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ABSTRACT

- Metabolomics aims at the comprehensive, qualitative and quantitative analysis of wide arrays of

endogenous metabolites in biological samples. It has shown particular promise in the area of toxicology and drug
development, functional genomics, system biology and clinical diagnosis. In this study, analytical technique of MS
instrument with high resolution mass measurement, such as time-of-flight (TOF) was validated for the purpose of
investigation of amino acids, sugars and fatty acids. Rat urine and serum samples were extracted by selected each sol-
vent (50% acetonitrile, 100% acetonitrile, acetone, methanol, water, ether) extraction method. We determined the opti-
mized liquid chromatography/time-of-flight mass spectrometry (LC/TOFMS) system and selected appropriated
columns, mobile phases, fragment energy and collision energy, which could search 17 metabolites. The spectral data
collected from LC/TOFMS were tested by ANOVA. Obtained with the use of LC/TOFMS technique, our results indi-
cated that (1) MS and MS/MS parameters were optimized and most abundant product ion of each metabolite were
selected to be monitorized; (2) with design of experiment analysis, methanol yielded the optimal extraction efficiency.
Therefore, the results of this study are expected to be useful in the endogenous metabolite fields according to vali-
dated SOP for endogenous amino acids, sugars and fatty acids.
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Table 1. The LC/TOFMS system for analysis of amino acids
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A AEEde ¥y dAske ©ol .

LCMS®| 54 Z7le] A8, o] 5] 29 Tl olst
of og 7HA] 2e71eH AE719 2ol 7hssithe Aol
T} 44 0 oabAY = rlokel 2o AYUES FoA 2
FAZMEIY VA HHILIC column)S ©]-&3todr] o]L-<
Aol Hast 9 IS4 A=3rt EeEo] Ak 4
SolstAl & 4 Udoph. wEhA 2 Aol M= =ljoll A Al
T =R U Ak B2 9] HIsIAIZH(Time of flight, TOF)
& ©]83 LOTOFMSE ARg-ato] AA] W e opm] i, o
A 5o W A E 48 WS skt

uYyy

Xje} 3 7P|

EHo) A1golz] ) B o] 54 HPLCF Alfoln],
Acetonitrile, Methanol, Acetone, Ether, Water, Formic acid,
Ammonium formate, Ammonium Acetate, Sodium Sulfate
(Anhydrous) Sigma-Aldrich*H(MA, USA)IA i3] A}
&3ttt o] 5o &miel S/ = Millipore membrane
filter A|2~®-& %3] WhatmanAH(Maidstone, UK)2] nylon
membrane filter (0.2 pm)Z 1713+ F 10&7F &7]3ke] A}
gkt

LC 71714 Agilent Technologies 1200 series
Column SP HILIC column; 5 um, 150 x 2.0 mm
Flow rate (ml/min) 0.3
A - 0.1% formic acid in DW
B - 100% ACN

Mobile phase time(min) A(%) B(%)
3.0 20 80
13.0 60 40
16.0 90 10
20.0 20 80
30.0 20 80

Injection volume (ul) 1

Column temperature (°C) 40

MS 71714 Agilent Technologies 6530 Accurate-Mass

Ionization mode ESI + Agilent Jet Stream

Gas temperature (°C) 350

Gas flow (I/min) 6

Nebulizer (psi) 15

Sheath gas temperature (°C) 400

Sheath gas flow (I/min) 11

Ion polarity Positive

Skimmer (V) 65

Fragmentor voltage (V) 110

Collision energy (V) 2
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Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) LC/

MS 247171 3 =AU

A E Ao AMS-F Accurate-Mass Quadrupole Time-
of-Flight (Q-TOF) LC/MSZ+& Agilent (CA, USA)AE]
Agilent Technologies 6530 Accurate-Mass =92 Al8-3}%
o, HPLC ¥ HZE Agilent 1200 A2 Z(CA, USA)E
A3}t 7 autosamplerS AHE-3F3ATH.

