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Abstract: Metabolomics is the qualitative and quantitative study of the whole metabolome within a biological system.
Metabolomics attempts to systematically integrate metabolic processes using data accumulated from nuclear magnetic
resonance (NMR) and mass spectrometry (MS). NMR exploits the absorption and re—emission of electromagnetic radiation
by nuclei exposed to a magnetic field. Additionally, NMR reveals the specific quantum mechanical magnetic properties of
the atomic nucleus. MS is an analytical technique that provides spectra of the masses of the atoms or molecules comprising a
sample. From these spectra, researchers can determine the elemental or isotopic signature of a sample, the masses of its
constituent particles and molecules, and the chemical structures of molecules such as peptides. NMR and MS are among the
most widely used technical platforms in metabolomics research, enabling the acquisition of detailed and systematic
information of the biological systems under study. Currently, metabolomics has become an effective tool in researching
traditional ecologies such as soil and marine ecology. At present, metabolomics is increasingly connecting with other
systematic ‘ omics’ fields such as proteomics and genomics. The fusion of ecology with metabolomics and the merging of
metabolomics with other relevant techniques promise the establishment and development of a new ‘ omics’ field—ecological
metabolomics, or ecometabolomics. Ecometabolomics primarily aims to identify the global metabolomic response of an
organism to environmental changes, and thereby enhance our understanding of how different species interact and co-evolve.
Increasingly , ecologists are recognizing the importance of understanding how the metabolome and total number of metabolites
respond to environmental changes. In four sections, this paper discusses recent applications of metabolomics techniques in

ecological studies. The first section introduces the concepts of metabolomics and ecometabolomics and outlines their
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developmental history. The second section focuses on the widely used NMR and MS techniques. NMR includes 'H NMR,
“C NMR, *P NMR, "0 NMR and "N NMR, whereas MS techniques include gas chromatogram-mass spectrometry ( GC-
MS) , liquid chromatogram-mass spectrometry ( LC-MS) , and directed infusion or injection mass spectrometry ( DIMS). In
the third section, the application status of metabolomics techniques in ecological research is discussed from two
perspectives. At the biological tissue level, metabolomics has been applied to individual, population, and community
ecologies. At the organism level, it has been adopted for species-level identification in animal ecology, plant ecology and
microbial ecology. The forth section discusses the future challenges and perspectives of ecometabolomics. First,
metabolomics will become more comprehensively integrated with other systematic biological techniques. Second, multiple
analytical methods and techniques adopted in metabolomics will be simultaneously applied to single biological samples,
enabling the synchronous accumulation of qualitative and quantitative data within a very short time. Third, a metabolomics
database will be compiled and expanded to facilitate scientific research and to increase the analytical efficiency of both
bioinformatics and metabolomics. The paper also suggests the roles for future ecologists. In conclusion, techniques relevant
to metabolomics will be widely and intensively applied in ecological research such as pressure response, life cycle variation,

population structure, interaction and circulation of nutrients, and ecological niches.
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Table 1 Definitions and methods used in metabolomics studies {216
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Fig.1 Ecological topics where ecometabolomics should represent a direct tool to advance!!”!

211 BREIREE ('H NMR)

"H 100% [ K AR 3= BE T HAE NMR 335 12 i iy B R Bk " H NMR 35 18] v, RRAE DA S i 1 AL 2 R 45
PRSI RPIE W TR] F) 5 B8 L 46 75 R [ BRI T H A ECH B, il T BR J0 ith 2 g B2 55 00 B AR ORLE L
"H NMREE A A AT R 2B, T T 45 HE 1 . 2005 4F, Rosenblum 55 AH'H NMR 54 1 A4
JENLLH2 ( Haliotis rufescens) TEEH) IRIE JEAZAE WG S R T HUAAZRAE (withering syndrome ) 54X
YIRS 137 1) B 56 2R, GIE B 17 H NMR AR 2% A B2 FH T 0 8 4 s B4 I 58 A T AT 42 L
"H NMRJ™IZ I T A 26 98 | B 400 05 R i 98 25 5 90 12 W Aig BB BAF 58 U, Pearce 5% A JE 2
"H NMRIFBA T 46242 % B 2 A WA SRS P e i /K7 55 2L B B R B IR R & 06 R 12 L ok, ARt
AR AL IR ARA T RBREUR R, A A -2 i€ P B ( L-carnitine ) 1Y) 7% 3 B it - [ 9 o DB A%
T L4% S0 (high field single quantum coherence filtering "H-NMR) 1" | 3 58 K959 78 B B 04 180 20 PR B £ ke
%Hﬁéﬁ;ﬂ\:ﬂﬁﬁiﬁ%(high-resolution magic angle spinning 'H NMR, HR-MAS '"H NMR) (27] AE L
2.1.2 BEEIRERE (P C NMR)

