FI A R 2441 2024,47(1) :142-150
Journal of Nanjing Agricultural University

XU, BR8], T 55, BB 52 RO 25 M e A DS PR 23K T AL BRI PE RV E W A e AR [0 ] i mCRoll R4 240, 2024 ,47 (1)
142-150.
LIU Jing, WANG Zhao, YU Hao,et al. Effects of dietary broad bean skin on barrier-related gene expression, digestive enzyme activity and microflora of

jejunum in Hu sheep[ J]. Journal of Nanjing Agricultural University,2024,47(1) :142-150.

HRAMEERXNAF=HREEXER
ik E L BRI AN R A W B A0 B2
XU BN, TR AR W AR R sk
(LR EAO K SRR 2B, 1195 50 210095 ;2.5 R3S B0l A BRA 7], V15 Rl 226000)

A [ BRI A B AERTIT HOARTR N 525 X8 5 25 g J5 B AR DG BE DR e 3k VA i 06 P A W e e R 52y [ Tk ]
30 H 4 HAAE AL (27+2.0) ke ] FOMEMEBISE S0 2 21, 73 B RINREE AL HORRL O B2, CON) RN 30% #x 5% HAR (&
B2, BBS) . Bfai 10 d, IEA] 50 ., sIREE G RES AL R ERE(n=5) il 1T RT-qPCR KI5 BEAH SCHE A 1Y
FIB AR G A AL GRS P, el I e BT B BE G W R A . [ S52R ] S X IR AR HE, BBS 4 23 Ji7 286 400 e i 42 ik
Claudin-1 . Occludin MUC-2 T Z0O-1 A2 9B F IL-6 IL-10 Fl TNF-o mRNA 7KF-TC B 254k (P>0.05) , T IL-18 mRNA 7K
i FREAR(P<0.05) o 2 A28 I IR o — G M G B 1 6 DS 07 6 OS 4 IC A AR E (P>0.05) . BBS B BE T
Shannon , Chaol 1 Observed_otus #§ 4% i 2 P& A ( P<0.05) ; [ 1/K ¥ I, BBS 4125 JE B ] ( Proteobacteria ) # Xt 3 & 1 2% F+ /5
(P<0.05) ,)J2BEM ] (Firmicutes) 55 401 1] ( Patescibacteria ) A1 %F =E BN F/B 1 2 & B# 1K ( P<0.05) ; J& /K I+, BBS 4177
T EARICEE R7 WIHF ( Christensenellaceae_R-7_group) AR 7335 JEERE W J& ( Firmicutes_unclassified ) 3% 5. M 18 )& ( Candidatus _
Saccharimonas ) WEBEF W )& ( Saccharofermentans ) . B2 B} NK3A20 T #f ( Lachnospiraceae _NK3A20 _group ) F1 3R 2. TR ¥ &
(Acetitomaculum ) FUFAXT 32 B 1838 F % (P<0.05) . 16S rDNA J&[FZH /Y PICRUSE 2 TIRETIM 4% S W | 25 I il - ) 25 R i
FEEERLEZRIGH IR B Ak JFEILA MR L-52 2 IR e . [ 8518 ] BRI 30% 4 o 5 7T B AR =5 i 2
NS RE R F IL-18 mRNA ikt , MU 2 B BE A W i SRR RAE N 2 B2 805 I 1B R B oAb, ISR 45 R M B AE
TR R R R 2%
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Effects of dietary broad bean skin on barrier-related gene expression,
digestive enzyme activity and microflora of jejunum in Hu sheep

LIU Jing' ,WANG Zhao' ,YU Hao',XIA Yuting',LI Peng”,NIU Weiqiang”, WAN Yongjie' ,MAO Dagan'"

(1.College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China;
2.Qidong Ruipeng Animal Husbandry Co.,Ltd.,Nantong 226000, China)