ofu At B8 93l MSZZIA "t 7)ol o]
23} WAlol= A7 o3 electrospray ionization, ESI)
HE ARSI eH - o] R3tE Robx mEA Hes)
i Jet Stream™2]S 0|23} t). Positive ©] 23} FEofA]
gas temperature 350°C, skimmer voltager= 65V, Fragmentor
voltage’:= 110VE 7331t HPLC 27004 o5 Ae
0.1% formic acid in DW$} ©]57 B 100% oM EUEZ
S ARgglom| 212 35 135714 20:80(vAv)elA 60:80(v/
V)Z linear gradient271-& ARE-3I AL, 135904 16E7HA=
90:10(v/v)2-S MISIAIZ AL, 2027FA = 20:80(v/v)= AHE-
Shal T 1085 22 24 FAslT &40 AR
st A& ShiseidoAH(Tokyo, JAPAN)S] SP Hilic column
(150x 2.0 mm, 5pum)S ARE-3FA O™, F<5-2 0.3 ml/min,
injection volume 1 pul, AH == 40°CE 315 THTable 1).

g 2L 9lste] MSEZL ESI+Jet Stream'$4& ©]

Table 2. The LC/TOFMS system for analysis of sugars

831921, Negative ©]-23} ZE=oA] gas temperature
350°C, skimmer voltagers= 65V, Fragmentor voltage= 100V
2 AA3IH T HPLCES ©%73 A= 5 mM Ammonium
Formate (pH 4.0)2} ©]&% B= 0.1% formic acid in ACN
S ARl o, A 8E5<t 10:90(vv)ol A 90:10(viv)SZ
linear gradient®=71S ARE-SFSIAL 8ol A 97k = 5:95(v/
VE ZASE WAL 98N 10E7HAE 10:90(vv)E
AREBEAL H 1085t AlS 22 A4S FAISIH
Aol ARE-3 ZH-2 WatersAHMIT, USA)S] Atlantis Hilic
column (150 x 2.0 mm, 5 um)= ARESIRCH,| 452 03 ml/
min, injection volume 1pl, ZH2E& 40°CE 3 Th
(Table 2).

At B8 9)3ked MSE7-S ESI+Jet Stream'd2] 2
0]-8-319 2™, Negative ©]-23} =o)X gas temperature
350°C, skimmer voltagere= 65V, Fragmentor voltagex= 110V
2 4A319tt. HPLCERAL o573 A= 200 mM Ammonium
Acetate (pH 6.8)2} ©]'54 BE 100% ACNS Ag-3lom,
25 28X 8ETIR] AB=5:95014 A:B=90:102-Z linear
gradient=71-& ARSI, A 28llA 8E7HA 5:95(viv)
oA 90:10(v/v)E linear gradientZ7-S A&} 3L, 850l
A TR7HE 5:95(viv)E/d2 M3, 2087 22
S AT Ao ARES ZH-& WatersAHMIT,

LC 71714 Agilent Technologies 1200 series
Column Atlantis HILIC column; 5 um, 150 x 2.0 mm
Flow rate (ml/min) 0.3
A - 5 mM Ammonium Formate (pH 4.0)
B - 0.1% formic acid in ACN
Mobile phase time(min) A(%) B(%)
0 10 90

8.0 90 10
9.0 5 95
10.0 10 90
20.0 10 90

Injection volume (ul) 1

Column temperature (°C) 40

MS 71719 Agilent Technologies 6530 Accurate-Mass

Ionization mode ESI + Agilent Jet Stream

Gas temperature (°C) 350

Gas flow (I/min) 6

Nebulizer (psi) 30

Sheath gas temperature (°C) 400

Sheath gas flow (I/min) 11

Ion polarity Negative

Skimmer (V) 65

Fragmentor voltage (V) 100

Collision energy (V)

1




USA)®] Atlantis Hilic column (150 x 2.0 mm, 5 um)2&- A&
sk em, £4-8 0.3 ml/min, injection volume 1 ul, Z#
L 40°CE S} TH(Table 3).

