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WE: W THEPFARSBIRANH PR A TRYRBEX, RZTRAFRMEE
W —TKAT B 1) Tk xR e U B-TT AR AN T JE B RO A AR R e B R AT AT
ZRET, EAPANAREER BN ARARMWRAEAE R AP HMHHE 60 £
RRE. TRRUDETESGLARRE. REFHERERHM. KA LEHHELS
RBRUA R BEBRR B TR FHRENA, B-FARANTRAZRIE RN &R H A
P, Bk A B EEBREE. - F AR EERIMNRILE RN 2480 & 2
EBRMAKEB-AEARMAEH LAY, HEARGRAAHAREREARA—F. L@iE
RA B-F BB A UKW R EAF B ER T A, B AR T ISR R A
IR E T E BT AR AL T AT BB A F B

R BEx eIl MUK B-7 AR, RE4¥

FESES:Q517; S968.31

WLAK (carnosine) J&) 32 73 A T A= Wik N H B
AEZAEEEN RS Y, b B-NER A L-
HERRA G ML, FE M TAEYE AR,
WURR A M)z A R, B TR G b
TR A+ 20 L R T 2 A, i B R gt
oAb . BOBEARST R A S 2 BAE H .
W, WURKAERE DR O I 78 95 5 N % 2 5 40t
WEAEENHRME

YERWUIRA B — M A, B-IN AR 2
Y ME—AETERY B RS ELR , TEAE WA N R
P M 7 A= B ok B I, R T AR e A
M, AZH5EARMNG Y, BT p-NARTE
NS5 THURE &, B, -7 (B-
alanine supplementation) AJ /E & —Ffi & F+i2 g fig )
MU 97 108 FR4b5R), BA H S A B K 2 B
SAERUERL flhn, B-79 E RR Ab s AR AL
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56 Ko kAR 45 &

Fuy, JUHAES S, RS DR — R
R FE 2 TR Rl . (E 2 BEE TR DL T T (R SR FE Y
HE)T, ULz B IR AR I DU K RS
FEM T FER R DR, el 4 3l Uik DL 5%
R KT, B T 3R FE S8R M SR B M ) 28 5 Y
{6 A% F AT DL 28 5 6 8 i) | B2 R, H R
JILIK A4 B 5 = B8 A g g 2, LR ™Y L o
1o 2B L B0 T g P £ 26 (LA K o AfE 2l
Yok, WUBRAHSCOT ST 0 R WARGE o 4 T i B-N &
PR ey DA o A g 2w, M A 2 2 A 4
AFBe, dlad 5 P e WU S 75 200 8 52 i DL i
1 B-N A RAN T, IFOFSE R M 1R 52 i
OF p-INARR S, A LU AL b S OHAR MR
A B 4 2 AU 1 A R IR ALK B 35 i A8k . B
RBEFEAN T i -1 Z R b ST i DA 4 )
SO SO IR AL R AL T R R, o
ey DL 9 3R BB AR S AR 4L 1 3R ) REL it

1 MRS TTE

L1 EXRMENHRESHAFEKELIE

AT B AR JEL S R DL SR W VLR L AR A B Vg
B, DA K iR 35 TE R (25 °C) /KGR T B-
WER [ A T AW TR (L) BhA RAR ] #
S LB T OK L 0.2 pg/mL; R EUS H1 72 L
FEH T, BRI DL ES 10 pL(EEgRd), PAE
SEE TR A, BHRE 6117, T
F12hE, BRI &4, fEE FRA TR
%, ZJ5 T80 °C UKAR AL 5 H o

PR SENG DL A SUREAS i A T8 DT UE
(FEE : 0 = gliZk=2:2 1 1) FUNER G & A DB
ML B S (60 Hz, 4 min, 4 °C); #ff B J5 X EEAS
VK B 7 (80 Hz, 10 min, 4 °C); —20 °C i &
120 min; &5.0» (25 000 xg, 4 °C, 15 min); |5
BTG A 10 % BRI KInE R
(80 Hz, 10 min, 4 °C) J5 &[> (25 000 xg, 4 °C,
15 min), HU W EHLHT o