Abstract ; [ Objectives ] This study aimed to investigate the effect of adding broad bean skin( BBS)to the diet on the barrier-related gene
expression, digestive enzyme activity and microflora of the jejunum in Hu sheep. [ Methods ] Thirty 4-month-old male Hu sheep with
similar body weight[ (27+2.0) kg ] were divided into two groups, feeding with basal diet (CON) and diet with 30% broad bean skin
(BBS) ,respectively. The pre-feeding period was 10 days, and the formal period was 50 days. At the end of the experiment, jejunal
tissue and chyme were collected(n=35) ,mucosal barrier-related gene expressions were detected by RT-qPCR ,mucosal digestive enzyme
activities were detected by biochemical kits,and chyme microbial was analyzed by high-throughput sequencing. [ Results ] Compared
with CON group, the jejunal mucosal cell junction genes Claudin-1, Occludin, MUC-2 and ZO-1, pro-inflammatory factors IL-6,1L-10
and TNF-a mRNA levels in the BBS group had no significant changes ( P>0.05), while the expression level of IL-18 mRNA
significantly decreased( P<0.05). There was no significant change in the mucosal a-amylase,trypsin and lipase activities between two
groups ( P>0.05) . The microbial Shannon index, Chaol index and Observed_otus index in the BBS group significantly decreased ( P<
0.05). At the phylum level, the relative abundance of Proteobacteria in the BBS group significantly increased (P<0.05) , while the
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relative abundance of Firmicutes, Patescibacteria and F/B value significantly decreased (P<0.05). At the genus level, the relative

abundance of Christensenellaceae_R-7_group , Firmicutes_unclassified , Candidatus _Saccharimonas , Saccharofermentans , Lachnospiraceae

NK3A20_group and Acetitomaculum significantly decreased( P<0.05). The functions of jejunal microbial differential flora were mainly
enriched in the tricarboxylic acid cycle, fatty acid B-oxidation, protocatechuic acid degradation and L-leucine degradation pathways.
[ Conclusions ] The addition of 30% BBS in the diet can decrease the jejunum mucosal inflammatory factor IL-18 mRNA expression
level ,change the jejunum chyme microbial flora diversity and relative abundance ,and regulate intestinal fermentation environment. The
results will provide a reference for the application of broad bean skin in the development of sheep industry.

Keywords : broad bean skin; Hu sheep ; jejunum ; barrier function ;digestive enzyme activity ; microflora

PR E 77l 2 7 Al %) B 2H R A, L R GDARL B 5 ke B8 ) L LA 1 IR 7 i & i . TR AR
DRI = 5 TR SR AR HE IR A AT R A SR ) G A TR TR E B AR VR AN R RL SR
ARV LA &5 A 5 3277 I, HR P W e G R A B e 0 AL . A SRR RS FR A, & A R I £
ELEEA 2= W OF & S IR L 4 KR AL TE RS LG L, BRI, ZESh W DR R s i — s LA i)
SRR AT e AR TR S B i Sl WOCE SR B AR s sh ) AR KM RE , HLAR R R R BB T R R R
PUEALTEEVE I o T o T B R P 6 i T v 1 R R TR T R 4 25 2 SV 12
A 25 ARG, 0 B ARG, AR R S A

WF5E 2RI, 25 W b R 20 R I 7 35 3 0 IO e 15 BRI il & #4 E A Y, XM 2 W 1 e B e S Z2 A
B b e 4R T ) P R 1 4T 4 2 (A= W) T 7 A S B G 1D 2 ( short-chain fatty acids,SCFA) N2 4
ShYIFRHERE SRR, T BRI ARRE N IR 1 B A0 A AR % R e R 1 A 0 R 40 TR
FRER 155 23k 2R (T 0 25 1 IR G5 A0 2 S 4 A EE B 4 ) LA TR B T A v VR R AE AN
i R 5 M i R L 3 B R R RN A AR T T ARl T AR g PR | R D R R P S K A X — it
BELRAETE T R ni, WiERA: WA £ 2552 HRZH A 5200, 38 5 4053 W O A FE I R 55
YR,

AR ZH i 9I7E S5 RE A AU LA [ 2 eSS HOR g A [m] F 3] %) 7 2 B2 HOR IR F ) 45 R
P H ARSI 309 #ix T2 B 201 - AR MR R R B e R TR AR S T AR I 1 32 B SR W BT W
JIt i B A s A P RE A . WESE R/ NI 8 R B 0 TH AL M sz 3 i e R Eh B TH AR M B
AR R R AR PR AR B DU 25 SR X G 5T H AR TR I 309% % 55 142 X 6 55 e A
IR FeTk T EE TG T A BE U P IX R R, AR 78 038 99 5 A = PR RE O TR ZE AL, b A 50 R IF
KA BERIR A

1 #RIERZE

1.1 e sim ke B R

PERRIRN A REAHIT[ (27£2.0) ke ] A9 4 H B HEMERISE 30 O FEIL M 2 d(n=15) , 541 3 &
A ERE 5 A, XL (CON) MR Al H R, 050 2H ( BBS ) 1RSI 30% 4 &2 572 () BEhli HAR . 2 20
H R ANE SR I3 1,
1.2 BRIt SEMRE

