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1 I E IR BUBAR SR R A sk . it
A S N TH NMRAL 22 07 i 4 U 50 A 1 A A
Zn g AR 1 28] I 1T Sk 977 4 £ f I 3 AC
Yo, LUBIE 30 A0 20 2 09 A B2 DCTRUVBE X AT Sk
fgy 4 LA G R A B2, A AT Sk 7 X B AR
AT TELE AR R S
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1.1 MEREARSRIR RS &

DisE - EBE, BEMmEE
. Eokuh, FRE N D)ARIEE, WK N
BEUE, LLar#r 4l -E /K B R #F (ZnSOy4- TH,0) N
Znlf, H5 BECSCHER DT R 0 R G B g 3 4]
InE B 7.4, 32.1F1332.4 mg/kg 4l 1k i
B, A HC ML, MATHZ . A7 0 S50 25 1
N, Sk 57 4 40 X Zn Y 75 E R 32.6 mg/kg,
I, 7.4, 32.1F1332.4 mg/kg s Zofal Rt A 3k 65 41
s, AR Zet = | AR, D3FE
BHE WA bR 7 R BT (3.620.1) gt A Sk 712
JABY, 128 )5 ik AE &4 h, BEJE BA SE R
TIREALE 102 fa 1T R A0 ff R I, M AFEAE4 °C
FHEL0.5 hJ 3 000 r/min 0> 5 min, B )2 i 75 A
A, HWEEGEE, T-80 cCuKA vk
1.2 [0 H-NMRA 446

Vg ) B i %) 100 T AR AR TE F IR A5 T (20 °C)
VEAT## %5, FEppendorf Centrifuge 5415R 5 i &
OHLTF4°C, 13 000 t/minf 022 min, B EER T
Milliporei# JiE f& H (Millipore Amicon® ULTRA
3ku), #0330 min, 4°C, 13000 /min); &
I [R) 2 e I I A DSShRi , ISR I 163 1 A X
(Y P B AR AR A, XW-80A)i fiE
30 s, fHiyE 5 ACDSS (Anachro certified DSS
standard solution - 4.1361 mmol/L)i{ 7| 55 /1R 5] .
Z M TEFEAR R R, L4 4P ATHEA,
ML 53 6 FATHEAS, HAL 0 LSS FATHEA
BAFATHEARL0.45 mL 3 W T B 665+ H
NMRGE Y (Bruker AV 111 600 MHz) ik {7 4% i 5
KEFED,

1.3 HEALEBERSFHE

#'H NMR [ 80 3 9 (free induction decay,
FID){5 5 5 A #]Chenomx NMR suit (version 7.7,

R1 BHMBERESH
Tab.1 Acquisition parameters and data of 'H NMR

RESH BARER
parameter data
/K temperature 147.77
W45 /MHz  magnet frequency 600.13
BEAF /44 transients/scans 128
PEILEIR  recycle delay 1
PRIF AR/ frequency domain size 65536
HiETERE  spectral width 12 019.231
AR/ time domain size 32768
ik P51 pulse sequence noesygpprld.comp

Chenomx, Edmonton, Canada)fX f+, H shi47H
SRR PR AH AL T A IE HE 4 . LIDSS-d6iE
(0.0 ppm)fE Sy 4 R B 2= AL A O bR i, I x0T H:
HEAT R B R, RS B (CSD. M4 'H
NMRiE E o 55 1A OG5 B anfe 2= 60 5% . 0%
B RIETE . RRERITAE), LIDSS-d6i e
T T AU AR, 45 A Chenomx [ 7 B4 2 X
ARG EAE 5B — X b, RIS AS [ R AR
) B G 26 Pk BEAE o AR S FEAC I A RN T 1
7 SHE M St B Excel R A H, I3 T —A4>
AR M o DA S I O O R R AT R A —
fRAL IR, FEHEAT B/ Z3fe 1 1 51 53 BT (partial least
squares discrimination analysis, PLS-DA)F17; & &
FL: (variable importance in projection, VIP) 5347 .
PLS-DAZ} il il 1 R 7 P11 st 58 s s 70 #r , il
it ggplot 2 447 AT ALAE 5]