1.2 BEREEIE—HIKRE (UPLC-MS/MS)
ST

S FH i He VA 43 (Acquity UPLC, Waters,
UK), 454 HSS T3 & AHAE (100 mmx2.1 mm, 1.8
um, Waters, UK) XJ2H 2R BORE i 047 (15 7025
0% A A IR i Bl 50 °C, i A 0.4 mL/min,
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HAR B A FK (5 0.1 % HER), Wi B A
FHEE (% 0.1 % HFR) . XA 4 ok F LA 86 B i
FTUEML: 100% A W PEME 2 min; B L] 9 min
WA 0 FTFF] 100%; 100 % B & YE Bt 2 min; A
WL A7) 2 min PIAN O - FH21 100 %,

XoF 8 5 A WA 43 R o3 B AR G
Xevo G2-XS QTOF (Waters, UK) 43 %l i#E47 1F B 1
3 (Positive, POS) Al 1 B FHL 2 (Negative, NEG)
KRR . IEE T, B B R AL
B> 3.0kV 1400V, T THRT, £
Y45 L e S HEFL L R 20 0o 2.0 kV FIT40.0 V, R
FH A5 B P B AR R EFT centroid B R4, — %
HEGE RN 50~1200 u, HFEEFEI 0.2s, XTT
HEEE T R 20 B 40 eV BURE R TR AL, X
LA MR EE, EREE R 0.2s, 7EEER
SRR, XSS S A 3 s TSR R IE
fifi F§ Progenesis QI version 2.2 £ #i& 43 B 8 44 %F o
R AT T XS L MR, H—1k. A&
BRI G % e S atr, Hrh, EEFEr
BT INE B T [M+H] . [M+NH4]", [M+K]".
[M+Na]", [M+H-H,0]"%; & FH=C 0 n a5
T8 [M-H] . [M+CI] #l [M+FA-H] %5, [ & 2%
YIUEE N 10 mg/Lo 8 H metaX® 5144 2 47 £ P
AL, 2 J5 X B A T g
1.3 SEHBRESENE

I 28 1R 43 BT ASORT JEE 52 ik DL JF 8 B-TH 44
B VRS ET . U5 A LU B J SR . R R
TG DU G ZIREAR (3 AT 7RI A T 1T S
EMAMR; MAREFREH LG 5
I AT H RS (10 min, T 200~300 W);
ZJE B (4°C, 9000 xg, 20 min), HU W5
UE (BB oy T 3 ku); WACAE T B VR P 4R 0.22 pm
IKAHE BT U8, B R TS 1 UR T8 K DL AR iR
(0.02 mol/L) i B J& #E 47 2 2 R 3 A 1% (LAS0SO,
HAH L AT BT SR AR B 38 b B
FE (4.6 mmx60.0 mm) FEATHE 53 EY . AR AR UE
oA H A H S R AR E R TR A (B 9 FT AN-
Ay, 2 A Ry AL T R 5 04 4.6 mm=(42.5
mm+42.5 mm); 38 A A 50 °C, SR RERE IR
135 °C; 2% " W 3 0.4 mL/min; B = B 3
0.35 mL/min, K 570 nm, AMEE] 150 min,

1.4 BUESHH
K FH AR i 43 AT 22 545 B (Fold Change) Fil
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13 FHRA, S B-IERRF T EE5E G DU 2R 14 52 ] 57

P (B % 22 5 R IR AR (n=6). ik S5 10
22 AR T 1.20 5/h T 0.83 LA K P value<0.05,
THEBLE, PR ESE T R EE L &
TR 8 B 5T T KEGG $dli %

i % A4 Progenesis QI version 2.2 F1 R &k {4
£ metaX X} AR HEAT A AT . AR ST
>R I Wilcoxon il ¢ 6 56 >4 ffy 12 52 36 20 FGS R ZH 22
[ AR 22 55 2 A8 gt o0 B ok A7 1A
bR Ak (pareto scaling) XF 504 £ 17 log, 5 e Fll Lb
BlREE S, 4 kAT 3 853 73 AT (principal compo-
nent analysis, PCA) Flft/N 3 H1 5737 (partial