Pl 10 d, BN 50 d, BRI IIE] 45K 08:00 Hl 14,00 £ M 1 ¥k, [ HREAOK, 564,
HCRBAERE AT S HERBYE(n=5) , YHIEEE 24 h 2K 2 h, B ikpun kg 5% . e RES B
AR S BE T URAFE P, T UK RIS 80 22 - 80 C W R ARAF , T T 5 2L M Bh I B B AH G L 9 1 1k
TR T A AR B B A DN i
1.3 XBERINE
1.3.1 ZBHEREHEXEERRIEE W RT-qPCR Kl 23 1 2 W57 B AH OC KL K mRNA AHXT R ik,
HFEAEEA 1 2 ( Claudin-1) PABE A I (Occludin) B H 2 2K (mucoprotein-2, MUC-2) A&
INREE B A (zonula occludens-1, Z0-1) A2 6 F:[H (interleukin-6, IL-6) . A A i/~ 10
(interleukin-10,/L-10) (FAAHIEAFE 18 2 A (interleukin-1B , IL-18) FHIEIRFEH F o ZEH (tumor necrosis
factor-alpha, TNF-a) , fdiF RNA #2565 & (RC112, 5 5L e A= Wy RHE A R 7] ) HEEZH 214 RNA
St st & (R323-01 , B At MERE AR W RHEAT R A 7)) 2145 DNA | 5 BRI & (Q311-01, i 5 ik e
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AR FR 2 7)) A I mRNA ARXT Rk i Bt TS 140 L1 A T A9 TR BR A /45 i, PP 91 ik 2
JIR o X NS B-actin SRUEILST B 2735 T T H R BE R X R K KT
®1 BRABKREFAMKTE(KTFEAM)

Table 1 Diet composition and nutritional level ( air-dry basis) %

H M4 AL Diet composition CON BBS B IR Nutrient content CON BBS
FK Corn 24.9 0.4 T4 1LBE Digestible energy( DE) 12.5 12.8
%7 Bran 8.3 33.8 T4 Dry matter( DM ) 62.0 60.0
A1 Soybean meal 15.0 13.6 HZE A Crude protein( CP) 14.0 14.2
ik NaCl 0.8 1.2 MK 5> Crude ash 12.9 9.8
/NIFRAT NaHCO, 1.5 2.1 HLAEM Ether extract(EE) 8.8 10.1
TR Bl Premix 2.9 2.4 FP PR 4 4T 2 Neutral detergent fiber( NDF) 51.3 51.5
A Peanut seedling 5.0 0.0 TRIEBE LT 24 Acid detergent fiber( ADF) 39.2 29.3
# 5% Broad bean skin 0.0 30.0 5 Ca 0.4 0.4
i Okara 6.3 3.9 W P 0.6 0.7
ARBEH} Cassava flour 22.7 0.0

T F KA Silage corn stalk 12.6 12.6

¥ :1) CON. Xt R4 BBS . A% 5 7 21 ;2) Bk N A T e bR B . 45 0.5 ¢, 85 0.7 ¢, 87 0.5 g, #1 0.1 g, 4E£E 2 A 7 000 TU, 44 % D, 1 000
U, 44 % E 100 1U;3) DECP Ca #1 P Jyi15(E, DM LK 4 EE NDF 1l ADF S {5E f ;4) HALBE A MT-kg ™',
Note:1) CON ; Control group; BBS:Broad bean skin group;2) Premixtures for feed per kg:Mn 0.5 g,Fe 0.7 g,Zn 0.5 g,Cu 0.1 g, vitamin A 7 000 IU,
vitamin D5 1 000 IU,vitamin E 100 IU;3) DE,CP,Ca and P are calculated values, while DM, crude ash, EE,NDF and ADF are measured
values ;4) The unit of digestive energy is MJ-kg™'.

&2 BWERSIWF5

Table 2 Primer sequences of target genes

FEH Genes SRS Accession number BIYF51 Primer sequence(5'—3") P /bp  Product length
Claudin-1 NM_001185016.1 F.TICATCCTCCLCTTICTGEG 208