Male Sprague-Dqwley (SD)Al HE(5F%)S
2 A Fo R R vt A3 sEAA Hag 5y
F& 55+10, 271315 10-18 F/hr,
HF7] (TA AS~194] &%), 2% 150~300
Lux®] 275 fAHA w3tA17] § Ao ARgsisle
o, BAS A A5 275+25g2] A=E AT BE
Aol Ab&ehe Bt AFESE &2 AT flo] sk
AT ol w3l HAEFE F=7]0 HA
AHOIAIE e st 7L7Jr gk mE A &A 24 17 =8 A
Hskdth s & v = o9 Alg F&87], &
2 ¥ Fo] Mg ]Oﬂ O]E]X] 27l Z«] sklom, 7}
7}o] = B poolingdtal Atgh oty Ad EAAIZHA
-80°Col| BAstATE =HZ Mol CO,ZE vHF3sH (1 gage,
30-60%) vHE =S FE§ 7R e v g3
o] EHA AEE EdlsHozr dES FHah Ad
3l ZAe ZA] vacutainer tube (no additive, tube interior
coating-silicone)®l| tube BHE we} 243 P oF 304
A Ao W% 3 centrifuge®l] 3000 rpm, 4°C =719

Table 3. The LC/TOFMS system for analysis of fatty acids
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A1 1587 4 -ﬂ'ﬂo}o% g3s 2ed §, 2od g€
R poolingshe] A3 tha A3 A AI7FA] -80°Col| B
A3kt

A HHT
&, 9% 9 opmih, &, A FEE St &)
Cold 50% acetonitrile, 100% acetonitrile, methanol, acetone
S TEo2 AMEEOIH O, waters oFF| =AY, T EAA]
ARESEAAL, ethere AAF EA4A] ARE-sEATE el &
aggregationdtol A ZFA|7| 3L, A E4-o] golsHA F=
7] 9t FEE&uE Wy st APES AAEHATH
200 ple] =(23) AEZel 600 pl] cold acetone (50% aceto-
nitrile, 100% acetonitrile, methanol, water) & %3 3&7F
vortexing3FSIth. 4°CollA] 3087F MR 3, 14,000 g, 4°ColA]
204-7F centrifuger 71T}, 500 ul9] 4 FH&l da& 7k~
FZ=A1ZIth 1 mL 50% acetonitrileS 23 20%-7F vortexing
T FZ9-2 PTFE membrane ﬁleter (0.2 um)=. filtration
S LC vialoll &t AHE FE2A], 200 ple] =(EA)
5 6N HCE ©|-83t pH 125 ‘;lé %, 600 ul2] ether
S Yo & 387 vortexingd T} 14 OOOg 4°CoNq 5E7F
centrifuger 1 ¥, 2 N-E F3) vialoll %71 %, andhydrous
sodium sulfateZ %——‘EE}. N 250 ue FHa dA TEAE
AR} A8 1 mLe] 50% acetonitrile

b o o

e

il

©]-8314 evaporation

LC 71714 Agilent Technologies 1200 series
Column Atlantis HILIC column; 5 um, 150 x 2.0 mm
Flow rate (ml/min) 0.3
A - 200 mM Ammonium Formate (pH 6.8)
B -100% ACN

Mobile phase time(min) A(%) B(%)
2.0 5 95
8.0 90 10
11.0 95
20.0 95

Injection volume (ul) 1

Column temperature (°C) 40

MS 71714 Agilent Technologies 6530 Accurate-Mass

Ionization mode ESI+Agilent Jet Stream

Gas temperature (°C) 350

Gas flow (I/min) 6

Nebulizer (psi) 30

Sheath gas temperature (°C) 400

Sheath gas flow (I/min) 11

Ion polarity Negative

Skimmer (V) 65

Fragmentor voltage (V) 110

Collision energy (V) 1
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S 93 20%7F vortexingdt & %—%O—E% PTFE membrane
fileter (0.2 um)ZE filtrationd+ & vialdl] &=t 53
WO F 200 ule] Algol z+ LIQE—% spikingdte] A&
A s T

HolE X=]
B]©]E)= Masshunter Mass Profiler Software (CA, USA)
= ol&3at Asiint. Sl E WA st A elek= W
ol et wlolElE ANOVAE o] &3tedr] A &e] fod
< Adaich