least squares discrimination analysis, PLS-DA)>?,
2 &R

21 ZRGtHHER

e Xt B-TA & R b 7T 2H RN X BE AL AR R AT
PCA F1 PLS-DA 437 2 P-4t 5% 56 25 F%T i 2 2 [1a]
MGt %2%5% . PCAMRSERER, FEEET
W | R o W S W g S DO 4T €
TEZS B3 A W A3, 3R WY 2 A ] A AR =X
EAEZ 5 (K 1-a, b), PLS-DA /it — 0 &
H S 00 A R X R O o i RO — R, 2 B
PN fE S 0] R S, 25 EOR, B-
AR AN AL 50 B fm) 7= T 3 22 5% (] 1c,
d). FFAREAR AL T 95% & 5 X 5] . PLS-DA
IE 1B F RSB R S 500 01l R*=0.949 4, 0=
0.583 9 Fil R%=0.951 8, (’=0.553 6, ZEHEFH], #i
RUTCL B LA 4 HoRR i PE R 47, W e 4k
()22 5 1.5 3 AT o
22 ERRiETHIE

FIFH UPLC-MS 4341 2 20 RE 5L E POS 1 NEG
PR UT AR AL . HE 3R 18 023 AR
g (POS: 9 555; NEG: 8 468), H:H, MS1 Kk F
THERAT 6 907 MU (POS: 3 876; NEG: 3 031);
MS2 7K F #3678 3 577 SR (POS: 1 920;
NEG: 1 657),

FF POS B2 AL 2 5 31 381 A~ 22 AR
Horp LR A 235 F, FIRMREYAE 146 Fh;
JF NEG #3055 3 300 > 22 0ty , Hop
IR 2101 B, TR 98 B (K] 2-a,
b)o M ik 25 S AR i ik A B 2 2% 5 (Fold
Change >1.3 8¢ <0.73, P< 0.05) H.£7 B % 8 15 8 8%
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HERERACE Y 60 Fl (Hirh POS K 28 #1, NEG
R 32 B, 1), IRFEDLEER DR A 25 AR
PR R (K 3), SR BR, W4 B-NE
R 414 45 AR 4 3 (POS #5328 20 Fl, NEG
B 25 ) 5 1S AP AT T 9 (POS A=K 9 A,
NEG #5586 Fft), 2k 22 53 i 3 A 1R 4 0 435 Bk
KAEG YA GEZinE . S, RENE . A
FURBESE) . MR SHATAY) (2208 . A
R . B-INEBR . 2B A o-ff I —R5F) . HE
AR OGBS B . 2-2-46 A DU i A0 H- 3k 45 A
FAAR G (L H 23 R0 ) w) Rk ) (% 1), Hirp
SIS SXF AL, LA LR . AR
TR 22 F RS, T A AR . o
B 186 — 1 AN A5 R e 55
23 EFKEHIHREIRESHT

R T RS BTN &R R 5T R DL 24 AR
Ve A B e, o 22 AR 2 A KEGG
B e AT AC U B T, R AR 134
(POS #iK) A1 113 45 (NEG #5810 i % . H
L 60 Rt ek 22 AR I Y A B 25 SRR
% (Kl 4-a, b), Hr, 2Z2SMREYWHR2EM0E KA
R . EEROED SR . B-NE AL
W KRR YA . A BEH A SR
HEERM . oKLY S R R %,
AR 22 AR L3R 2,
24 B-AEERNKFEBEESH

B-N AR B 25 R o, IR p S
A BN . UK. (R-ZIR . Kl 3- 32 H-N
s FUEBREY IR T B- A IR FENLIK &
fiti (CRNS1; EC: 632.11) LT SHAMRL &
eI (K 5)
25 FEBOTUNELSER

TG B-TN R R T VS 5 I DL 4 41 207 S 3k
BRI e 25 R Bon, RS B-IN AR 125, 5
B 2 5 % HR A A AT 19 Pl R R & 2 % 4= A8 1k
(F3)o MLLXTREAL, JE 720G DUE 7 4t B-TH & R
Ja, EMER SRR TR, DKM RS
8 LA (& 6), SRR e R k2)
FAR—FL,

3 Tk

T R 5K B A 9 A 4 22 F 5 R E R
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B 1 EEMRIGES p-AEREXTREMSIE AR PCA F1 PLS-DA 5475 E