R:TTGCTTGCAGAGTGCTGTTC

. F:CTCGGCAGGACAGGAACAAAA
Occludin XM_004016905.5 R. TCGAACTTGTCCATGGTGCT 67

F:CACCACCCTTCCAGGCTC
Mue-2 XM_042237826.1 R:GAGGTAGGGCTTGTGCTGAG 105

F:CCAGACACTCTCCACAGCAG
20-1 XM_042235170.1 R:TACACAGGCTTTGGCTCTGG 190

F:AATCTGGGTTCAATCAGGCGA
-6 NM_001009392.1 R:GTGTGTGGCTGGAGTGGTTA 197

F:TGCGAAAACAAGAGCAAGGC
1L-10 NM_001009327.1 R:ACACCCCTCTCTTGGAGCATA o8

F:GCAAAAATCCCTGGTGCTGG
IL-1p NM_001009465.2 R:TGCAGAACACCACTTCTCGG 89

F:TGCACTTCGGGGTAATCGG
INF-o XM_012100437.4 R:CGCTGATGTTGGCTACAACG 141
F:CGCAAGTACTCCGTGTGGAT

B-actin NM_001009784.3 R:TAACGCAGCTAACAGTCCGC 146

1.3.2 ZBRREEMEFEENE AR 6 CrE ot gAY TR TR T ) A 225 i 285 e ff 2 11 il
(A080-2) SR ( A054-2) Fl a—JE M3l (CO16—1) BT, HAK Dy 2 B UL 45

133 ZTHREMEVSHEENE N2 B H RO AE W AIREAR B DNA, BE I 5E e i koA
DNA $EEUR RIS . S8 Logue 25" (7 & 151 WP 51 04T PCR 973, =¥ 4 alifb fil e &, 34
T FIF , A Tlumina NovaSeq 6000 5 ACHEA TN, I B 0 5000 2049 2 2% A1 ok i i e 4 30 9
Ha4 e 5 A8 R R AE 7 51 ( amplicon sequence variant, ASV) Fll ASV E R LERF I ECH 1 # ASV, | H
QUME2 G E MR o BN B 28R . AR M p T ) 1 AR AR B0y A B2 W 58
1.3.4 E£WESEZFSH  HRIE ASV FEHISCH, R H SLIVA 8 2 f1 NT-16S B 15 A T 9 A8 JEAR 3
ASV FEERX YR EES AP FEEHITRI, FREGEBEEHR 0.7, FF PICRUSt 2 Jifg fil i 45
BRI A KO B FE e B R IR R F 257 WM,
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1.4 BEFIT55H

K IBM-SPSS 19.0 BAGEi g6 8ot , 45 R LI E AR ERR (2£SE) R . R ¢ B T 22 7 0
EVEIT, P<0.05 RRZEm B E,P<0.01 FoR 25N B %, ETHUEDFEGER, X5 & 4 2 8] i 2 5
ﬁi‘ﬁ:}‘*ﬁ,}zﬁ Mann-Whitney U test iAW H A 2 AR 225

2 HRESH

2.1 HRFMEBEEERXNHEZHHEREHEXEERRENZIN
M2 3 0 HRRES N 30% 7% 557 ( BBS ) 4 225 i v 4 %% 200 b 3% B2 A0 SG 3E IX) Claudin- 1, Occludin
MUC-2.Z0-1 mRNA 7K 80 HEZH (CON) Jo i 2 A8 4k (P>0.05) , 4 i 48 5E R 140 G X 1L-61L-10 il
TNF-o F) mRNA 7K 500t RZH JC i 257284k ( P>0.05) ,{H TL-18 mRNA 7KF-7E BBS 40 i E A% (P<0.05)
#3 BRFNESEMESERERXEERENZMN

Table 3 Effects of dietary broad bean skin( BBS)on jejunum barrier-related gene expressions in Hu sheep

FEH Gene CON BBS FEH Gene CON BBS
Claudin-1 1.000.13 0.75+0.06 IL-6 1.000.03 1.48+0.20
Occludin 1.000.13 1.26+0.58 IL-10 1.000.15 0.83+0.20
MUC-2 1.00£0.22 1.08+0.20 IL-1B8 1.00+0.13 0.54+0.06 *
20-1 1.00+0.20 1.29+0.25 TNF-a 1.00+0.12 0.82+0.28

W PR 5 IR 25 5 35 (P<0.05) . Tl
Note; * indicates significant difference compared with the CON group( P<0.05). The same below.

