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Effect of Enterococcus faecium on intestinal metabolomics and
inflammatory factors of Penaeus monodon
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Abstract: [Background] As a lactic acid-producing probiotic candidate, Enterococcus faecium
is widely used in animal breeding owing to the satisfactory biological characteristics. However,
a few studies of the influence of E. faecium on intestinal metabonomics are available.
[Objective] To explore the effect of E. faecium on intestinal metabonomics and inflammatory
factors of Penaeus monodon (giant tiger prawn) and thus to lay a theoretical basis for the
application of E. faecium as a probiotic in prawn culture. [Methods] A total of 400 giant tiger
prawns were randomly classified into four groups. For three groups (experimental groups) of
them, E. faecium was added into the feed at 10”7, 10°, and 10° CFU/g, respectively. For the
remainder, no E. faecium was added to the feed, and this group was regarded as control. The
experiment lasted 28 days. Then, the content of immunoglobulin IgM, phenol oxidase (PO),
interleukin-6 (IL-6), and complement fragment 3a (C3a) in P. monodon was measured, and the
changes of intestinal metabolites were studied by LC-MS. On this basis, differential metabolites
and related metabolic pathways were analyzed. [Results] The addition of E. faecium had
positive effect on the inflammatory factors of P. monodon. It increased the content of IgM, PO,
and C3a and reduced the content of IL-6 in P. monodon. A total of 165 differential metabolites
between the control group and the experimental groups were identified, which were mainly
lipids and lipid-like molecules, organic acids and derivatives, organic oxygen compounds,
organic heterocyclic compounds, nucleosides, nucleotides and analogues, etc. The differential
metabolites were involved in 37 metabolic pathways, including arachidonic acid metabolism,
a-linolenic acid metabolism, choline metabolism, and pyrimidine metabolism (P<0.05), and
arachidonic acid metabolism a-linolenic acid metabolism, choline metabolism, pyrimidine
metabolism, and glycerophosphatide metabolism topped the pathways in the number of
metabolites. [Conclusion] E. faecium has positive effect on lipid metabolism, amino acid
metabolism, nucleotide metabolism, and inflammatory factors in the intestine of P. monodon,
which lays a theoretical foundation for the application of E. faecium in shrimp culture, and has
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important significance and application prospects.

Keywords: Enterococcus faecium; Penaeus monodon; intestinal metabolomics; inflammatory

factor

fi A2 e — XS 18 A 4 B RRIR R, T
2o 08 S 1k I 1 B 23 0 R 9 T T S AR
4t, HEMSGEAK - S TR AR fR A
PR 2 RS . FUAT R . S22 R
PEEREZE, DA R —Se R RIEG2E D) S5 AR
ARG LA, . PERBIL R ERe A, B2
W T & & IRa . AR ESUR . HAp LA
RS . BRI JEAZF AT T A 7K 7™ SR B A I
ME )z o R S TR BN 2 s K
PRI AP I ER LR, X AT REA B T
KR I B IR A g AR R R
AL SUE SO TR IR ), T AR IR
Y, HA a5 PRREIL R S5Hr A, 24
AR % I BE 08 X 1 R LA B AR A AR
MO, T L g A T A AR T IR ATl ¢ 16 P L
W A AT A T

PRI ER AR e 2 A2 i, LR IR
F YRR, AR MBIt A R 2R A
R, R B SR A M RE 1 AT T AL
Fres, alfEflpiE R E A, FHR RIS
FRES T H SR R, BT B (Y 3
RET, i EL AT L= A LR A — SE T Bl A P
X TE A e A A, 9 AT LA i
RS A RFSE R, A HAR TSN g5 A=
PR ] B Sl B A A S S R T T W R BT
AEUON, SR DR s TR VAT 82 WK S 4 s 1 AR 2
AL TR HGER A, AU A i
A BT T AU AL . T H B R
BRI FH A9 o A TR R 22 0 28 0% | 0 58 i i e DL
(R i T AR P AE 2 R AE 25 B B R 22 5
A RE S B HBCR AR SE R, Nk, 16 3
WRIK =S A AR s A e, A K™