(2) 2T POS ) PCA &, (b) 2T NEG [f) PCA &, (c) % T POS ff) PLS-DA K, (d) 3 T NEG [J PLS-DA ;Wi &[5 SR XA, 41
ol S AC R EST B-H ARSI 4l; R*=0.949 4, (’=0.583 9 (POS); R’=0.9518, 0’=0.553 6 (NEG)
Fig. 1 After injecting f-alanine into M. coruscus, PCA and PLS-DA model score scatter plot of

the control group and the experimental group

(a) PCA graph based on POS, (b) PCA graph based on NEG, (¢) PLS-DA graph based on POS, (d) PLS-DA graph based on NEG; blue dots represent the
control group, red dots represent the injection of experimental groups of B-alanine; R*=0.949 4, 0°=0.583 9 (POS); R*=0.951 8, 0°=0.553 6 (NEG)

Yy N A N o3 1 ARG ) 2H R S H Bl A R AR )
M EEFB, BAmMEMEEENR R, B-
PR R D 78 B A A A T e Atb 3 49 4 9 9 0
AU SR T 3R T . R HE Ak . Bigs 57 A
PUEAEROR, MEES . 2% gmbl R
Ak FR5E Ty 2 A R AN AT . HAT B-IN &
TR AP FEAEAK = FRAE TP B A 2 0L, RS TR
# (Cyprinus carpio) 1 8 J& (Pleuronectes) /', B-
PR R b 70 1T G 3 0 28 i AR KRR R
U2 AHAH AL v AN B . SR ST IR DR R 3R
] AR A v ol e 2 R SR e A, HET N TG B-IN AR
XoF T DU AR B AR Ak 7 T 52 ) ) AH DG A SR R E .
T B-TR AR ST G DU A 2, R AR o
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WM FBe, XIE5E0a DS 7 ILEE ST B-T4 2 R RiT
Je RAE /N T AR B R A E AT T oo
WRFEAREM, B-NAMRIES IR, JE5hh 42
A e A= B R AL, 2 R B R AR A
FEMACHPR LA

FIAT 2 A0 A A -8 &R il il it 6 2R W)
RGBSR AR AR L 12 R/
CoA 1% . WmiBHUEMBRIE . RE AR/ AR
PR A . A =R/ R R ik A DL e IR R /MR I iR
AR KL IR PR IR A A WA N G R B-N R
M2, tehbh, bR A R BT R A 4
£ B-INARKFIIBE S o B-INERREMNF, A
JEE e T DL A g WE AR I A2 v BRTF IR 6 R i E
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Fig. 2 Volcano plots of differential metabolites

(a) and (b) were derived from POS and NEG, respectively, in the volcano plot, each point represents a metabolite, and the point size represents the VIP

value of this metabolite in the PLS-DA model; red dots indicate significantly up-regulated metabolites, blue dots indicate significantly down-regulated

metabolites, gray dots indicate no significant difference between the two groups

F1 EHPREREERRIVAR/TERRHYEER
Tab.1 Identification of SDMs after f-alanine supplementation

i B i ERMEHR PE ERMNE KEGGH ¥t Ruhigk
metabolites model m/z Fold  Pvalue Tifkf #EES'S  score  pathway
Change VIP  KEGG.ID