P C11% BIBAR TR F= BEAEH T DE ARG IR s ER T SEC PT BE . S GE R 2R BRFoRA 1, P C
VE R MR R 28, A T a3 TS YL Al NMR A5 R BAEAE A, P C NMR B T n] $2 HE AR
BB WA BLEOC R AR BN IR B X 3 v AR S IR A B 45 4 . A1, P C NMR BERS 984N H NMR AN g
D5 AN P SUR R Tk DX & i 2 A WL A= R 2R e A BN 2 . Kalaitzis 55 A7 C NMR 5'H
NMR Bt H ,U\?%1J21§T%§HEPEZ%*@(W'L‘H%E:%%%E$@T§ZE@ bromotyrosine ﬂi%ﬁ&[zs] . AR EFRHA
XT&’fk%%ﬁﬁ%jfzﬁ?‘z;j\:%ﬁﬁﬁ%(CrOSS—polariZation magic angle spinning Bc NMR, CP-MAS B NMR)%*ET*E
WA WA LK ST (o 10 5 204 b A% |+ 33 SRR e R
213 JABTTREREIRDE

B T'H NMR F1°C NMR 8, HoAt o0 3 a9 e 3 i i 1t T AL A5 ' P RIR AN 100% , H
BECR SAEY AR RS R B U], L™ P NMR ] T2 B AR 4 4 0 18 B AR DG 1l 012 S 17 3 ) 7 WF
G50 F NMR AT FHR 5T & 505 Yo 1 U W R A A% | & S 2 e NI 7 FH S AR LB ot
Ob Wt IEPRF A TR AL AT e R LA 0 PN AR

http ; //www.ecologica.cn



&
HlE

4962 2 SO Eire 5%

2.2 ok

JT i e — R T B A% LI 14 3 A D7k, DR ) o stfe L R 0P R e e T 28 3 B s i
AR AR “E AT 5E T A s P M BT R ) TR 2588 k3R T Bk BORTEA 4 2 rh
A EERTE S AR R AR TR AR T AR A AR A A 1 A i AT A S A B
A 25 B PR B b 2 AR 2SR AR ) M B2 S 28 o SR SR
221 “UMHERE-FOEEK (GC-MS)

GC-MS HARM TG =W FE IR TA 22 W), S AR RE A AT A o 5 O 22 | et B8 55 PR 28 0 i A Ry
KeAr S A I E I TS S5 SR BRA:  (HL R T GC-MS B AR IR, 217 S B WA i s v iz, BT
B EE AT EE R B e BB i B ARG, GC-MS Al I = £
i EREE T ( Blakeslea trispora) UYL B A1 A AL 2 A4 FA i 17, JC H 2 A8 AR J6 2 (arachidonic acid ) X & Bk 7=
ﬁ-ﬁﬂ? l\ % (ﬁ—carotene) E"J?ﬁ ﬂ@ 7 o Wallis %Aﬁgﬁ%%% s % @1"&( Pinus contorta) ﬁ‘ n’I‘ qjj‘}ﬁ% \H”fﬁ"f&'_
P 2 S R A 1) 5 e DR 24 B 58 2 17 D 2 25 28 G bkt 2 AR [ i i 25 748 A, T 5 A0 | 1 B PR 3O AR
K GC-MS A WA SR LA FE A PRI | 8 5k 5 P L s e AR, AT T ST AR L U A )
PRAEY), FELEZS A B ARMRIRBE R ) 2B 25 T B RN Sl B ) 1R) 2 252 O 38 ST TR AR TV 900
222 WAHEIE-BUSHKH (LC-MS)