FeFE A %2 B I 0 56, o o]
REHE AL M ETE HAR K sh s b, 7e4&
T MRS RIS IREE b, AT 4 AR T Ry e 1
SUACEE T

BT XHHF (Penaeus monodon), BEA FEIFRAK
HEGEPRRFEEF”, 35 B m T )
Y1 '] (Arthropoda) W 5¢ M (Crustacea) 1+ /& H
(Decapoda) ¥if 7k W. H (Natantia) , *f #F F
(Penaeidae) , %W & (Penaeus) Litopenaeus T.J&"",
BRI J AR 5 R R SR T B M 35K TR X AR
X B g 2 A 3 A A 6 A DR s ) AR AU SR AR
Do A GE T YR BI85 DR B 1K TR G BRE 7 0] B
o B AU 2 2 e R VE R 52, DU By
Xof W % 5 3k A v DR g B R 1 {6l FH AR AR A 2
AT Y SRR AN PSR

1 MHET%

1.1 #8
1.1.1 H&

BRI [ R R 7K R . I
T kI 400 K REUAAIF[(6.00+0.10) cm] |
FAK 3 —[(6.00+£0.10) g]. fdFE Jook B py BEY
XTHF

R AR R8 AN 5206 % I s afif, fff
FHETAefd ] LB WA E: IR 5EAE 28 °C. 150 r/min
ALK 24 h, IHEE

IR 4, nilh 1 AR A 3 M
K0 (4300 107, 10° K 10°41), &4 3 P47,
RIEAL 107, 10° A1 10° FR1RE b A8 0 ) bR i BR 74
T A 43 13107, 1x10%, 1x10° CFU/g,
BEANHRE X b — AN R IR 2, X IR 4 AR AN s
T bR B BR 1A
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TR IG TRDRE R A 2 A b k), 3R B R A
I3 R IKAY<12%, MR 1 5>40% , Mg i>4%,
LA 4E<6%, HLIKIP<16%, E#E>1.0%, i
M2>1.8%. X Sialbl o a4 41, H4H 500 g,
SR KRRl e BEORE B 35 M B A% 3 X R
BRI, BRI 500 mL, XFPELHARmE, 4%
JE R 48 h R VRS i3 RS B
1.1.2 EZE RTINS

G E B 1 M (IgM) ELISA (enzyme linked
yy A AL Tl
(PO) ELISA #aiia{if & . #MA Bt 3a (C3a)
ELISA ¥k 7 & A g+ & 6 (IL-6)
ELISA #5350 & , B o @ A TR 52 T o
SO WL O, SR AR AR 2
A 3R, ECAN {84 BR/A ],
1.2 RESARERE

TR B0 b e Sk R T M T K 7 SR A A B )
FIEAIA] . FRFEKIR A S 46 em AYRAETE T O
FIFRFE M, 2P K 500 Lo [RAR A o i B T
HEoK ML . IR Et ]y 28 d, &:41 30 FEFhAL
SYECEXTEL . 107, 10°, 10° W3RFEMrh, 45
MRABHBE 3 MELE, BHREME, X5
TRALME 4 K. HEMHGENKER 10%, LI
URAE 1.5 h NIZ5E e, (HRM-4E 5 XL 24 h
HEA, BRI SR IS SR A 5ok 23 A
oK BT, XAl by s — 2 SR B
1Rk R, R R IR KR AN 2 & AR KA,
HH W 29 °C Zify . $emExt ARk 3=
M7 d, ZEEFE 24 b ERIFRIRE ., B
B B AR 2 glB iR B e, 1E T R 1A 2 J5 9E
AR, il i, 4 3 KRRk
BEdL 1 g JOA 100 mL B9 LB A F= 569, 18
28 °C. 150 r/min £53% 24 h J5ME TG EEL, -
TIE DR Bk B 1 T o B8 K AR FCA 250 L,
B H IR, BRI AR a5 K AR

immunosorbent assay) s il iz 77 £ .