IKI5HE  stachyose POS 66723 2774 0014 573 C01613 42.80 map00052
JEWIRETE  lipoyl-AMP POS  558.09 9.50  0.007 3.82 C16238 34.00 map00785
H&=F manninotriose POS  487.17 8.05 0.005 3.82 C05404 39.10 map00052
4-HE R R & 4-sulfobenzaldehyde POS  204.03 5.76 0.001 3.90 C06679 39.60 map00623
JIRIZNS  adenine POS  136.06 4.42 0.022 2.69 C00147 42.00 map00230
a-1,5-L-fif$7 {4 =#% alpha-1,5-L-arabinotriose POS  432.17 3.32 0.000 3.50 C20571 43.40 map02010
5,10-9F R PSR 5,10-methylenetetrahydrofolate POS  458.18 310 0019 285 C00143 41.10 map00260
EHiBFE  diosgenin POS 43730 290  0.000  2.96 C08898 39.20 map01060
UK carnosine POS  227.11 2.86 0.009 1.43 C00386 47.90 map00340
3B-FAFE-5-IH AR 3 B-hydroxy-5-cholestenoate POS  439.32 2.48 0.003 2.56 C17333 39.50 map00120
2,3-dinor-8-iso- i 1] i 5 POS  346.26 170 0.031 1.86 C14795 35.70 map00590
2,3-dinor-8-iso prostaglandin flalpha
JigiE-2,3- Z R HE-2,3- Z A-hf A IR R POS 221.08 1.60 0.002 2.03 C06579 34.10 map00622
cis-2,3-dihydroxy-2,3-dihydro-p-cumate
13-BiEKHEH  13-deoxycarminomycin POS  538.12 1.55 0.004 1.82 C12428 44.00 map01057
S-IRFFRI %8 S-adenosylhomocysteine POS  407.11 1.48 0.006 1.60 C00021 49.10 map00270
WKEBE  BPAquinone POS  265.08 1.38 0.015 1.62 C13628 35.50 map00363
2- 1AV MR H i 2-arachidonoylglycerol POS  401.27 1.36 0.031 1.39 C13856 39.60 map04080
¥i#%% riboflavin POS  394.17 1.35 0.049 1.14 C00255 36.00 map00740
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60 KoE ¥R 45 %
- I
R B Fffl ERMAH PE ERME KEGGHE  Ht RifgR
metabolites model m/z Fold  Pvalue TifkfE #EFESHS  score  pathway
Change VIP KEGG.ID
iZFR8  ubiquinone-8 POS 744.59 1.34 0.043 147  Cl17569  39.90 map00130
WARAhYT  pravastatin POS 407.24 1.34 0.048 132 C01844 3590 map04976
4-$2THE  4-oxoretinol POS 283.20 0.73 0.005 135  Cl6683 4120 map00830
3-Fdk-2- F L e -5- 32 TR TR POS 136.04 0.59 0.033 173 C01270  29.00 map00750
3-hydroxy-2-methylpyridine-5-carboxylate
6-§24%-6-CLN B 6-hydroxyhexan-6-olide POS 169.03 0.58 0.031 1.68  C03241 4120 map00930
N6,N6,N6-= FI - L-Hi 7 R POS 171.15 0.55 0.017 1.82  C03793  40.30 map00310
N6,N6,N6-trimethyl-L-lysine
N-#i/ 68  N-methylnicotinate POS 155.08 0.52 0.016 222 C01004  39.00 map00760
N-Z Bt 9% 8  N-acetylornithine POS 157.10 0.40 0.043 212 C00437  57.10 map00220
fumEnE  cytosine POS 94.04 0.25 0.030 270  C00380  53.80 map00240
V-RHE-4-FHETH] gamma-amino-gamma-cyanobutanoate POS 129.07 0.20 0.002 3.63 C05715  39.90  map00460
13-ZARAEZRHMKE  13-dihydrodaunorubicin POS 552.18 0.17 0.030 3.05  Cl12430  37.50 map01057
EARMITER  lovastatin acid NEG 45724  67.81 0.02 402  C21130  37.50  map00999
5iX% #%F urdamycinone F NEG 549.17 4178 0.00 475  CI2410 4120 map01057
JKF5HE  stachyose NEG 71122 3039 0.00 484  CO01613  47.60 map00052
HEE=F manninotriose NEG  539.14  21.77 0.00 455  C05404 4320 map00052
SUEA R -RAFEF  isoswertisin 2”-rhamnoside NEG  637.18  19.19 0.02 396  CI12629  38.60 map00944
51 JE-5,6,7,8- U & s NEG 83528  13.26 0.00 419  C04488  38.50 map00680
5-methyl-5,6,7,8-tetrahydromethanopterin
HIEI4S  hypoxanthine NEG 135.03 1147 0.00 494  C00262  41.60 map00230
JERE  sucrose NEG 377.08 9.09 0.00 475 C00089  39.80 map00052
JKF5HE  stachyose NEG 701.19 7.85 0.01 3.62  CO01613  40.60 map00052
Z4W2  decanoic acid NEG  217.14 6.16 0.00 406  CO01571  39.70 map00061
8% pikromycin NEG  570.33 497 0.03 287  Cl11999 4350 map00522
B-D-BE Wl 5 B-D-] ) 4 FE i NEG 849.29 430 0.01 287  Cl7513  26.50  map00999
B-D-gentibiosyl B-D-glucosyl crocetin
Jit OB IR A% ER A TMP NEG 321.05 422 0.01 3.08 00364 3850 map00240
S - RAERETF  isoswertisin 2"-rhamnoside NEG  637.18 4.08 0.02 286  CI2629  36.90 map00944
o-1,5-L-Bil R A s I NEG 591.18 2.83 0.04 284 (20572 41.80 map02010
alpha-1,5-L-arabinotetraose
W EERR BRI R-1,2- A —RE NEG  217.03 2.44 0.00 2.61 C12622  39.40 map00360
cis-3-(3-carboxyethenyl)-3,5-cyclohexadiene-1,2-diol
LA ¥ERE  L-fuconate NEG  215.03 2.19 0.00 253 C01720  39.50 map00051
WHBH LKA premithramycin A2’ NEG  673.22 1.87 0.00 214  CI2385 3840 map01057
98-+ )\ Bk =/ 9(S)-HOT NEG 29321 1.83 0.04 174 Cl16326  56.40 map00592
TR REIRZS-3,7- - - R N 201 NEG  265.18 1.67 0.03 1.91 C19676  50.90  map00909
germacra-1(10),4,11(13)-trien-12-ol
M4 kI RC  deacetoxycephalosporin C NEG  402.09 1.64 0.01 177 C06565 3490 map00311
(1R,28,4S)-#1 7 — A A Ty NEG 199.13 1.63 0.01 1.56 C11410 5570 map00903
(1R,28,4S)-neoiso-dihydrocarveol
L5 -1 56-2- R F2ME  lampranthin 11 NEG 771.19 1.55 0.02 1.67  C08552 3470 map00965
9,12,13-FAF R 9,12,13-triHOME NEG 32923 1.47 0.03 149  Cl14833 4720 map00591
B-D-BE Wl 5 B-D-] ) 4 HE i NEG  1012.26 1.42 0.04 125  Cl16332  32.80 map00592
trans-2-enoyl-OPC6-CoA
fhFE B tacrolimus NEG  802.48 0.82 0.03 1.01  CO01375 3620 map01052
2"-N-ZWidk-6"- A -6 R HRC NEG 70231 0.57 0.05 1.66  C17587 3490 map00524

