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BRI A 2T BB, BAR GTS KA 2 F Eife9 Kbty 187 #F, KA &L F T 69K H4h 169 7.
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Abstract: [Background] Spirogyra is a genus of common harmful filamentous algae in
aquaculture, while the microbial resources capable of controlling Spirogyra are extremely
scarce. [Objective] To isolate and identify an efficient anti-Spirogyra strain and analyze its
algicidal spectrum, algicidal mode, and metabolomic characteristics, enriching the strain
resources for the control of Spirogyra in aquaculture. [Methods] With Spirogyra gracilis
FACHB-354 as an indicator strain, the efficient anti-Spirogyra strain was isolated from the
shrimp pond sediment and identified by 16S rRNA gene sequence analysis and physiological and
biochemical tests. Furthermore, the comparative metabolomic method was used for metabolomic
characterization after the algicidal spectrum and algicidal mode assays. [Results] An efficient
anti-Spirogyra strain GT5 was isolated and identified as Bacillus subtilis. This strain had a wide
algicidal spectrum against Spirogyra and showed an indirect algicidal mode. With the
extracellular metabolome of B. subtilis KC1 without algicidal properties as the control, strain
GT5 showed 187 up-regulated metabolites and 169 down-regulated metabolites. These differential
metabolites were mainly involved in 20 metabolic pathways such as arginine and proline
metabolism and lysine degradation. Among these metabolic pathways, the five significant
metabolic pathways were arginine biosynthesis, histidine metabolism, degradation of aminobenzoate,
pyrimidine metabolism, and arginine and proline metabolism. The significantly differential
metabolites involved in the upregulation of these 5 metabolic pathways included 4-(glutamylamino)
butanoate, pyrocatechol, 6-dehydrotestosterone glucuronide, N4-acetylaminobutanal, agmatine,
and 4-hydroxyproline. [Conclusion] B. subtilis GTS is confirmed as an efficient anti-Spirogyra
strain, and its algicidal activity is probably associated with the production of potential algicidal
substances such as pyrocatechol and agmatine.

Keywords: Bacillus subtilis; algicidal spectrum; algicidal mode; metabolomic characteristics
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(Microcystis aeruginosa) . BRI 74 4 (Phaeocystis
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25 B W UK KBl B (Aeromonas  hydrophila)
BJ-2P1 K 38N (Exiguobacterium undae)
ZY-2P' | JEH 55 B 1 (Streptomyces filipinesis)
LWOUY | {5 B ity 74 (Pseudomonas sp.) 2-41'1 | 9%
B fif B (Stentrophomonas sp.) KT48!2 | A% %2
fFF 7 (Bacillus subtilis) 5#3) WS ZE A
(Bacillus aerophilus) 9-13"1, 4R i, /K434 Jy [
F T 2L AR B AU M AR B R 22 R s, AR E
FAAEAEME L R0 PRk, #E K 28 i A
AN G IE TOr BEZ , AUCA MR EF AT T (Bacillus
cereus) W1 . H 5 ¥ 5 ZF 1 #F 14 (Bacillus
methylotrophicus) W3 . il 1 % 2F 4 #F
(Brevibacillus laterosporus) W4, Hi&K ZE 1
(Bacillus licheniformis) NB2 26171 B g byl 4
EHAMAKNEE. Wik, -2 Ea5
A A 207 35 P 8 Al A 4 5 R BB K 4 P A
AR HOR R B

A S35 30 2ok AU 7K 4 2 LT T Y 43 1 M
Hompgesk | W SR A A sE, B
TEF & MUK AE D AR B, Az K 245
THRETE VW) 5t B9 B4 00 AiT 3 LA
1 #BE7*®
1.1 #m

VAR, BUA LR B Tyl X 4 1
BH W FREA R A A B XTI b £F 4
JK 4% (Spirogyra gracilis)y FACHB-354 . /K 43
(Spirogyra sp.) FACHB-737 . FACHB-1484 .

FACHB-1990 . FACHB-2906 % ff i % (Anabaena
sp.) FACHB-82 . Wi # (Oscillatoria sp.)