U —2 . KIERE A 6%, (#FRT—KHCE/K
HHAMEWE RN L RERAWEE, BKR)E
i .
1.3 A RAESERNE

FREH 28 d &, KA A SR GE A BE X U A
HEATREE, B TR AL IR A =80 °C £
7, FATRNAAIIER. Boh, ELRHA
B2 B BT X A g 1 i A —80 °C fRAF, T
1o TE AP 53T o

A PAEARFE PRI GE « S IR IgM ., X
UR I A . MR AMA R BE 3a AU 4RI
6 FE AR E 43 5144 BT B i) ELISA A6 IA50] &2
Ui BT
1.4 BERES
1.4.1 HEABFICIE

HUH—80 °C SRAF IO BE 15 X R A 18 L 2R
HEFFRTE 100 mg A 4h, JE53AINMA 4 °C g 1Y
JCW A B 7K 200 pL ., Jo/K K 800 pL,
ZIETEKK G A A 60 min, A5
20 °C ##+'& 30 min, fiz)5 4 °C. 12 000 r/min
B0 15 min JFBCEEWR, FIEWRZ 0.22 pm
A HLAHUE B Ve A H S & o IR, R R
il (quality control, QC)FE iy , ¢ Bt [ iR 2 41 4b P
Jr il g o PR IRAS HER EAL,
1.4.2 LC-MS #&;1

1 FH 1 ShbRE 2% (4 °C TR HEAT H s ERE
F| F liquid chromatograph mass spectrometer
(LC-MS)R G AT EHLAr B e il 2544
HEFERD 5 pL, AERARIREE 25 °C, MERLIRECN
0.3 mL/min, 1E&FHEMHHX: @QERHIIHE A
9 0.1% B, B NS e
R, @IS A AK, B NOIEER .
RESEHEA TR VR, BEBLRE R 0-3 min,
M 95%-30%% A FEATVEML; 3-10 min, H]
30%-15% 1 A #EATHEME; 10-12 min, H]
15%—0%H) A HATUENE; 12-13 min, H] 0% A
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WEATHERE; 13-13.5 min, A 0-95%M9 A #1773k
Jii; 13.5-15 min, F 95%I% A #FF U6, FEREAR
A PEREIE R Rl A SR AR S, T TP A
RG PR DL PRI B s 0 T SR . RS
43 3 K FH HE WS 25 B 5 (electrospray  ionization,
ESD#EA7 1E B 7 M B B0 . A dh 2
UHPLC 43 & J5 F BG4 T B 4 o
143 HiELE

KI5 1 AN R A B 0 B4k S 2R AT B s T Ak
B, AL 35 R I 4 BH w2 (B AT AL 4U) (missing
value recoding) FI%#i& )l — 1k (normalization), ZbFH
e S A B [metlin, Kyoto Encyclopedia
of Genes and Genomes (KEGG) A1 Human
Metabolome Database (HMDB)]i47 /=¥ % %€ -
YE Ja A I P B e S A ropls (R packages)
V16.2 HAFHATHEA AR 1T % m ny A
Yy EdEim i3 KEGG Compound 4% KEGG 1k
G BT M S IS AR B e
KEGG WRE B 17 04 %0 Ja g AR 4
$5if 1k VennDiagram (R packages) V1.6.20 34
X 25 AR ) Venn AT 208 5 4808 J5 AR
S E 3 X HMDB. 4.0 500 2 AR A AR it
Wit 5y K05 B GHER, JFdEat 5 F scipy
(Python) V1.0.0, ##E P<0.05 #1722 i
TR e, M KEGG 18 & S A
L5 HESH