2"-N-acetyl-6'-deamino-6'-hydroxyneomycin C

https://www.china-fishery.cn
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134 EHEH, % B-HNERH TR 5T M DA 15 61
SR

R B Fumtt ERMAH PE ZERME KEGGH ¥ Rt
metabolites model m/z Fold Pvalue TUERE PEESS  score  pathway
Change VIP  KEGG.ID
B trypanothione NEG 76830  0.51 0.02 203 C02090 37.60 map00480
ENERE . BEE  glycero-3-phosphoethanolamine NEG 794.57 0.42 0.02 2.40 C21481 3540 map04216
[l citalopram aldehyde NEG 330.07 0.40 0.00 2.48 C16612 39.30  map00982
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Fig. 3 Hierarchical clustering analysis thermal map based on SDMs from POS (a) and NEG (b)
The relative metabolite level is depicted according to the color scale; red and blue indicate up-regulation and down-regulation, respectively
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Fig. 4 Statistical scatter plot of pathway enrichment of differential metabolites

(a) POS mode, (b) NEG mode; the x-axis and y-axis represent enriched metabolic pathways and enrichment factors, respectively; rich factor refers to the

ratio of differentially expressed metabolites to all metabolites annotated to this metabolic pathway; the larger the rich factor, the greater the degree of

enrichment. P value, ranging from 0-0.05, the closer to 0, the more significant the enrichment
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Tab.2 Key differential metabolic pathways and their differential metabolites change trend

AR 0 Z= A
pathway significant differential metabolites
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F-FLBERE (galactinol) 1+ 7KZ5H (stachyose) 1+ HEWE (sucrose) 1+ H # =¥ (manninotriose) 1. D-F
¥% (D-fructose) 1

R AEDA R 6-BE R B (fructose-6P) 1+ 2%& IR (serine) 1+ WM& B (cysteine) |+ 2-Fi X & (2-oxoglutarate) |+
biosynthesis of amino acids AR (alanine) 1 N-BtFE %R (N-acetyl-citrulline) |
B-FE I B-alanine metabolism B-N& R  (B-alanine) 1+ JRMENE (uracil) |« WUIK (carnosine) 1+ (R) -iZM& ((R)-pantothenate) 1+ #5/1%
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B HIRARE  glutathione metabolism  L-2PBEE R (L-cysteine)| VLA % (trypanothione) |
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carbohydrate digestion and absorption ZE = F¥ (maltotriose) 1+ HHE(fructose) 1+ 6-TFERH i HE (fructose-6P) 1
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e P A RN 2 AR R R A T