LC-MS 5 GC-MS A by i) i AR A T IO R AT A=A, PRI RT LA A 9 AR A S 22 | [ g R U 1
F NMR. FHT, LC-MS 7R Yha i A2 43 A S e 0 e S AT A T T 2 400 X A0 it P 356 1 3 1oz AL
il SRR AT N . LC-MS AR A JRy BRAE 1 56 78 AT A — R b RLES N BETE 4 4 B A AR, Ok
SRR AR K GC-MS 455l AT, Ok A AR AH 2 5 40 R BF S TR BE BT 8 £ . Doerfler 25 AR
F MetMAX A2 T AN COVAIN Siit T RFZ 508 7ok B R — A= P HE i 1 GC-MS A1 LC-MS i, # i % %
IR (Granger causality) 55, # 8 T 3T GC-LC-MS A4 & R AR, vl FIF U0 AR RIR gt
HAC B B S BS54 7E Ciborowski % A% R4 A ILY7 ¥ (ozonated autohemotherapy ) A HLAA I 3¢
X SR AR A e RS, GC-MS G ) 1) 7L 2 K P I 2 % 1 8, LC-MS WUkt 1 R AU ) T iy -LRb A b
EY
223 HIREANXE(DIMS)

DIMS 73 Hr v A AR A ity DAV 20 B 0 A % 18 - I e s (i 10 5 . el AR R v A A2 2%
R 53 B T BT#% L, DIMS AR 2 23 FER AR &% , 40 TOF (time of flight) | #1i# 25 Bif (orbitrap ) Al FT-
ICR (Fourier transform ion cyclotron resonance) %, 57525 @i%HEH A BTGH AR A G, DIMS 11945 2 B 411
il B A A [ A TEHE X G AE G4 S5 T S DL — et ) 3 3, i PR X 7 5 5 — 2 I i 7 52
WA B IE . FHT, DIMS ZERAIFEEY [ 48748 510 A W X PRI T T 1 #9141 S0 13 46
AR AR T T A R
224 JUEEARLEA A A R

G, S TR EOR G 78R R S AR BRAE TR A 20 b A2 2 (VP 2 T MS IR P&
TEA A A 2 R HIAT RO 4, AN B4 LK B (MS) (B T8 ik (MS) 45, ok, 3 H YA 4Ly
FAEI R A i, 7E A A A 2 SRR PR R A N BAT SR R 2R 257 S BT 4 A AR
P el 5 MBS H OGRS AL o T T FEAOACEI A o H B 419 LC-MS Al LC-MS/MS £ A,
ST T B A B R A AR v A D7 ik | A B R B T Y T AR I | T AR S R G R S TR
WFIE IR A W ARG A5 A 2

3 REAZRRAREESFEHRHRINA
TR A2 O BOR NMR Fl MS e BT ORFE S04 dil i sl 2 LA A QI P 20 2 b, kT4t B AR i s =

http ; //www.ecologica.cn



158 B A S T R R 4963

A= WA FIRE 7 X0 A PR A2 AL A 2 AP i 7, H A ASHZE 2 BOR S5 RIS 7 gk i RS W4 8,
AA IR T2 5 A A G Z A SC 2R AN )38 35 /- W o ) ) RE LA A DR vh A () R TRD £ 3 [) 2
AT AT A BORTE PR W A 25 R G TV A5 10 A 2852 S b kA | A 250 S 031 25 BB A 2527 5T
iR I E R ), ARSI TR T, 03 SR AR SC LA W SR YR AE ISR ) o A | iR AR i
A ARTEAER2AIF PRI
3.1 A LUZ KISy
311 MAESS

A R RS AR 2535 G 1 e 1 —— il PR AR EE | R A T A BORTE BB RL 27 vh 07 FH dee Shy )42 1 4
FLrp o R de R 2 e AR A LS ), LR R SR E MK E R BT, AR A A AR R
22 1 T M0 A= A o8 B 45 72 A 8 A o BRAAE A el 17, W98 45 SR AT AR S AR DG AR S RS HIR AT I TE (R 5, 11
i, PREE b R A LTS G W RE % IR 2B W i 2R B G RN A% 4 i AR A I O = BE G I 45 2E A
Samuelsson %5 A\ PAAE 6 7E & Wkt 22 7] £, i — 5 ( ethinyloestradiol, EE2) 15 4L 35 H (% WL BE ( Oncorhynchus
mykiss) ABTFERT G ] NMR EOR$G T 5308 ) A QS ) 2 I8 50 vh 9 AR 0 75 ) | 2 T ] DA e {4 2 (gt
RS2 Z R IR U i AR 2= B B T F TSR AR AR S B S AR IR R T Y
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