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Abstract Metabolomics is one of latest '-omics',
which is to analyze metabolome in cells, tissues and
biofluids and to study metabolisms. It has become
increasingly popular since 1990. The first goal of
metabolomics is to analyze metabolites in a technical
aspect. The major two analytical platforms in
metabolomics are NMR spectroscopy and mass
spectrometry (MS). MS is superior to NMR for
detecting many more metabolites. That is one of the
most important factors in metabolomics. However,
NMR also has several advantages over MS. In this
firstly introduced metabolomics by
comparing NMR-based metabolomics and MS-based
metabolomics. Second, I explored technical issues on
sample preparation and NMR experiments for
metabolite identification and quantification.
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A&

4 A& (genomics), AARA 8}
(transcriptomics), Y A& (proteomics), T
A} € (metabolomics) &3 #2  Q4lA
(* —omics’ )9 T A el dojuh=
A NS AFstes dHHTdS vl =3k
t}h ol Qul A Eo] b HLo] 5#3s A
o] tjAbAIsteld], 1990 A EHE F5 w7] A

Zrgcth, Ak s A el o 749
Hsle] wel A e JsAox wstsh=
A (metabolome) & w418k, FFS ¥
< tAb(metabolism) & #Alqketar, a4 e
shitolth, 93714 tiAbAlRRE AL AAl qhel
U= 9F 1.5 kDa ©Jste] 54 7hssh e i
A5 A (set)olty. 18] 1A iRz

Els

thAFE2 (metabolite) o] 2} a1
LS, OARAIZE AR doletd, diibE
A4 (element) 2 Adolth A= WiQ
A (endogenous) wAFETE  ofyE} 9]l
(exogenous) A& Egsit) o E &
AIEE, AFREA, s 2 okE dAEA,
HAte]l tgrtEd T A dAEZAo|th
Human Metabolome Database (HMDB) %7
Aol =W, @A47EA 74,462 7R A A
Al Aol Qla, 1 Fell 29,266 A= W
AN tjArEAolth! w94 tArEA S
olRt} ¥ W 45,196 77} Utk 1A ol
AR Foll 7P B AL 54E UAEA
24 32,518 7I7F Stk I BEl2E oFm
JAFE A o] 2485 7, wAEC] tixtEZ 172
M, 54/58 tiAb=Edo] 164 7 o2 St
PARASE AF-] Al ZF2 koA AF S UAHE
A4S FAs= AFH AlF Ao 28y o=
02 eulAe Hwd w H d& ofyr
= Zo] £AdA(gene) st HAFE(MRNA) S
FEYE| = dHe] sAE A
A Z3HA| (polymer) o] a1, @2 20 7} 9]
ofmjAto]l AL FARE AAH FEA ol
THA AR, AAE, @A V|EEe] &

=] o
TArE=

]

i

flo Lo

i o

=)
ST

* Correspondence to: Young-Sang Jung, Jeongjail-ro, Bundang-gu, Seongnam-si, Gyeonggi-do, Republic of Korea,

Tel: 82-70-8292-7386; E-mail: youngsang.jung@gmail.com



Young sang Jung / J. Kor. Magn. Reson. Soc., Vol. 21, No. 3, 2017.

Ao gwe  #AE BE A
A w,
4 ¢ & qow A o Fe
golshl sk, wal ol @l )EmA

£Eo $H2 AsA foh wd oabEd
=7 dob® w49 thpyol tatEAe]

[¢]
mass spectrometry) 2} A7 FHEL 7]
(NMRS, nuclear magnetic resonance
spectroscopy)”7} St} ZF B4 FHlE o
o AEHIE AT theke gulsh AdE
A AMgEE A9t B Sa ARRAr)s
therst H7b gulsh Agstel AHERT 1 o
= high performance liquid
chromatography—tandem MS
(HPLC—MS/MS), ultra high performance

