»J—':v‘zé]a

-

\,_v‘ O_u
_1& o 2 o

to o N O

$Aek2 ool w=wl

23 TOF MS C}
100, 3071 e
3.80e4
6 9 22
13.63 1621 29.80
2881
* 4 10 16 3298
1627 19
12.86
1465 4 2143 18 2360
23
28.95
/
d 5L 20
10.08 3 ||zps 28.26 302§3119
7 2376 21
12.25) 5
D9.64) 3352
1046 27.10 8 v
” “ ]
114
. | Ju
T T T T T T T T T T T T T T T T Time

1000 | 1200 | 1400 | 1600 | 1800 | 2000 = 2200

2400 | 2600 | 2800 | 3000 = 3200 | 3400

Fig. 5. Total ion chromatogram of 24 reference metabolite-TMS derivatives
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Table 3. The error of mass and isotope ratio for reference metabolite-TMS derivatives and top-hit from Seven golden rules

Isotope ratio error  Seven

RT Compound Formula cps Exp. mass Mass errorm rules

min M+H]* count per sec) [M+H]" m + + .

(min) [MHH]"  (countpersec) [M+H]"  (ppm) %) %  Tophit
10.08 Alanine CoH,4yNO,Si, 15405 234.1347 -0.6 0.0 -0.1 1
11.66 Valine C1HasNO,Si, 1656 262.1657 0.6 2.8 2.6 2
12.25 Serine minor CyHa4NO;Si, 13550 250.1285 3.9 1.1 0.1 1
12.86 Nicotinic acid CoH4,NO,Si 53917 196.0798 -2.1 0.8 0.1 1
13.03  Succinic acid C1oH2304S1, 5720 263.1129 22 0.2 2.8 1
13.63 Serine major C12H;3:NO5Si; 25490 322.1703 -4.0 1.9 1.0 1
15.44 4-hydroxyproline minor  C;;Hp6NO;Si, 28031 276.1458 2.5 -0.1 -0.2 1
16.13  Salicylic acid C13H;0;58i0, 20895 283.1185 0.3 1.2 -0.2 1
16.21 Aspartic acid C3H32NO,Si; 48866 350.1625 4.0 1.8 1.2 2
16.27 Methionine C11H2sNO,SSi, 38513 294.1383 -1.3 0.0 0.6 1
16.34  4-hydroxyproline major  C;4H3,NO;Si; 18761 348.1858 33 -0.1 -0.2 1
17.15 Alpha keto glutaric acid ~ C1,HpNOsSi, 7503 320.1367 -5.5 1.1 0.5 1
17.94 Glutamic acid C14H34NO,Si; 5470 364.1827 -8.6 0.0 1.1 1
18.84 Asparagine Ci3H33N,058S1;3 1210 349.1819 -5.7 -33 42 2
20.18 Putrescine C16HasN,Siy 8709 377.2672 -3.2 -1.6 1.9 1
21.43  Shikimic acid C1oH4305Siy 3229 463.2144 9.3 -2.9 -3.9 1
21.62 Citiric acid C3H4,05Siy 7958 481.2001 -14.9 0.7 0.2 >3
23.06 Glucose CyHs6NOgSis 1377 5703037  -14.6 3.6 -5.0 >3
23.60 Lysine CisH47N20581y 20845 4352771  -13.0 -0.1 0.9 1
28.26 Stearic acid CHy50,Si 10259 357.3229 -11.2 0.7 -0.8 1
29.69 Arachidic acid Cy3Hy0,Si 6027 3853558  -14.6 1.8 -0.6 >3
29.80 Serotonin CyHysN,0Siy 10648 4652669  -12.9 -1.2 42 1
30.71 Adenosine CaHyeNsO,4Siy 36761 556.2695  -12.2 2.4 33 2
33.52 Cholesterol C;0Hs50Si 1193 459.4078 -12.1 54 4.6 1

Average of absolute error 6.8 1.5 1.7
Table 4. Theoretical isotope ratio of alanine and alanine-(TMS),
Alanine Alanine-(TMS),
Molecular Isotope ratio Molecular Isotope ratio

formula M (%) M+l (%)  M+2 (%) formula M (%) M+l (%)  M+2 (%)

C;H/NO, 100 3.80 0.46 CoH,3NO,Si, 100 20.70 8.94

WA 2]y o] 523 4(RDBE, rings-plus double-
bonds equivalent), Lewis <} Senior 12 2] &1, &<
i ], Fa/era A4 8], 221 SH(NOPS)9]
H) &, TMSHEA skl o gk 2 32 A {5
S8 2 7HA TtE o] o] &EH, FUA ]
BollA dazd FE MY Bel EdFE F e
o2 Yehygt} 3 o2 =49 sorbitol-(TMS)s2]
24 m/z 614.3177 (Co4HgxO06Sis; Myeoresicas= 614.3162)
oA A7F 22} 5 ppm WA 7Hes AR 5
= 6967 Aom, F9UA o] QAPHLE 5% oY
2 #3149 66879 FHEAS =

AU Eg 7] F31S ARG G EEE FEl

Moo o2t N

A AaF 15892 sorbitol-(TMS)s &<1¢] 7He3}
AT wEbA B Aol AR 2479 FlgtES
accurate mass9} F9 L4 H|E Sl &3
I 88 7ol dial] LolH T} Accurate mass 2
994 o2 Wl 27 15 ppm, 5% ©WE 247Y
st sl sAlel Gare]Fel 283 A3 Tuble
oA ek 2ol 2470 shRtEF 20 SEES S &
2 S UhellA dAES &1 T 5 AT A7
9217F 14 ppm ©]73] 37FA] SMHE citiric
glucose, arachidic acid®] A& 4 = ollA]
g = gl ey, U A 57FA] 8}3HE(lysine, stearic

acid, serotonin, adenosine, cholesterol)2] 73-$-o+= 10

acid,
3}o]
1
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