FACHB-528 . 7K #& 3 #2 3 (Aphanizomenon
flosaquae) FACHB-1168 . /& ¥k % (Nostoc sp.)
FACHB-1967, W A H E B} Be 7K A= A= Yy ik 53 e
TRIK BEAP I 5 JCHN B35 PR B R 5 2R A4 1 KC1,
F b VR R 2 K A Bl s T R AL
1.2 EHFRE

API 50CHB #5555, gz sl & J&
HIRAT; BERBIBMERND, EZEHL
A A BR A A s SE BigRdk . BG11 B,
Z: BROSCHR[18]BC ]
1.3 FERFIF{NEE

YA TR L N 41 DNA $ BRI &, RARAEER}
FALFOARAF; API 50 CH 40 % & ik 5
%, Bz sl & RARA A H (GRS
af), FIR(GI%LL) . CE(Ei%al) . WIS
afiy K (s af) . Wik AL Q Exactive HF-X
FTi A, Fisher 2], FRIRMEEEEFRA . LM
BRRAE, PUME AR R A IR A Al fE RS
TR . BTN, BT RSB AT BR A
H 5 BUEELOHL, Eppendorf A1) 24Nt
T, B RRR AR AR A R miE s
SUBCHEDL, U S0l R AT BR A A .
1.4 HI7KLBM RE KRB 57 & FOiF ik

Z R P S gk, BUS g BRI e
FEAL T 100 mL JCHE SRR 7RSS, T 100 °C
K 10 min J527E 30 °C. 200 r/min &/ F %
R¥R 3% 18 h, SRJG S BARIRBEERIR) I ik
FHIC T A BRER AKX B R T 10 580 BEFR R
O3 BB B B 0.1 mL ¥ 5] 3845 T8 3 3UIE
M, %30 °CIEIRE;FE 24 h 5k yEIEfT
B LAl WAL B o B AR IR 2B OUHE
FWWH, %30 °C. 200 r/min #EF ;55 24 h
Jo % 1.0x10% CFU/mL B 43 85 T8 MR 55 95 1

Z B A 5 PV O 1R B AR Al oK 4
FACHB-354 $F' & SE §i ## 3, SR 5 42 25 °C,
FERESREE 2 000 Ix JEREJEHAEL 14 h:10 h 1557 7 d,
TG 22K a HREE N 0.94 mg/L HILTAH/K 48 5
A3 SIEL 2 mL BN 1.0x10° CFU/mL 443 25
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FREEFERANA 18 mL M4¢EK a ¥ N 0.94 mg/L
HYLT K 4R B L 22 25 °C DG RESREE 2 000 Ix
JERE B 14 h:10 h 535% 6 d J5 , 2 BEOCHR[22]
MELFANK AT a W (mg/L). DIMT 4%
PR AN AT Aa] ) J5 149 2T 440 7K 26 386 0l o R
AKEEE 3 AT LUK RE T FRAIRET 20 7K 4 35
W R a MR 20 2 B RRVE A Ak 4R A0 R T
PR, IS BRI 230 Oy ik XK 4 P K T Ak Ak
PR ET AR 43 0 240 B A5 31 T B O
1.5 KB REHKRIHERE
151 HFEE

Z: BRI S P9 7 X oK 28 A I T R
AT F R AN SE [ 41 DNA $REGAH &
PEECR PR ARG KB R L R 4 DNA A AR, LA
27F (5-AGAGTTTGATCCTGGCTCAG-3")Fl 1492R
(5'-GGTTACCTTGTTACGACTT-3") } 5| ¥ i1 F
PCR 44, PCR WA % (20 pL): Premix Taq
10 ul, F. FWESIHI(10 pmol/L)4$ 1 pL, Btk
(20 ng/pL) 1 uL,ddH,0 7 pL.PCR J2J3j 2&14: 94 °C
3min; 94 °C 1 min, 60°C 1 min, 72 °C 1 min,
I35 MEF; 72 °C 10 min, PCR 7= ¥ i 4lifk,
50 o e AR R A BR A R SE .
W75 F 5l DNAMAN 6.0 % {F4iiB 5, 76
NCBI (https://www.ncbi.nlm.nih.gov/) # F| H
BLAST F/¥ 5 GenBank %t#liFErh 1M 16S
tRNA JEH oA 7 IRl I b, RBP4
{114 16S TRNA & [K 751 3 1] FH #44 BioEdit 7.0
Il MEGA 4.0 #5172 5 Hod fe 18 ad SR 2 4 78
REREW.
152 4$BEUEE