RGP B 8 Excel 2019 423 3%
SPSS 18.0 #AT 2200, P<0.05 R/RZES
o AR EBELR IR RN, n=3,

2 HZRE5OM

2.1 FREAEKE XS BETY XS R AL P K AT A 4E 4R
h Gk EE IgM B2

R 1 AlAn, el v dsn bR i BR 1A 1Y 1
AL AT RE L R ) S e BR AR 1 TgM AT

RS, WE TR, mHA R K4 >
A B ENEZEF(P<0.05) AENLA A A b, XA
107, 10%, 10° &-2H 14 1gM & 2 Bl R I B B s
TG I B2 T (P<0.05), R 410 1gM
SR E R T R4 (P<0.05), H 10° AR
IgM & it 2w T HA A 41(P<0.05), &&h
(314.08+17.765) mg/g-prot, TEAFNE LI, X
HEZH . 107, 10°, 10° %410 1gM 5 bt bR
BR A TSI 2 25 T R (P<0.05), 453
B2 Y IgM & it 34 4 3 T X R4 (P<0.05),
10° AR AT IgM SRR, SN
(314.67+6.562) mg/g-prot, H g & & T HABLAAH
(P<0.05). 45538, TRDRHHh I8 Jin bR s 2K B RE %
8 24 T BE T X R AL PR B I 2H 2 ) g2 R
I H(P<0.05), 107 2 (X o LA B2 S A 2
LU R BRER 1 i HE A B, U
BRI BE R 107 4% T 1G58 B 15 X [ B fo
REBE I IR B
2.2 FREAERE X PETS X ERAIL I K BT BEZE 2R
& 3 BT B SR AL BB (PO) OS2

Hy & 2 AT, G A s T R i BR B 1) i 5
2 JUL PR 0B IO 4 22 4 o B 1 4R AL B PO T

x 1 REIKE BT R R AT AR 4R LR %
REKEH IgM HIF2 MR

Table 1 Effect of Enterococcus faecium on
immunoglobulin IgM in muscle and liver of
Penaeus monodon
25 JiIINZS AR AN
Group

JFHEEH 21X
Liver tissue

(mg/g-prot)

Muscle tissue
(mg/g-prot)

Control 155.81+0.141a 156.47+0.212a
107 207.92+2.883b 209.35+2.481b
10® 256.64+8.251¢ 260.92+1.621c
10° 314.08+17.765d 314.67+£6.562d

n=3, RS HiR A AN E/NG FRERORA N A B2
(P<0.05). Tl

n=3, different lowercase letters in the same column indicate
significant differences within the group (P<0.05). The same
below.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



PNFSEEE PR BRI B X i i TEA QU 2 22 S R AR R 7 R R i 1963

& 2 REAEKE X BETY X ENAN B K2 BT A 4H 4R o

HHER & 1 B Y 521
Table 2  Effect of Enterococcus faecium on

Penaeus monodon phenol oxidase in muscle and
liver tissue

ZH 5 LA 2 Ik 2e
Section Muscle tissue Liver tissue
(U/g-prot) (U/g-prot)
Control 282.87+0.001a 290.81+0.001a
107 327.78+8.112b 342.104+25.522b
108 443.11+16.474d 436.76+23.591d
10° 397.03+8.833¢ 413.23+12.433¢

FIA W R (P<0.05), #5 % %  T 4 e
2 (P<0.05), £ 804H PO 7% J1 41 B 2 ] to 4B
A W FHE 2 R (P<0.05), H 10°4+ PO HYTE
ke, 15153 W)k (443.11£16.474) U/g-prot
F1(436.76+23.591) U/g-prot, H 3T Hh&
RIRLL(P<0.05). TEALAH, XFHRZL. 107, 10°,
10° 422 ] e T a ks gy, 10°41 PO 16 )
BEMT 10°41, (HEEE T4 107 41,
FERFARLZH, XHIRZL, 107, 10°, 10”4 fa]
BT EE T REBS, &4 PO G155
(290.81+0.001) . (342.10+25.522). (436.76+23.591)
F1(413.23£12.433) U/g-prot, A[LLIEFL, 10°4H PO
W REET 108 4(P<0.05), 1H 52w T X
HA 107 H(P<0.05), Z5FFEH, 10° BT
XPHR PO & IR THRA B EAEN, dxpLA
g SRR BEAE
2.3 FRBAERE X BET5 T ERAL I K BT BE2E 2R
FXTERE /T3 6 (IL-6)AY ST