‘

liquid chromatography—high resolution
orbitrap MS (UHPLC—-HRMS), fast atom
bombardment ionization MS (FAB—-MS),
two—dimensional gas chromatography
quadrupole MS (GCxGC—-MS),
two—dimensional gas chromatography
time—of—flight MS (GCxGC—-TOF-MS),
nanoflow liquid

chromatography—electrospray
ionization—tandem MS (LC—ESI-MS/MS),

LC / quadruple time—of—flight mass
spectrometry (LC/QTOF—MS) & Ukt
MS 7]{F n8]7F itk vl NMR 7]RE i ARA]
gto] AH9-E=  solution NMR X3+ high
resolution magic angle spinning NMR
(HRMAS NMR) ZH|7}F F2 AREH AR, 7¢
= solid phase extraction NMR
(SPE-NMR), LC—-NMR, LC-SPE-NMR,

LC—MS—SPE-NMR #H|7} o] =H7|% 3%
o}

gARAEE AE S v olars, HEE E

A 2 AlE F 2 NMR s MS A¥E
HE ojdA vlm A= sk Aot F
74 vgE " o] gl Sy
'Metabolite/Metabolic profiling'e]3 ©& 3}
U+ 'Metabolic fingerprinting'e]t}. z; £-9]
o] JE-S v MMM A S ot 7+7tbo

AT w4 zolE FrskAl AR,
'Metabolite profiling'olAE= WA thAE = 2
%43} A= (quantification) S F3stcy, 1¢
s A dAEdSE T kA 2
(univariate) 41 ol o4l W

O R#E 't—student test', 'Mann—Whitney
U—test'7} 3Lt} Elaxs] 'Metabolic
fingerprinting' Aol tAlE2e 43
AgFs Aty 283 W AR S bl
W A Bt AFEHS AAE AR
wdteh, 29E 7 AFEYS iz = A7)
Z(variate) & 7FA 1L Atk 18A oY
HAEHS FAo BludttsE A2 F HY
FS AuEa AHEHS] ZfolE Aok
o= Ae oulsit}, o]= WHgFo] sh]l &
2 (univariate) 43+ S 2o B4
< Qs oyl Ak AQl A4S HEiA
=4 AN 1w o] =R
(multivariate) #=AJo|t}, oplsF 419 o
2 By o= FARE EX (PCA, principle
component analysis)©] \t}.?
thALA g AFelA HFZAA dAE dAEE
A 9 Fdo] Qi o] dAlAE FAY F
55 o dAatEdE o8 sk dARg
2 EE gAEEE a9 O drE =z
AA UF e 259 54 AT 9FS W
kA ol fFE Adwsit st 45 ¥ yolrhd,
Ao AT S =ol7] flElA Ak
A FAERE ol NS AN e BHEF
A5 5 23, 'immunoprecipitation', 'cell
invasion assay', 'DNA fragmentation assay’,
'histological analysis' 'serum biochemical
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Metabolomics ¢ Bl €o] 4 73

AR st o 2 71 R Ao R AMEE = 8o
+ ° Metabolomics’ O]E‘r7 o= FojR A
obE| A OiAHAl e BE dAHEAS
1% FIHoR BAE AS vt 1
A} Metabolomics & AZA o7+ It}
Al B4 TesERe 9Y 2HFE Vs Ay

SN ZA O]

W o R Al Yo e BEE UAEAEAE
A3k Aol ddAoR = A9 EVESH] W
Foltt, ¥ ou]oA Metabolomics’ +

MEAQl goljgtal B FHo] AAsivta Azt
Ao}, thArA g Ao A= © Metabolomics’

gt g0 gel® AT WA wep H2e o
g7t AF 2Au® A gEAQl Ao
metabolite profiling’ ¥} metabolic
profiling’ ©Jt}. o] &2 FH4¥ tAEA
ﬁ].aﬂ/q Ex—] il x—hz]:o 43 3].‘— 7—10 941:]?1—
IO o) % ogoli AR Egud A9
=11 of| A EE‘ T foje Fdsivn A74E