2 o

MS modeE {91 o] 2}

oAk, T, A k] A L] MS o] EE FYE 9
& 7 AR FS89(1000ppb)S AH&-3ke] ESI positieve
R g pegative R =, ZFzto|Ae] MS 2FE--S U W&
o}, o}w] =4k ESI positive ==, B2 ESI negative ==, A
W4k ESI negative Z=0141€] full scan spectrumel| X 3]/
o] FajolLo] FAE T T3 collision energyS 347
] full scandlte] ion¢] ZZt== HE-S #2431t Collision
energy= MS/MSoIA Z/NF o] 2(product ion)2] Aol S
23k parameter©|H, ¥ AolA 3= oln At T, A
HPALS. Balako] 2 E-Zlo] oflJEE [VEE 2Ve| collsion

energyS U} Table 49} 7o) 2z} opm|eih o XAtk

o]-g3te] &g YA 7HA] 7 81 TH(Table 4).
3| -guf TR GE MXI v
SHE MSxdl Atete HA o HdAg

7] flste] {718 o 24, RS wstetoix] AF

S AAE T TS AE (=9 EH)S 50% acetonitrile,

100% acetonitrile, acetone, methanol, water, etherS ©|-&35}]

FEotodA ZHztel| e AW A S Blasiith A 3

3lo]4 wHEsilon, 747 el ME & FEe A=

9144 YERITHP <0.05) (Table 5, Table 6).

1% Y 2

LQV8 THALY] EAojM LC/TOFMS 089 {37

E AN Ee 7, APA, AP, tlolE
o] -8 LC/TOFMSE ©]4-3}] EHAM]EA éi
skl Ul thAIAI2] global 2 targeting profile

A3k tE. LC/TOFMS+E high resolution mass spectrometry

2] 2Fo| FEULS Zo = oldle] SuEl= A o
el A H3E 2A5H7] s A<l el
AR E screeningste] HE glom, wak 54 i}

£ A

A opuliedt, g, Argke] Uil
ggsto 2y FEUS o =g i 7
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Ag Addsteln W Y=g 348 5 Aok
2
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*@

Fo]&(precursor ion)Z 277 o] (product iony& T F
AR, TOFMSS] high resolution mass spectrometry”| <

o) N&E B AL 5 9l

Table 4. Selected precursor and product ion masses of 17 endogenous metabolites used in MS/MS mode for Qualification

precursor ion (m/z)

No. compound —[M + Hor [M — H] product ion (m/z) Formula
1 glycine 76.0393 59.04788 C,H,NO,"
2 alanine 90.0550 70.00416 C;HNO,"
3 serine 106.0499 88.03974 C;HNO;"
4 proline 116.0706 70.06340 C;H,,NO,"
5 valine 118.0863 72.08173 CH,NO,"
6 threonine 120.0655 74.05905 CH,)NO;"
7 leucine 132.1019 86.09674 C,H,,NO,
8 asparagine 133.0608 87.05629 C,HN,0,"
9 glutamine 147.0764 130.05069 C;H, N,0,"
10 methionine 150.0583 104.04958 C;H,,NO,S”
11 histidine 156.0768 110.06903 C¢H,(N,0,"
12 phenylalanine 166.0863 120.08069 C,H,,NO,"
13 glucose 179.0561 84.00912 CH, 04
14 maltose 341.1089 161.04427 C,H,,0,’
15 decanoic acid 171.1391 168.83620 C,oH,,0,
16 linoleic acid 279.2330 232.93521 C,H,10,
17 oleic acid 281.2486 232.93481 C,H;,0,
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Table 5. Peak area of urine samples extracted by each solvent (50% acetonitrile, 100% acetonitrile, acetone, methanol, water, ether)

No. compound 50% acetonitrile ~ 100% acetonitrile acetone methanol water”z)
or ether