Notes: 1 and | indicate up-regulation and down-regulation, respectively
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Fig. 5 After p-alanine injection, f-alanine metabolism pathway and its differential metabolites
Red and blue dots indicate up-regulation and down-regulation, respectively
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Fig. 6 Elution profile of Car (a), Cys (b), Ser (c¢) and Ala (d) after p-alanine injection
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Effects of p-alanine supplementation on the metabolomics of Mytilus coruscus

WANG Chunyue, PAN Chen, LIAO Zhi, FAN Meihua, YAN Xiaojun !

(Laboratory of Marine Biology Protein Engineering, Marine Science and Technology College,
Zhejiang Ocean University, Zhoushan 316022, China)

Abstract: Carnosine (B-alanyl-L-histidine) is a natural dipeptide that was first discovered in 1900 by Vladimir
Gulevitch as an abundant non-protein, nitrogen-containing compound of meat. Carnosine is an archetype of a fam-
ily of histidine-containing dipeptides (HCDs), and several members of this family have been identified sub-
sequently, including anserine (B-alanyl-Nn-methyl-L-histidine), balenine (also called ophidine, f-alanyl-Nt-methyl-
L-histidine), and homocarnosine (y-aminobutyryl-L-histidine). Recent findings have highlighted the important
roles of HCDs in muscular function and homeostasis, including their pH buffering ability, antioxidant capacity,
increased Ca™ sensitivity and protein glycation inhibition. The high concentration of HCDs has been observed in
skeletal muscle, cardiac muscle, the brain and olfactory bulb, the stomach, and the kidneys of vertebrates.
However, the biological role of carnosine and its analogues is not yet entirely known.

B-alanine is a key substrate for the synthesis of carnosine, and p-alanine supplementation has been used for
elevation of the carnosine content and thus has very important value in the field of medicine, pharmacy and food.
Mussel is an important aquaculture shellfish in China. In order to determine the changes of small molecule meta-
bolites and the possible metabolic mode of B-alanine supplementation in the biological body, high performance
liquid chromatography-time-of-flight mass spectrometry was used to analyze the metabolite changes of Mytilus
coruscus after f-alanine supplementation.

Using UPLC-MS/MS technology, a total of 18 023 metabolite peaks were obtained, including 9 555 from
POS model and 8 468 from NEG model, and 381 and 309 differential metabolites were therefore generated from
POS model and NEG model, respectively. From these data, a set of 60 representative metabolites were screened
out with Fold Change >1.3 or <0.73, and P < 0.05, after the injection of B-alanine. These significantly different
metabolites were identified as carbohydrate metabolites (maltose, lactose, sucrose, glucose and fructose, etc.);
amino acids and their derivatives (serine, cysteine, -alanine, glutamine, alpha-ketoglutaric acid, etc.); lipid meta-
bolites (photosterol, 2-2-arachidonic glycerol, etc.) and other metabolites (montane trachidine, asimidazole). Dif-
ferential metabolites were then submitted to KEGG database for metabolic pathway enrichment analysis, and a
total of 134 (POS mode) and 113 (NEG mode) metabolic pathways were enriched, among which, 60 representat-
ive metabolites were enriched to 25 metabolic pathways, including galactose metabolism, amino acid biosynthesis,
B-alanine biosynthesis, arginine biosynthesis, glutathione metabolism, fructose and mannose metabolism, carbo-
hydrate digestion and absorption pathways. After B-alanine injection, the free amino acids in the whole tissue of M.
corucus showed that the content of 19 amino acids in the experimental group changed compared with the control
group. Compared with the control group, the contents of cysteine, carnosine, and serine were significantly
decreased after f-alanine injection, which was consistent with the results of the metabolomics analysis.

These results revealed that f-alanine supplementation can effectively increase the energy metabolism of M.
coruscus and carnosine content. This study provided a foundation for understanding the regulation of p-alanine in
mussel metabolism and its mechanism, and also provided new ideas and means for improving the efficiency and
nutritional value of mussel culture through p-alanine supplementation.
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