F2 22 AV 1 DL CF A (E 45 1fE 25) 3R
/N, JSPSS 18.05t 114k {1 One-Way ANOVAJT
2257 Hr Ml Tukey’ s {H 22 5 LU 3076 X B s 19 25 =+
WFEPEHAT TR, HP<0.0SHf, FRZERRIE,

2 4

2.1 MIERE L E R ARG

HR 48 Chenomx K {4 F 7 1) £ 48 2 % 1507 A <k
5 1L 5 A S BB DIE 5 38— Hexd o b, 45
RS2 AR Y, Horh a BRI M HAT A
23Fh . AHLER 1680 . HESRARD | REIR4 Jr4afh . 4
AR, LA A2 o PRI I R AGE IR A2 T i
R, T LA REE i .
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ao4o§ 32 19 50 -
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o=} E !
£ £ 0.030 46 25,26 34 49 3, 14|34
= E
2 00257 21 39,46 45 254047 16 5 2238
%3 3 | 2525 51 ¢
00204 46 39 255 5 31
R 228 4l 47 126 A
0.015 3 48 29 28 % 716 7% 56 14 . 38
0157 47
3 7 169 40 31
3 29 46 »l 29 DSS
0010 ass 28, 49 8 2 & 3
E 37 2 4 ,
0.005 7 Py 1 2 5 DSS
T 37 23 48 24 2948 2 15
0 IL l L Ada L l L 'l | u’\_lﬁu_._
9 8 7 6 5 4 3 2
WAL R /ppm
chemical shift
E1 HkgHEHMRESEHBIER

[ 3 55 M35 S I S VA8 v B, B SE N 1~10 ppmIX 8], JAJE AR A S48 DU A . 1L 132 EIR, 2. 1,6-i
K-B-D-E & W, 3.2-HIETIR, 4.2-BETREE, 5.2-BERTRE, 6.2-BERLKR, 7.2-8k %, 8228 MR% 2K, 9.3-KF%
THREE, 10.3-H A 25K M, 11.BER, 12. 2R, 13.AAERK, 14 KEmR, 15 PURMmR, 16. RITAERR, 17.83%m, 18. /1
B, 19 F78RR, 20 UL, 21. - EEHRK, 22. 28, 23. WER, 24. iR, 25 W& M, 26 #aAB%, 27. HEK, 28. 5
H, 29. ILE, 30. » THRER, 31 FRAM, 32. A, 33. @AM, 34 MEM, 35 WM, 36. M, 37. ML, 38. M43k,
39. KA, 40. AR, 41 FHEIRR, 42 WA, 43. 25, 44. 41EIR, 45. AR, 46. (WEIR, 47. WA, 48. JRWIE, 49. )%
H, 50. 40, S1VEE, 52. RA-4-F5E-L- = iR

Fig.1 Signal assignment spectrum of serum from M. amblycephala

Serum signal assignment fragment of blunt snout bream with assignment interval 1~10 ppm, metabolites were coded according to numbers; the follow-
ing metabolites were detected: 1. 1,3-dimethylurate, 2. 1,6-anhydro-f-D-glucose, 3. 2-aminobutyrate, 4. 2-hydroxybutyrate, 5. 2-hydroxyisobutyrate, 6.
2-hydroxyisovalerate, 7. 2-oxoglutarate, 8. 2-oxoisocaproate, 9. 3-hydroxybutyrate, 10. 3-methyl-2-oxovalerate, 11. acetate, 12. acetoacetate, 13. alanine,
14. arginine, 15.ascorbate, 16. aspartate, 17. betaine, 18. choline, 19. citrate, 20. creatine, 21.t-methylhistidine, 22. ethanol, 23. formate, 24. fumarate, 25.
glucose, 26.glutamine, 27. glycine, 28. guanosine, 29. inosine, 30. isobutyrate, 31. isoleucine, 32. lactate, 33.leucine, 34. lysine, 35 mannose, 36. me-
thionine, 37. nicotinurate, 38. pantothenate, 39. phenylalanine, 40. proline, 41. pyruvate, 42. sarcosine, 43. serine, 44. taurine, 45. threonine, 46. trypto-

phan, 47. tyrosine, 48 uracil, 49. uridine, 50. valine, 51. myo-Inositol, 52 trans-4-hydroxy-L-proline