Z MER LSRR 7 R A APL 50 CH 4
P8 5 R 4% X I K 4 O B TR Rk AT AR B AR
b 255 o BTG B B VE DR EGR: 50 7K 4 B B 11 T 7%
% API 50 CHB 532 5L Hr il i 2 22 Pk i 119 TR 2%
W, SR 5K TR B 2R 2] APT 50 CH 4 1 %5
FERFNEA 50 NMEH, 430 °CIFE 24 hJ5&
HEUL I A0 A= Ak S o a5 SR AT 05, e bk
A0 S0 485 S 5 L B R A A s PO T

XF, i K 2 AR R TR PR A AR AR b S 4
1.6 KB RERAIHDEE 53 4

Z: B = 32T 7 v A BTk i R Tk
PSS . I HRAE 0 57K 48 FACHB-737 .
FACHB-1484 . FACHB-1990, FACHB-2906 ., fi
JiE FACHB-82 . Biij% FACHB-528 . /K e 223
FACHB-1168 ., 7%k FACHB-1967 $#F & BG11
BRgrde, SRIG4 25 °C, JEREERAE 2 000 Ix. 6
WML 14 he10 h 553% 7 d, 4K a W E
Jr9Ih 1.24, 115, 1.06, 1.07. 15.59, 17.13,
7.02 F1 8.54 mg/L WI#EW, SRJE L EPEL 2 mL
1.0x10% CFU/mL Ay K 43 00 K B AR 1% 352 53 )
A 18 mL _FiR4& BB, 4 25°C, Jtid
SEFE 2 000 Ix . YERGEHAEL 14 h:10 h 5537 6 d )T,
Z: HESCHR[ 22100 % 45 BE RSB I M2 2R a WRE
(mg/L)o VIAH RIS AN AT Au] ) 5 114 45 5 bk
BRI RS 3 AT
1.7 HIKBH RERBITES o

Z: BE e i S ST 7 1 A i K 4 A0 R TR
PRI #E Ko OB R K 4R 0 R e Pk
FhELHEE RN, 4 30°C, 200 r/min K537
18 h J5 il 2.4%10° CFU/mL RY3EFR U, SR H
B2 F 8 000 r/min B0 8 min, W FIEWZ
0.22 pum JC IR I8 R 84S B IO _E VS, [R B
PRTTE TR Z8IRK Be % 2 i, AR EF o s
FERGEBGBN R W ; RS 1.4
4R a N 1.58 mg/L AY LT 40K 45
FACHB-354 B3 . 47 AL 2 mL /K448 R
PARRE IR . B . oW FISWINA 18 mL
L1 4K 4 FACHB-354 B, 425 °C. J6
HEBREE 2 000 Ix, YEREFIHALL 14 h:10 h B53% 6 d
Ja . 2 MESCHR[22)0 8 £F 4K 4R R A 2% K a
W EE (mg/L). VIARIR S S AT 4 ot i 25 24
IKRAR B RN RE . A EE 3 AT
1.8 HIKGBMEREHRAEINMCHAESE
YSES AR
1.8.1 HEARRE

Z M Yang G20 1 POREREAR  TC A
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A3 R K 4R B DA AR RIS B 2R ST I KC 1 32
FETLHEE RN, 4 30 °C. 200 r/min K7
24 h J5 il B 3.0x10° CFU/mL M5 32, SR 5 43
SRR AR R TR R ARG B ZF A I KC 1 Y35
FEWT 12 000 r/min B0 10 min, SRJFHE LR
£ 0.22 pm JIHIEMEL I, BOER AT 15 mL
BLDAE, A RS TV R TR T R
T, WBE TR, BEAR 3 AHEE,
182 MHAMAES&HHEEIEL-KRIL
(liquid chromatograph-mass spectrometer,
LC-MS/MS) 43 #fr

Z: 8 Sun FFPNR IS TREA AL B,
3 g MUKERIL R R ARG R 2E R A KCT RS TR
TR S 400 pL SR IBUR OK:- R BE=1:4)E5, R’
BT 20 °CHFHE I i it i 4 2Ll R AL Acb P
6 min J&5, FFZ 5 °CiAiE 30 s, 40 kHz ik
7 AbH 30 min, —20 °CH#¥H 30 min 5, 4 °C.
13 000 r/min &.0> 15 min, I FiER, RS
B4 Yang ZPYRY M | UHPLC-Q Exactive
HF-X R4 7E17 LC-MS/MS 4307 . LLZEARFR 40
JK AL R TR AR A B 2 A I KCT B9 EIRIRR
GREARE R R . fA3%H ACQUITY UPLC
HSS T3 (100 mm*2.1 mmi.d., 1.8 um; Waters), i
SIHURER A [5%OIEE 0.1%H R)+95%7K]
HIVER B [5%K+47.5% 5% N EE+47.5% 2 6 (&
0.1%HR)], PEREE 3 uL, FEIR 40 °C, #ail )
FHR/N<1 000 Da, >R HIHL B 25 1E B 7B
e FEACRERIEES . B 6 MEm
AT AR, DLYEAL 3B R S0 e v
FPEAL 25 R mT S o A 2H 57 J5t 4 5000 3 5ok
Progenesis QI FXF AT AL, RAG(1 75 [ B4
10 1T N Tl N & % (£ 19 = SN €7
1.8.3 HRHBESXBEFKEHIIH