&3 N T DR R T R P ER B X BE T )
SR AL B B H TL-6 [R5 o A3 3 Hh i vl
A, MWRAHASN P EHZHAE R EZEFE
(P<0.05), *HEZL. 107, 10°, 10° 4=z [a] &5
TREE BT AR IL-6 & i B
fIle F X B 41 (P<0.05), £&41 IL-6 & & 450
(259.52+0.002) ., (214.91+8.495) . (177.89+7.161)

F1(186.41+6.925) ng/g-prot, AJLAK I 1084 IL-6
T, HEE T HAR R (P<0.05),
ERFAEA S, SFHZEBAEREEES
(P<0.05), XtHE4H. 107, 10°, 10° 41z [l it o
TREE ETHER, A REAR IL-6 F R
FIRT IR (P<0.05), &4 IL-6 51N
(270.20+0.001), (210.22+5.423) . (174.03+6.121)
H1(186.84+3.378) ng/g-prot, A] IR I 1084 IL-6
i HL LT H AR 4H (P<0.05)
2.4 FRAAEKE X BE T ST ENAL I & AT BE 4R 4R
AR AMA F EE 3a(C3a)RI 20

e b HF S i DR A BR A X BRE T X B LA B
£ 23 iR MA T B 3a BUSE I ANR 4 BN, 4%
TR 56 4 TE JIL PR RR I 2 2 R R A MA 7 B 3a
A B (P<0.05), TENLAHS T, &

= 3 RIAIKE XS BET X HRAN A K AT Bt 4B 2R A %
RN R 6 BIFNT

Table 3 Effect of Enterococcus faecium on shrimp
interleukin-6 in muscle and liver tissue of Penaeus
monodon

21 5] LA AR 2
Section Muscle tissue Liver tissue
(ng/g-prot) (ng/g-prot)
Control 259.52+0.002d 270.20+0.001d
10’ 214.914£8.495¢ 210.22+5.423¢
10® 177.89+7.161a 174.03+6.121a
10° 186.41£6.925b 186.84+3.378b

R 4 REATRE XS BETS T ARAL P K BT Bt 4B 4R R AR
*ME R ER 3a BOS2NE

Table 4 Effect of Enterococcus faecium on shrimp
complement fragment 3a in muscle and liver tissue
of Penaeus monodon

5 LA ZHZ

Section

T2
Liver tissue

(mg/g-prot)

Muscle tissue
(mg/g-prot)

Control 197.26+0.002a 195.29+0.004a
10 360.36+8.919b 348.17+11.661b
10® 459.62+5.911¢ 444.27+7.201¢
10° 472.47+19.063d 470.2242.797d
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4 2 ()R A B 22 5% (P<0.05), LR % 7t
HH(P<0.05), £HIFHMA R B 3a &5l
(197.26+0.002) ., (360.36+8.919) . (459.62+5.911)
F1(472.47+£19.063) mg/g-prot, 0 L& I,
10° 4L A URAMA B 3a WO b d s, HE &S
FH A A IR AL (P<0.05) . FEMFAEA L, 44
Z I HRA S 22 5 (P<0.05), AR Bl 2 T
B (P<0.05), FHIFFMAR B 3a S5
(195.29+0.004) . (348.17£11.661) . (444.27+£7.201)
F1(470.22+2.797) mg/g-prot, AJ DA% BLHFAMA F-
Bt 3a S AR 10741 H B & m T H A A%t
5540 (P<0.05).