2.2 PLS-DAFIPLS#H 1o 454

1Sk 5 1L 75 FEAS (L. M. HZH)AYPLS-DATS
SR, L. MATHAL R 4705 A 23 51 38 4 78
— i, VLIS AL N AR RN s 7R Y
2751 b, L5H, MS5HZH /B, X Uitk 7 )
R LAIMA 5 HA AR 46 B AR 5 1 7E 3 A
1y b, LATHA FEAA T, 1B AR 6 48 5
TEME 5 1] 2L, (B LATMEH 78 6 7 =) b B 2 43
B9, ULk 22 RE A 14 A e AR I T ) R[]
(K12), PLS-DA %Y 57 5 HE 5] #5 ] ¥] (Permutation
test, P=0.001)%% W )t Yk PLS-DAR % fity Jif 7 45 75
(%13).
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—4
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Fig.3 PLS-DA model validation by permutation tests
=10 =5 0 5 10 based on separation distance
ENo @il

principal component 1

2 Fk#H@EZeRZ . EEMEE)MEBEER
PLS-DAS 53 &
Fig.2 PLS-DA score plot of serum from M. amblycephala
with deficiency (L), normal (M) and excessive (H) Zn

3 vHie

T E T AL A R R AT, HEf
SCHRAE AN, 'H NMRAGH £ AR R BEAT K 7 IR 58
WA R TR, Al LU Z A M TS E JF
P g I B J5E 45 DR 30T #1288 A4 AR ARG 7 Y

S N v A 2T AR A TH NMRAC S 2 AR A
I T ¥ A (Ctenopharyngodon idella) 4 JF i IR M.
W, AN 2 S8Fh AT i ; Wagnerd§: |
JH'H NMRACH 2 2- BRI ST 1 28K 2 % KP4 7
fif: (Salmo salar)FFREFIALIA FR AP I RZ A, A
B T LI 23F I, N2 RE 25
W) 1 O PG e ) e A A s Wedl SR PR IE T
R R AR A0 8 XoF K22 G L PR R U A 38 2 1Y 5
M, 535 3RAFA0RN FI3 TR AR . Schock ]
FH'H NMRAC S 2H 2 B AR VPAS 1 4k v £k %
Xt 428 4 (Rachycentron canadum) (135 115 41 1052

& #R proline HLM
FLER lacate . ¢ ::
H%IHE glucose " -
NE R alanine 2 —
P AR lysine . g g high
w3 BERBME glutamine 5 i
@é Eﬂ@z? crfeatlne - | 5 -
i 8 A -4-F2H-L-IHE R trans-4-hydroxy-L-proline . 1
%ﬁ‘f 'g 4THIR taurine o [T ]
mé 225K serine . (]| '
5 -HIEAERE t-methylhistidine . am s
SR arginine . HE o
HiE W valine * amn
FEZ R methionine 5 nn
H &M mannose i im
12 3 4 s
VIP %5
VIP scores

E 4 Hk#hznikZ . EEMNTE)MBEERRGFDVIPESE

Fig. 4 Variable importance in projection score of serum metabolites from M. amblycephala with deficiency (L),

normal (M) and excessive (H) Zn
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x2 MBEERRPFWINRERE
Tab.2  List and concentration of serum differential metabolites mmol/L
Z AR
differential metabolites L M H
%8 proline 3.141%0.076" 1.780+0.122° 2.91£0.159°
MR lacate 6.439+0.299° 6.481+0.101° 6.840+0.055"

Hi%iHE  glucose

3.814+0.083"

3.551£0.157°

3.860+0.027"

%  alanine 0.518+0.015° 0.502+0.014* 0.592+0.011°
R lysine 0.263+0.016" 0.255+0.012° 0.328+0.008"
BAB%  glutamine 0.3170.003" 0.337+0.033" 0.402:£0.009"
WUER  creatine 0.140+0.012° 0.108+0.002° 0.164+0.003°
RR-4-FF-L-FHZ MR trans-4-hydroxy-L-proline 0.308+0.012° 0.312+0.040° 0.233+0.011°
4RER  taurine 0.874+0.023° 0.893+0.019° 0.797+0.014°
Y5 BR  serine 0.108+0.010° 0.141+0.008° 0.187+0.004°
IR t-methylhistidine 0.297+0.005° 0.264+0.008" 0.307+0.012°
FEARR  arginine 0.085+0.003* 0.071£0.014° 0.0950.006"
4R  valine 0.1890.005" 0.166+0.004° 0.190:£0.003"
HEEER  methionine 0.075+0.004° 0.078+0.002° 0.094:+0.002°
HFEM  mannose 0.041£0.003" 0.033+0.002" 0.047+0.001°¢