T Ut &, A F RS e el Sl
’\1 9.”&4 apo] 7t Sl
profiling’ <& 1+ b %ol #ol7F A=
Aleds el £ 9 84S e
Metabolic profiling’ = tAFEZS )AL
(metabolism) #A4le] &+ ¢ HS . o
29 % ° metabolite target analysis’ & A}
T AHgEE, ol MEFoEE tE £
o] H]&|A ‘° Metabolomics’ ¢ 7} t =t}
3 5 Qo gurstd, BAE 4259 o)
AHERE Y Asta, 1 QV}EX]U} =7

stal Hlw #Ast7] wEolt gSso® ke
s o= metabolic
fingerprinting’ ¥ metabolic
footprinting’ ©|t}. metabolic

fingerprinting’ < WA Z23lA™ S 314
Wi =, QV\]'EX] T4 9 A shA dn

A=A e s st "JEE ZHA AL Sl
AAEHS AR " A4S dkd
metabolic footprinting’ & ¥4 =wo]A

o«

+ ‘ metabolic fingerprinting’ ¥ ZA] %k
Aot A= #He ko] tErn, o &
oM MEE HicFsiAl © AEZ o] diAbA] A
EFS H] 3 Ak metabolic
fingerprinting’ ©] ¥ 11, ° AX ujckal’ <9
AR AHEHS H] 3 A5k

metabolic footprinting’ ©] ¥ t}. 3+H A}
A AFelA Y 2 HAZFS A gE

metabolic fingerprinting' < 7F& g1 w
2A A8 7hest A WA oEA il

o
[y

RS thAs BA¥ 3 ApgREcht o=
HEE e untargeted metabolic
profiling’ , ° global metabolic profiling’

golt ge ZloR B 5 glov gl AF
DR

3t ° Metabolite target analysis’
= lidgolgta & 4 Q)

AR 24 A 2 B

A QL thALAIEE 4] Au 2= AREAT]
(MS, mass spectrometry) 9} M =z}7] 3 &3
7] (NMRS, nuclear magnetic resonance
spectroscopy) 7} ATt F AWl 7 A
e 7HAL la, E%}-Eﬁﬂﬂ o] @zt
71w d71e Aol Ha, AFEATe &
Aol x| g EF7]e] dio] Hrt. o] F
AHE= OE m= AS Baror sy ol g
of A/ sk AFEMI|Y A T g
=74 st uS ol 2 S ) o))
Be AR dAAE SAT 5 9ok Aol
o @S Aol golatx i, A9 A
d (reproducibility) %! 41#]A (reliability) ©]
ot F-Fetths Aol ¥bd, @z Eyad
7= ZAeko] folsta, A AAA 2 AF
e wAW, FEst ok 9T 5 At o
AR Sl W57 B 50 ~ 70 ) mREO. R A,
MS tiH] oo s wo] 2 o}, 1
A1 NMR 7|9F tjAbA s A+t A& Al 1F
el thARE] zpol7t QQEAE e AY, A
gAow =2 X9 fgAatEdo] #ojst= o
AVdRe] dgt dArE & o dFeid. =
Auss dAEZE Ay dabet A 7bd 4o
=2 4 ALE 21, glycolysis,
gluconeogenesis, citric acid cycle, urea
cycle o] St}
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MS 7]%F thAbA e NMR 7]9b oAb & o)
g2 Axe A wHe wet 54 7hest
AR o] wg] A Eoh 28 AY WY
of wa, = o4 L B
(separation techniques) & AFE3sl= 7}l o}
g, & o FFo AFEA7E AHEskE T
of wel, = ojwl A% ZTgEZS APst=r}
of wel ZHH= gArrEZLS 54, A7]
5ol geka ek i, NMR o 355 Al&29
AA e 7F rdstch, HA)d Al=5e] AB-9+=, pH
5 97 gl &E8 9 (buffer solution)
S Y= A A7 dAFolth. ZA (tissue) A
8 22 A$ol%= HRMAS NMR & AFg3t 4
Tl &5 JEv 9401 NMR A5 &4