2.5 REABKE XS BT 34T A% 18 X 5 4 A0
A

251 ERSOH

i# i F A 4 3 T (principal  component
analysis, PCA) R LWL EE 52 B B Y v (1% 2 8] 53 15
B, UUKRSA RSB, R 6 %
P b R WA [ A ZH N B A2 S B . Il 1 R,
A L EAIEARAE 95% BAF RS , AN [R] 2 531 )

A Scores (PCA)
100 ¢ ; e scdzdx
80+ i ascl07d
60t i sc108dx
40 i sc109dx
20 . ﬁ QC

=20t
-40 1
-60 f .
-80r1
—100 r
200
-140 -100 -60 -20 20 60 100
PC1 (48.80%)

PC2 (9.90%)

1 IE.S1EF#ERT PCA BN E

BATH W Ao e, HARIR2H 20 By 3y B2,
CINDSUREEGE S sbiN 1121752 9esh-A N SREPS AN
LRI, 558, 107, 10° AN FX Al
10° 412 6 HA 1] 10° A m A ke, M—E
JEE b A R AR I PRk v 7 o B i R TR T BT
Xof B 2 BRI S 0 £ 7 7 e B R
252 EXRENZRFAZ ST

1E 22 i e /N 3 H4 531 43 Bt (orthogonal partial
least squares discriminant analysis, OPLS-DA)#]
DAUSE G 3t X 73 4100 22 5, i e B TR 8 A 8 A
fEATRE S . I 2 R, AR A S 0 R AL AT
AW A B
2.5.3 EZFNEIE R (Venn) 531

Venn 73 M7 T FH R & 7 45 20 4 A7 B9 AR Py Bk
A A A, AR A B EARR A [ Y 43
H(EREA), AT BT EERZ At
AWARER , ARE S BRI
PR G o IR 3 AT LUAR
g 2 5 X IR A A AR H o 165,
107 21 5% BREA AT AR B H O 224, oAy

B Scores (PCA)
2001 : e scdzdx
150 i ascl07d
- : sclgggx
100 | : sc109dx
= : QC
£ 50
& A ®
a =501 '
& A
B 100}
-150
-200p B
-100 —60 20 20 60 100 140

PC1 (42.90%)

A: IEE T PCA 543K B: 7 T PCA 1547 A.

Scdzdx: XFTHEZL; sc107dx. sc108dx il sc109dx: 435 AikEed] 107, 10°F 10°; QC: ik

Figure 1

PCA score diagram under positive and negative ion mode. A: PCA score chart in positive ion

mode. B: PCA score chart in negative ion mode. scdzdx: Control group; sc107dx, sc108dx and sc109dx:
Represent experimental groups 107, 10* and 107, respectively; QC: Quality control.
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A P Scores (OPLS-DA) plot B: Scores (OPLS-DA) plot
&2 2
g 60¢ - ascl07dx = (7,8 [ a sc107dx
2 251.8 : ‘e scdzdx o 5)0 L : e scdzdx
~— | : ~ 40 +
— 30 : - 30!
E 200 4§ ‘ . g 20 & .
= 10} 1 S 10t
=] ® =]
= [ — g 0l &
E _iof 2 e I
(5] 20} i . (5] L
T 30} ‘ T 300
£ ‘ S -40f
g 407 & -50
g -50 £ 60}
o =50 =30 -10 10 30 50 o =50 =30 -10 10 30 50
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2 F. ABFEATRBEAMELIKIGE OPLS-DA B5E A, B 4HHEIF. 7 PR T X
AR 107 1) OPLS-DA 343K, C. D 5 IE . e TR T Xt B4 Ak e 2 10° (9 OPLS-DA
1553 K]. B F 20 B2 1F 1A 3 R % B 41 B 56 40 107 19 OPLS-DA 1543 . scdzdx : X B84 5 sc107dx .
sc108dx Al sc109dx: 43 HlJ&ik IRz 107, 10° A1 10°