W FAT BB AR A R R 2 57 .35 (P<0.05, Tukey’si)

Notes: in the same line, different superscript letters are significantly different determined by Tukey’s test (P<0.05)

Wi, X 3AFP A T HEAT T 2 M AE B AR S X I
WP S2M A AT T e E R, BET
15Fh 2 ARy, B2 KA SRR M aE =
o SEAMBEME, A E M = 0L
U R g £, W T ZoXt A 3k 510
OS2, X1 W TH NMRAC 38 41 452 A ] LA i 2]
ZGiDS I EE =201

I 2 R 2 AR S 6 T R AR 1 22 AR . IR
i 0 LA 4 2 i A R LA R R S R A )
fL2EDiRe LR, B R IYIRIRE AT
IR Z AR, 5RIER & RE30% L, Wb
REARAG R P ERRZ WA . T RAE
EEFA R . MG ERER . £
fefm ZR)E e h iR EEEN, MEMmEN
SRR RN S 7ok S DN = 2 YN 187
) % A1 4 M ) 4Rk 00 5 L T A AR A R
B, IEmRE R —Rs & Y A - HREA,
IR o= il oA el = <o T S =i e e S
XFEh P B A . B A A SO R R IR A
HEAEHA, ZhaoSFPIHF T KB, &R 2% Ak
i (Oreochromis sp.)i= i W I AR B, 76
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TN, % AR o i 2 R B A v O R
TG 7L 5 BR B (Streptococcus agalactiae)BYe ke 3] £
FAEN, $Rm ARG A, (A Ik 48 e iR 0
FEE A W AR ) R AR E B . TEAS B
Hh, ekl A i D A Z R 5 R L H I A R
WETE, AT 5S4 52 g 45 2R R A
SR, Rk kD Znal i Zn R X AT Sk 65 T A
L B8 77 77 A= f i s e Y, 3 AT g R R i b
Zo it 5 Zndg 28 1 A Sk 05 48 A B ORIt
Zniif Z 13k % A1 Sk i 3 — s R v e
I 77 F i 2 R v AT R A AT Sk i 470 4 Ak iz DR
P — Ao N ML, LA R R
— A5

AHESE15F 22 A b, A 128 R
MR ol 2z R A R [A] 7 1y, X U B ) ) b Zn X
P13k B S FE R A AT R, RS B,
AR Zndit 2 22 5 20K B (Rattus norvegicus) Il iR
SRR, L 3 R R R AN fig
PP HAPHITEAR A, Sl R,
X (Gallus gallus)FRZnf 235 | FRIG A2 B4 ™.
A S (25 3 53 B, Rk Zndik = S B
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HH IR . NER . B2 R 55 8P 2 R % =
T Mt E A Zal]l SO 2R A BRI S, X
e, TRk Zngsk 5 0f A1 Sk 5 21 LR 5 i 1
e B IPR A o = S A ] BE A Zndk = RN i i 4y
FHOE LB I BB S B, S ELA
Ui B8 28 LR 7 18 UR R AR P,