[e)
A%,

Z 20
ST

= =
< T,

7} Bdd, 78l NMR 289

=
54

FY dAEE B F3etE Aol oheh,
Agel o} gt BE BARAS HPst

Zlo] MS Ad 3 tin] == Folth 1A o]
EXHoZE NMR ©] MS HEt} Metabolomics
of O AggstAnt, AAHogE= 1 vigo|t}
71 o]4+ NMR ¢ -9+ MS o nlsl =7t
ok 1,000 vl o]/ zfo]7b wt7] wiFo|th

ANE FF R AR

A A EFe] ALgEE= NMR A3 Algs 34
T FRFE dE o Add dAA (iquid
state) AR WA (semi—solid state)
AZo|th, MAL AlFo= N 2, HFH
ol (cerebral spinal fluid), & (saliva) Z0°]
RN, AAe Fgo] w9 Ha kst vk
At Al Zoll= %4 (tissue) A E7F Atk A9
AA BE 2Ho] ARZE A 7Hsshd, A4,
A% 2 ], #HF, 99 5ol AF ARgE
T AAE el wEl F7EA g
NMR Al8F "= & At A= =24
S A AAN A EE == Aol
Z YRS 7S HuE oy =7
2 ewo] k. FuA= AAe 34 gl
o] JtarA el IulE (intact) F3S ARE
ato] A¥st= Aotk !0 248 AAg glo]
IO 2 AFESHE 495 HRMAS NMR A3 S
Zdq ~HEHS d=vh. HRMAS NMR 2
2 g 7kH o] Qlth dellA A7 X

BN
Sy
>

BN o 1o
=
e e

o] AA ol Ae 9, AAY B} F
of WAsts tAlEAS WEoly &4 S
tt E gaEe] e dAHE AR ofy
gal=o] AA %2 (insoluble) tiAHEZ
sAlel FAol Zhsstth a2a AFEY
A (resolution) &= NAA NMR W
&t

thAbAghe] B EA Q] AlRellE dA anlol
oItk 1 o 7bF Wo] A}EEE= Algi 3
Aqd, the NAG Almel FoE AojRo
Atk o714 42 AE (whole blood)e] At

1o 1 Ay

|57 Hoes AY dFEEe A ¥F
(blood plasma) %= 8% (blood serum)©]

AbgEY 34 g3 Ay g2 Ay
TAEE EEeta led, olE AlAsHA &
al NMR sk,
Car—Purcell-Meiboom—Gill (CPMG) NMR
pulse sequence & AREdlof st} o 7]A]
CPMG 9] 92 @iz} Adf #29] NMR
peak <= A|AsEI, Aol &2 UAHEZA 9
NMR peak A7]& o2 14 Al7]= W ol
o gy wreF dwAs Al A Aol
CPMG NMR pulse sequence & AFg3}#] &
ol Hrh. WA A WHozE= IH (3
kDa cut—off) & AFg3te] 8|8 o= Al
Ay, HEE (methanol), EZZ¥F
(chloroform), #9244t (perchloric acid), o}
A= (acetone), oA EYEZ (acetonitrile)
o &S o] HAAA AAg}, G
AE AAS A5 FHE A8l Wdo] =
o=t gyja AdfA o] folaith, wkd
Sld A A g Tl d ARl Jdd diAbE

18,19
A Z Arst 49 5 Qo

oz AW iy 3 diabAEr Aol
7V wol AFSEHE AREA, =2 ddEY
NMR A2HEHE 45 F A3, A A5 F
o 71 we thAlEA did FHE A3
o2 o]¥l AWe A O o4 A
I QT AW AR it gixbEA S 5%, pH,
o] &7} % (ionic strength) g =po)7} wj-¢- =t}
AW T S FASE B2 AN AWol
g 55 wel g wrh 10 v o] Aot
U7 % 3t} 3], chemical shift o] A 4
S T pH & ol2Aweo A, AARIY
2% pH = 5.5 ~ 6.5 A%9 W3E Hol,

5] ©
EEE

T R

;
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AEYA 87 o= 4.6 ~ 8.0 A E WA
sh= Helth 183 oA 10 W) =7t
AE WIS Belth20-22 T4 AW A=
i+ pH e} o] A% J&FS A3} st7] 9t
AA 27} A7 o) 200