i R 15 5 P ropls £ v1.6.2 XF SAEA ) KL
P& 55 B F 17 59 43 BT (principal  component
analysis, PCA)F i £ /) — 7€ H 5l 43 ¥ (partial
least squares discrimination analysis, PLS-DA),

I 200 ARG UE, KA A fed i it

T M PEAL , K30 PLS-DA #EARIAGHIGFENE
e LA B, AR AR 5 H Bk (variable
importance in projection, VIP){H(VIP>1) , % 5%
. (fold change, FC){H )% student’s t ;5511 P {H
Kbt HAT it 22 A0 . 2 748
Wi i KEGG $¥8 FE (https://www.kegg.jp/
kegg/pathway.html) #E17 A9 A B R, A5
Z5RY S 5iE% . FIH Python #HiFL
scipy.stats JE1738 % & 4R 20, JFiEid Fisher K
Hff RO 36 A A5 SI2 36 A L A O I AR 2R iR A
1.9 BEREALESHH

S I BCHE LT 1 {8 47 ME 2% (mean+SD) 32
No K SPSS 15.0 X SL BT A TT24 07
Mr, P<0.05 RREREE.

2 ZRE50M

2.1 HKEGREREMHIFIESLEEER
PAHR L JRC8 Hr 43 B 1Y 5 ARG 2K 2 A=
K EAGMGNE R E R, a4 GTL.
GT2. GT3. GT4 Fl GT5, HALFEALT 4K 4
HIMS R a WREE BT BALREIR T 8.51%
(P<0.05). 27.66% (P<0.05). 13.83% (P<0.05).
31.91% (P<0.05) . 54.26% (P<0.05) (K 1), i H.
PR GTS BB 2T 41 7K 2 11%) 24 i 2 70 240 it R s
(E 2). HIL, PLikwEtk GTS 1R K4RIL
HERE. A, Btk GTS 768 R 5UE e Fis
FE24h 5, BRKAE, BB, R, 5
GAANINFE T, H 16S rRNA A7
51)(GenBank &3¢S : PP864097)5 GenBank 4
JEE PR R ZE AT R AY 16S rRNA FE[H 751 3 2R B
2, AIME R 99.50%-99.70%., FTFHtk GTS 1Y
16S rRNA FEH 7 I R 5 & EF R (K 3)ik—
R, WPk GTS SHEFZFHIAT I CTXW 7-6-2
(GenBank %35 . ONO076886)M 3 4 % & fix
i, T HEE GTS B4 BAE AR (S5 R E IR
LHERMEYR 2B, wsh
NMDCX0001758)5 SCHR[26]4 18 A A 5 ZEF0 AT
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Figure 1 Effect of bacterial isolates on the growth of
Spirogyra gracilis. Different lowercase letters are
significantly different (P<0.05).

E 3 ET 16S rRNA EEFIIHWENEK GTS HRAZABN

P o 4

El2 E# GTS LEMAMKERN AR SEL
ik s A L RE O 240 R AR AN 2L

Figure 2 The morphological change of Spirogyra
gracilis treated with strain GTS. Arrow: The rupture
of cell wall and membrane.