Figure 2 OPLS-DA scores of the control group and each test group under positive and negative ion mode. A
and B were the scores OPLS-DA of control group and 10" under positive ion mode and negative ion mode. C
and D were the OPLS-DA scores of control group and 10® under positive ion mode and negative ion mode. E
and F were the OPLS-DA scores of control group and 10’ under positive ion mode and negative ion mode.
scdzdx: Control group; sc107dx, sc108dx and sc109dx: Represent experimental groups 107, 10® and 10°,
respectively.
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Figure 3 Different metabolic groups Venn analysis.

scdzdx: Control group; scl07dx: Experimental
group 107; scl108dx: Experimental group 10°%;
sc109dx: Experimental group 10°.

B E Sy 22, 10° 415 %F B4 A (oA i
YIBCH A 268, FEARICEIIECE 43, 10741
XA A A A 247, FEA AR
BECH 2 33,

Organic nitrogen compounds: 1 (0.76%)

Organic compounds: 1 (0.76%)

Organooxygen compounds: 2 (1.53%)
Benzenoids: 3 (2.29%)

Nucleosides, nucleotides, and
analogues: 4 (3.05%)

Organoheterocyclic
compounds: 5 (3.82%)

Organic oxygen
compounds: 9 (6.87%)

Organic acids and
derivatives: 32 (24.43%)

4 HMDB L&#)5 3%
Figure 4 HMDB compound classification.

2.5.4 E5RiEH HMDB (L&D LD

A I AR AR 165 MR IE
1 X HMDB 4.0 28 %2 , SRS 4 A
FIor 25 B AN 4 Fis , Fe BRI 28 R m] 43y
NRBFZNG 5> F . AHLBRAAT Y . AVLES
Y. BHLZIMEEY . AT . AR AR |
REMEY . ARG . AIULEY . AL
RALEW . RN, i 2 1 28 T
KRgHF, A 13 25D, H N 55.73%;
HYCH AP AT EY, A 32 250,
di LR 24.43%. 25K, BRIGIKERT T 5
XoF U ) i 3 o A A T R
255 EFREMBESH

T A IR 4 A BE 41 AL A Y 165 AR
P EAT RS BT, AU 7E 45 4 1) ) 2R3 1k 2
SN 5 B, SRR dl 55 AL %k
HAHWPEZES, SR04 s NS T 1
Tk m, WREESR . Himes . AL

Phenylpropanoids and polyketides: 1 (0.76%)

Lipids and lipid-like
molecules: 73 (55.73%)
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5 ERRIEWERESHT  scdzdxl EXTHELH 1, scdzdx2 = XFREZH 2, sedzdx3 EXFREZH 3, sc107dx1
& 107 3RE4 1,5¢107dx2 S 107340 2, 5¢107dx3 & 107 iR EE4 3,sc108dx1 /& 10° IKEE4 1,5¢108dx2
2 10% R84 2 Fl sc108dx3 J& 10° KB 41 3,5¢109dx & 10°KI 4 1,5¢109dx2 f2& 10° I H 41 2 Fl sc109dx3
2 107K 50 41 3

Figure 5 Cluster analysis of differential metabolites. scdzdx1 is control group 1, scdzdx2 is control group 2,
scdzdx3 is control group 3, sc107dx1 is 107 test group 1, sc107dx2 is 107 test group 2, sc107dx3 is 107 test

group 3, sc108dx1 is 10® test group 1, sc108dx2 is 10® test group 2 and sc108dx3 is 10® test group 3, sc109dx
is 10° test group 1, sc109dx2 is 10° test group 2 and sc109dx3 is 10’ test group 3.
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KEGG enrichment analysis (ASD1)
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Figure 6 Enrichment analysis of differential metabolite KEGG pathway.
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