Al T e A% NMR 48

NMR 7]8F thApA| Shol A ojAbA] Z2ad &
HeiA F=2 ARESE NMR A
dimensional (1D) proton (1H) NMR 2l&o]
t. 1D & AH&SkE ol B2 A1R29 NMR
AHEHS /2 A <ol A&EsA 471 4
djAolal, proton & FHsI= S M A=
7b o Ewe #HFolyl wiEelth. 1D 1H
NOESY —presat (nuclear Overhauser
spectroscopy presaturation; Bruker ZH],
noesyprld), 1D 1H CPMG-presat (Bruker
], cpmgpr) 7F thARA Z 29kl -s 9] a4
EA o7 AFE-EE NMR pulse sequence ©]
o}, T A3 ZFoA CPMG-presat 2 A 8o
Adl 227 A4 & A9 AVE 23 H2
(broad) NMR peak = AA37] a4 AR
sith, o & 5o dodo= wulz o At
A7 v EAS A4 CPMG-presat = AH&-
stk WhA, A F27F ALY EAEHA g
W A|Z3E=NOESY-presat & A&3ht}, 18
3 F A% WA © —presat’ & NMR 2
AEH E peak = AAE A

presaturation WH& A& th= AS Do)

NMR Alg° &d7} &Y o, '& peak A7
'"(water suppression)i= NMR A3AA FQ
sk olqr Fo shitoltt. A e Aol F Q3
tAFAI 8 Aol A= &3] water suppression
o] ZQ3}t}. Presaturation QJolx  TReksH
water suppression M Eo] gl vyl 2020
presaturation o] FH-2 A Lo i1, A3 Al
o HAstet AAAHS, e Ee AlRdE
FA3HA AFEelEEtE A E Eokst FFo
NMR A EH S 95 5 7] wZolth. A4A
$FNMR A3 WL on] B3y =iE5s
%3}%, Beckonert ©] Nature Protocols o &
%3 Aol gmAHow Fusk w3 =50
o2 o] Agel AHAFS w=w, 1D 1H
NOESY—presat 9 1D 1H CPMG—presat 9

AHEY 54 AQATHS
Axrr Aoy agla AR WA,
shimming, 90° pulse 274 = A]
Y hQAFhe 77 oF 153,
o}, 28y @S AlgFE9| Presaturation = Af
S35ty A stuEtE, #HAe wWolEtyw
B71E JEGPP oE B0l Sat—180
(saturation with adiabatic toggling of 180°
pulse inversion) 2}  WET-NOESY-1D
(Water suppression Enhanced through T1
effects—NOESY—1D) &= £ digle] & %
Aot} ?% 781} Chenomx NMR
Suite (Chenomx Inc., Edmonton, Canada) <
ARGl A A A e st H, o ds] 22O
o] Aetst= 1D 1H NOESY-—presat 233}
I A9 A e AREsIA NMR 23S @l
okgtt}t, oJ7]4] Chenomx ¥ NMR spectrum
o OIAAl T AHS 9% RZES ol
ol ApghEo] Abgstal Qv AE FH 4
NMR A8 A4 7k& Chenomx NMR Suite -
A shol=o] 1hs} 9t

oz tgated 485 fslA+ 1D 13C
AdS vEHA theFe two dimensional
(2D) NMR A3#S drh g4l d3do=z+=
1H—-1H J-resolved spectroscopy (JRES),
1H—1H correlation spectroscopy (COSY),
1H—-1H total correlation spectroscopy
(TOCSY), 13C distortionless enhancement
by polarization transfer (DEPT), 1H—13C
heteronuclear single quantum coherence
spectroscopy (HSQO), 1H-13C
heteronuclear multiple bond correlation
(HMBC) s°] 3t

o] &
N =2

Tl = tAHAISE ST 3837
w4719 71=4 5SS vasky 3t
o

Al FG Akl A =2l Aola, mhA]
#HoldE= NMR spectrum
processing 2 ThH=Z EXo| ths)jr] =23t
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