55 PSR E KR GenBank

BT SO BT RN SO BRI s b RURREILITE

Figure 3 Phylogenetic tree of strain GT5 constructed based on 16S rRNA gene sequence. The sequence
number in the bracket refers to the GenBank accession number of the strain; The number on the branch point
indicates the confidence of the branch; The scale represents evolutionary distance.
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FACHB-2906 . fi /i #% FACHB-82 . Hi %
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(P<0.05). 62.62% (P<0.05). 67.94% (P<0.05).
55.60% (P<0.05). 76.40% (P<0.05). 46.63%
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200F a
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GE a WED BRI MR a BT
66.82% (P<0.05) . 64.95% (P<0.05) Fl 3.08%
(P>0.05), IFSZHBE GT5 R FMATCH Fig
W EA R PP BERCR T R R B PR AR
REARE . FIL, Wk GTS By L F 2
ol EEE7l B
2.4 KB REER ST EF4FE
PCA 155 E(E 6A . 6B)Fll PLS-DA 1543
(Bl 6C. 6D)E7~, Wik GT5 Stk KC1 19 |
THRFEAS SR TE BSR40 B 2 1) 43
BHEA, FTAREARETE o5%EEIXEN, IfH
IE. fEFRIFYREEHEX 2T, H—FK
IR BEE . s Y e
52.70%7%156.80% , 55 — = B2 i B BE 43 ) 5 1F
71 25 TSI AR K 34.00%F1 29.90% , ZHH B Ak
GT5 SEbk KC1 i+ iR 7e £ i b
FEAERE S 1M H PLS-DA BHuAG I IF 55 14
X F QEIHLS Y I -0.346 5, T

B kY
He

4 Btk GT5 WA EKLEERE KIS
% 5 .2 (P<0.05).
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Figure 4 Effect of strain GTS on the growth of Spirogyra strains. Data with different lowercase letters from
the control and treatment groups of the same algae strain are significantly different (P<0.05).
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Figure 5 The effects of culture, supernatant, and
bacterial suspension of strain GTS on the growth of
Spirogyra gracilis. Data with different lowercase
letters are significantly different (P<0.05).
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Yy B w4 IR SRR AN I = R A . s R R
fi#t . KERARAED G . e 184 R
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PRV R, OB IRIRAE . AR . AR
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AROR W, 6- KA M AR T . N4 Lt
AT EE . WUT e, 4- 32028 o3 L T 117,
1.13, 1.11, 1.11, 1.06 1 0.93 £%, K% .
4-FIe-L- R . S aR-4-BR 3L AR . N2-2
WE-L- 250182 . N-ZWE-L-B 28 . -8R . A
FLIHR . S-SR . FRIT-5- A8 TR 1).
X2z A AT AR S AR GTS AP0 /K 43 1 14
X,
3 itk
3.1 FHEFRTFEIEEMN

Hili H ZE A e — A R I B
BN , FEEGET B2 R IR B 2RI R S3 X AV
AV 55 11K 5 (Alexandrium  pacific) B9 1) 3 Rk
73.12%; 5K 2 P HIE SR BL ZE A I GIM1.372
Xof i SR RE R D B RAR B 91.82%; FE ]
TR 5 MRAS B ZEAUAT I 1#-5#0F/NEk#E(Chlorella
Sp. )R S5 Tl 20 38 11 A K 35 R IR, S XA
TR T O T B R T T 35.00%, X /NER 8 G 0
BRI E T 15.00%; Ahn SEBYE R A 251
FFEE C1 XJ 4T 2% 1 I % (Anabaena affinis) 1 1)1
IR T0%, N4 S w0 e 4 R 4K 85.00%
ARSI UE SR R ZEHIAT I GTS J2— AL R 1Y
TG IOK SRR RR XK AR ORI
Zs VTG P HIA ZE AT IR, T 35 Rl R 2 SR AT
W GTS FE K 2 i A 284 il TR ELAT T AE i g
INIER

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



2164 AR Microbiol. China
A 200 B 200
A Strain GTS A Strain GT5
1501 ¢ Strain KC1 150 ¢ Strain KCI
100} |
o 0 _ 100
g 50r =
= = 50t 'Y
% oF-- M ] 8
o~ (] e
< sof @ 3 o
~100} = %
—150¢ -100
=200} { -150¢ L L | s s s
—-60 —40 20 0 20 40 60 80 -100 =50 0 50 100 150
PC1 (44.20%) PCI (57.60%)
C 100 _ : D100 .
A Strain GTS5 A Strain GTS
¢ Strain KC1 { Strain KC1
£ 50t S sof
S =
< &
2, 0y =4 ¢
(o] ~—r
5 0 M S ofm
3 :
(= Q
g 0 & 0
C_s0t S 50y
-100 1 1 i L L L L L -100 ¢ L L H L L L
30 20 -10 0 100 20 30 —40 =20 0 20 40 60
Component 1 (52.70%) Component 1 (56.80%)
E 15 R*=(0, 0.789 5), 0*=(0, —=0.346 5) Fooa R*=(0, 0.781 6), 0*=(0, —=0.422 1)
1.0% 1.04 o —
0.8 08— — — T8 (] P
E 06r E 0.6 o
g 041 2 04 - ® RY (cum)
02+t = s -
>'P 00 femsesspas s 0.2+ —~ Q? (cum)
< 02} % 00
4 L e RY(um) g 02
E 0| a 0" (cum) &~
£-08 2 v —0.6
@ 1.0t 4
"1l -0.8
—14} -1.0r