LR 20 M AE AR ST, O AR
FH 40 4G % 0 55 A LY oy ff O 0 IE R A
Y, TEEREMARSNT, AR A RS
HHN AR . £ TR Bl AR AR e A2 AR iR . [
s WAARFN R AEW T, IR AT R R,
RN AN AR, 2 5EA R,
B ACPOE T M AE K BUNLTE LR . FLIRIE BR %
Lk A g AT 5 IFRERG 0 O &R, H g 45 R
W, IVE B LR K P 5 K B £ % U A
K, IR0 I FLER 7K - T A Ay JHF 2 BE fg B 72
JEFEFR o FEARSIE H, AR Zoad IR BT
VAT Sk 67 JHF O 45 40 R D R A ), AT 3L
WERFLRR I RE T R, SR ZLERMER, i
EIMEPAR S ET & 55—, il
P (L T v 0 A 8k A 5™ B 19 I R A0 A AR e
0, TP KB, R = Zn s T
5L BE) 1| 8 (Platichthys stellatus) L% 21 21 i %4
ORI £1 AR (0 2 PR AK, Znad R 25 R i
ST 20 B A0 A o T i 2T B R R s | R 3
NN 0 @ TR - & P N ORA I =R a
XEER, AR Zofl = Flad 50 AR O] R 2 ] 2
BE I 0 4SS RE T o AR SE e, Rk R
Znid i 30 Sk 5 0003 FLER G i, AT RE 2 1Ak
Hh ik 5 1Y Zn X A1 Sk 7 A B0 B R, (8 I 21 2R
FIFI 2L M A i /b, BRI T B e, i
ZURRe R P, SBUTA RS, [F
Fisf A AT Sk o5 0t Y 408 B 1 35 o BB A, DA T R 3K
I3 FLAR & 1 T o

2 BE R A 30 25 AR, ARSI rh R
Hh Zndil = F 5 e AR5 B0 5 2 0 ORORE) T e
VT I3 A B 2 s Bt AT 4 W 4G 35 1 — 01 5 B2 4R
b, R ZnXsd ATk 5 054 Q A i 3 520 . Sulib-
urska % PG W Z AT DL IR e N 09 2 B
R, Marchesini%E "W 5K B, H % 4 FEZn ]
DL R Ak i N B ) o A0 0 B 5 O 3R
B, ZnBEN /N B (Mus musculus) 8 X % %
AU ZnBEaE I8 75 20 i A SRR I 2K 43k, TG
SR T A, RIS il A 9 7 R

LR, R h Znih =2 A R 2 2 BUIE
REAZ 4, X AT HE 2 00 dh) JE AT i 1% W A A
E NS - Qilk 51 =

L5 LTk, R Znd = A 2 0 ]
S 05 S TR AU AR ACE, BERR . FLRR A
BRSPS A1 3k 5 2o FRR S BV E A= Wb iS W) o
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'"H NMR-based metabolomics studies on the effect of Zn in
blunt snout bream (Megalobrama amblycephala)

JIANG Ming ', YANG Changgeng ', WANG Weimin>, WENHua ', WU Fan ',
LIUWei', TIANJuan', LUXing', YU Lijuan’

(1. Fish Nutrition and Feed Division, Yangtze River Fisheries Research Institute,
China Academy of Fishery Sciences, Wuhan 430223, China;
2. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: A 'H NMR-based metabolomics approach was used to explore the impact of dietary Zn on the serum
metabolic profile of Megalobrama amblycephala. Fish were fed diets containing graded levels of Zn (7.4, 32.1,
and 332.4 mg/kg diet; supplied as ZnSO,-7H,0) for 12 weeks. We identified 52 metabolites in serum including 23
amino acids or intermediary metabolites, 16 organic acids, 4 sugars, 4 nucleic acids, 3 vitamins and 2 others. Mul-
tivariate data analyses (PLS-DA and VIP) showed dietary Zn affected the metabolic profile impartially and these
metabolites (such as proline, lactate, glucose, alanine, lysine, glutamine, creatine, trans-4-hydrox-L-proline, taur-
ine, serine, T-methylhistidine, arginine, valine, methionine and mannose) were identified as charactisteristic meta-
bolites. These metabolites are mainly increased in the groups (7.4 and 332.4 mg/kg diet) compared with the group
(32.1 mg/kg), suggesting that Zn deficiency and excess inhibited amino acid and carbohydrate metabolism. In con-
clusion, proline, lactate and glucose were found to have potentials for being new biomarkers for Zn nutritional

status of M. amblycephala.
Key words: Megalobrama amblycephala; zinc; metabolomics; proline; lactate
Corresponding author: WEN Hua. E-mail: wenhua.hb@163.com

Funding projects: China Agriculture Research System (CARS-45-8); Central Public-interest Scientific Institution
Basal Research Fund (2013JBFM22)

http://www.scxuebao.cn


http://www.scxuebao.cn