1 glycine 851090 = 15877 53414 + 253 437373 £ 131 1013230 + 528 1003666 + 532
2 alanine 40346 +£313 167742 =78 649416 + 199 752178 £ 35 34498 £ 15
3 serine 304358 £ 248 88018 + 275 214428 + 112 337472 £ 234 313462 + 481
4 proline 1058034 + 7845 502155+ 123 1519025 + 114 1596308 + 28 1585193 +231
5 valine 7237360 + 53563 3827886 + 2082 9985635 + 84 10629195 + 201 10289609 + 203
6 threonine 383217 +35 631912 + 8021 879043 £ 97 486785 + 241 405969 + 201
7 leucine 789025 + 641 683476 + 548 1151065 + 77 870874 + 124 762940 + 408
8 asparagine 838373 + 229 135735 £ 51 411516 + 206 927635+ 122 899789 + 411
9 glutamine 1763738 +212 259190 + 50 1090227 + 86 1831639 + 476 1667834 + 376
10 methionine 87049 + 78 92466 + 8 85790 £ 25 554767 £33 125907 + 35
11 histidine 24500 + 40 45840 + 160 29890 + 130 109500 + 132 47370 £ 280
12 phenylalanine 238718 =437 534+1 4984 +9 426636 =49 252512 + 361
13 glucose 1156681 £ 151 962395 + 133 1175007 + 217 1220288 + 194 1184702 + 113
14 maltose 501440 £ 47 82742 £ 26 412119+ 114 548816 + 37 519987 £ 55
15 decanoic acid 153+1 450+ 6 1892 + 15 230+ 1 1864 + 1
16 linoleic acid 7183 51 13478 £51 12822+ 19 14886 + 122 11227+9
17 oleic acid 6305 £33 6361 + 17 7013 £25 10350 + 52 7390 £ 4

DWater solvent used in case of 1~14 compound analysis

JEther solvent used in case of 15~17 compound analysis
9Mean + standard deviation of 3 replications

Table 6. Peak area of serum samples extracted by each solvent (50% acetonitrile, 100% acetonitrile, acetone, methanol, water, ether)

No. compound 50% acetonitrile ~ 100% acetonitrile acetone methanol water”b
or ether

1 glycine 956301 + 6997% 667787 £ 135 648323 £ 5615 1487764 + 104 1136661 £228
2 alanine 3676445 +2199 2113290 +276 2113055+ 18301 4083973 + 386 2885383 + 519
3 serine 1956980 + 1025 891364 + 785 1152889 + 9990 2149854 + 596 1408936 + 293
4 proline 3701422 + 3312 2482177 + 171 2336491 + 2025 4232475 + 662 2761348 + 522
5 valine 4874186 + 4270 3756952 + 1056 3323734 + 2882 5538459 + 487 5764116 + 3411
6 threonine 3116533 £2771 1404291 + 200 2098686 + 1817 3385382+ 617 2135807 + 514
7 leucine 6004626 + 5203 4956823 + 662 4245819 +3678 94494158 + 713 1167+5
8 asparagine 484052 £ 572 212459 £ 154 208674 + 1816 560928 +£ 177 328673 £ 24
9 glutamine 10273007 £ 9672 4594689 + 761 5450485 + 4725 11779308 £ 1606 7103435+ 1418
10 methionine 716090 £ 700 465304 + 22 417827 + 3620 785825 + 163 594221 + 149
11 histidine 1203695 + 1689 546428 +207 772042 + 6737 1452210 +299 824462 + 243
12 phenylalanine 1572374 + 1609 1378081 + 244 1144836 + 9925 1861015 + 349 1203102 + 201
13 glucose 5833+ 14 4844 £3 1380+ 8 6700 £ 12 5199+2
14 maltose 4772+ 9 31739 3348 £ 17 4956 +2 1750+ 6
15 decanoic acid 75+ 1 5224 +90 78 £ 1 3618 + 10 91+2
16 linoleic acid 2723+ 6 19002 + 169 12504 + 18 77722 + 124 394+ 4
17 oleic acid 3506+ 9 9863 £ 16 13423 £ 13 81005+ 130 3666

DWater solvent used in case of 1~14 compound analysis

JEther solvent used in case of 15~17 compound analysis
YMean + standard deviation of 3 replications
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Table 7. The optimized solvents for analyzing endogeous metab-
olites of urine and serum by LC/TOFMS

amino acids
Methanol
Methanol

Solvents fatty acids
Methanol

Methanol

sugars
Methanol
Methanol

Urine

Serum

1[

[¢]

} 1 913} methanolZ} etherol| Xl =&&o] a3}
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JE1& H|23te] ofu|iit o X|HIAF Zhzbo] F A
Al A3, ok @3 EFolX Methanols
S| 2 AT 4 JATHTable 7). A1E A2
33] o]t Wk 2™, peak area®l] WS H]
ANOVA testE o83l F2A]8 | tjal oS 3
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