0.0 0.1 02 03 04 05 0.6 0.7 0.8 09 1.0

0.0 0.1 02 03 04 05 06 07 08 09 1.0

6 Btk GT5 # KC1 EFREANERSDHBHIE. BRNDZTRAFNF S 2 ERMRER N ZFRFH 7
DIERQWE  A-F 75PHIEE TR PCA 570K s 710 PCA 1353181, 1EB 7455 PLS-DA
19350l BT PLS-DA 1540l | IE R T8 PLS-DA Bk 3 l&l | 7125 4= PLS-DA Bk Kl .
Figure 6 Principal component analysis (PCA) score map, partial least squares discrimination analysis
(PLS-DA) score map, and PLS-DA displacement test map of the supernatant samples from strain GT5 and
strain KC1. A—F show the positive ion mode PCA score, negative ion mode PCA score, positive ion mode

PLS-DA score, negative ion mode PLS-DA score, positive ion mode PLS-DA displacement test, and negative
ion mode PLS-DA displacement test, respectively.
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Figure 7 Volcano plot of differential metabolites
in the supernatants from strain GT5 and strain KC1.
Up: Up regulated differentially expressed metabolites;
Down: Down regulated differentially expressed

metabolites; Nosig: Metabolites with insignificant
differences.
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Figure 8

Bubble diagram of KEGG pathway enrichment analysis of differential metabolites in the

supernatants from strain GT5 and strain KC1. The abscissa is the P value of enrichment significance, and the
smaller the P value, the more significant it is statistically; The ordinate is the enrichment pathway; Dots are
the number of metabolites enriched in the corresponding pathways.
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Figure 9 Bubble diagram of KEGG topological analysis of differential metabolites in the supernatants from
strain GT5 and strain KC1. Each dot in the figure represents a metabolic pathway; The abscissa indicates the
relative importance of metabolites in the pathway; The ordinate indicates the enrichment significance of

metabolites participating in the pathway; The bubble size represents the impact value; The bigger the bubble,
the greater the importance of the passage.
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Table 1 Differential metabolites involved in important metabolic pathways of strain GT5

KEGG 5 Uit KEGG il j# i FC fi P {i
KEGG ID Metabolite KEGG pathway Trend Fold change P value
map00220 Citrulline Arginine biosynthesis l 1.32 0.00
map00330 4-(glutamylamino) butanoate Arginine and proline metabolism 1 1.17 0.00
map00626 Pyrocatechol Aminobenzoate degradation i 1.13 0.00
map00240 6-dehydrotestosterone glucuronide Pyrimidine metabolism 1 1.11 0.01
map00330 N4-acetylaminobutanal Arginine and proline metabolism 1 1.11 0.00
map00330 4-hydroxy-L-proline Arginine and proline metabolism 1 1.10 0.00
map00330 Agmatine Arginine and proline metabolism T 1.06 0.01
map00330 4-hydroxyproline Arginine and proline metabolism T 0.93 0.00
map00330 Trans-4-hydroxy-L-proline Arginine and proline metabolism l 0.93 0.00
map00220 N2-acetyl-L-ornithine Arginine biosynthesis 1 0.93 0.04
map00220 N-acetyl-L-glutamic acid Arginine biosynthesis 1 0.91 0.00
map00340 L-histidine Histidine metabolism l 0.86 0.00
map00240 Dihydroorotic acid Pyrimidine metabolism ! 0.77 0.01
map00330 5-aminopentanoic acid Arginine and proline metabolism 1 0.70 0.00
map00240 Uridine-5'-monophosphate Pyrimidine metabolism 1 0.32 0.01

FC: ZANBYTE AR 122 e RIAEG 1. B L T Pvalue: U2 S B e £ R &1
FC: The differential expression fold of this metabolite in FC between the two groups of samples; 1: Upregulated; |:
Down-regulated; P value: The enrichment significance of metabolites involved in pathways.
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