2.2 HRFNE TR XM= FRE LB R R0
34 AT, BRI S W2 A R4 BRI T i M2 2 B R AL B MR B
a—JERY T NS W7 T I i AR 1 1 1A 3 MR 2 G . 2 R ) Table 4 Effects of dietary BBS on the activity of

digestive enzymes in the jejunum

(P>0.05),
S pe s . -1
23 BREMEE R HESGARMEN SR mucosa of Hu sheep U-mg
A F8F5 Index CON BBS
EE %l\( Venn) Eﬁ@%%;ﬁ Ij\] g%tﬁlﬁ: E/\Jﬁ'gﬁ;éj\% a—JEMHEG T a-amylase activity 0.06+0.009 0.07+0.004
— " B IGPE Lipase activi AT7+1. .36+2.
PAIC (operational taxonomic unit, OTU) % H ., H:4 4% Huﬂﬁﬁﬁ@ P Lipase activiy 8476176 10.3622.55
JBE 25 11 BB P Trypsin activity 2.92+0.33 2.78+0.21

K 4 MREAR (2 HAA 1 MREARERES Bt/ 1
K EHLHATIELEMF) . A& 1 AT CON 4171 BBS 40435145 1 445 Fil 549 NS OTU, Hovb 417 A4t
[l OTU, A2 MhiE E RS OUT $8 8 F e a5 25 57 . S I B BE AN B 1) 2 1o A W 5 SR el 2, &=
Ay 1A 2 B TTERFE 50 R 87.08% F11 5.79% ., [R]— 4151 P it (B 1 2 50, AN [) 4L 60 ot ) 10 B 8 o
T, A 2 AL W B BE R RESS M AR AL, B¢ 5 W% CON f#%) Shannon . Chaol I Observed_otus 5% .
7T BBS 4H( P<0.05) ,2 47 5K I1E 99% LA I,

5 P=0.093
1 CON;
== BBS
1 |-
CON -
BBS N
2
v
N
<
@]
1445 549 = X
_ 1 | |
0.2 0.3 0.4 0.5
PCA1(87.08%)
1 EEMEYFER B2 EmHoE

Fig.1 Venn diagram of chyme Fig. 2 Principal components analysis( PCA ) diagram
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x5 HRANBEEMBFEZHREMEY o SHMENZIE
Table 5 Effects of dietary BBS on the microbial alpha diversity of jejunum chyme in Hu sheep

154K Index CON BBS
Shannon #8%% Shannon index 5.34+0.71 2.70+0.45
Simpson 5% Simpson index 0.83+0.06 0.57£0.10
Chaol $5%X Chaol index 657.63+74.48 308.64+60.90 *
Observed_otus F8%X Observed_otus index 656.50+74.71 307.75+60.59 *
B IEH /% Goods coverage 99.92+0.01 99.95+0.01

2.4 HIRANMEZENHFEZHREMENEFSNFIIER RN

241 BHRFMEBESZERNAFZREEMEVEBESENZIE A ZUTF AR 22K YR ERS
ARG 6, LA = 19 9 R T 1% =TT Hfth, Hi3€ 6 Al i CON AL = 11 8 22 HE
T 11 ( Proteobacteria) JEEEFE |1 ( Firmicutes ) FIEZE T | 1 ( Actinobacteria) ,BBS HIMLHAH 15 R F 12
HNEATERBETE ] (Tenericutes ) , A HEXT REZL , BBS AT 11 1] B AR 2 BB & i (P<0.05) | JEBE R[]
AN AR T AR B 2 R AIR (P<0.05) o

*6 HRAMBEEWHFE=FREMARIIKFEENZM
Table 6 Effects of dietary BBS on the abundance of jejunum chyme bacteria in Hu sheep at the phylum level %

'] Phylum CON BBS Il Phylum CON BBS
AT T] Proteobacteria 42.97+9.08 77.08+5.92" W E AN 1] Patescibacteria 3.72+1.25 0.50+0.37 "
JEBEHE ] Firmicutes 31.16+6.53 5.98+2.36 " UREFFI] Kiritimatiellaeota 3.45+3.11 0.05+0.03
£ i) Actinobacteria 11.27+5.27 7.91+£4.00 AT ] Bacteroidetes 0.86+0.22 1.01+0.49
EXBETA ] Tenericutes 3.97+3.81 6.25+£6.04 JERER ]/ 30T Firmicutes/ Bacteroidetes 37.46+2.27 6.63+1.50*"

TE: 7 R 50 YT 22 e 35 (P<0.01) o R 1A,

Note: ** indicates extremely significant differences compared with the CON group( P<0.01). The same below.

TR Kb RPRERT S BETERT 30 B m AT, P A E e 1% A A A 14 D ETE, sk 7
Bz :BBS 21 ) vd B 17 1B 2% EQ T R7 18 Bf ( Christensenellaceae _R-7 _group ) . A& 4328 JEBE W J& ( Firmicutes _
unclassified ) . WAL TR ( Candidatus _Saccharimonas ) W % it 7 )& ( Saccharofermentans ) | FE I NK3A20
1 #f ( Lachnospiraceae_NK3A20_group ) F15 Z. TR 1 J& ( Acetitomaculum ) AT 2 B g 25 F#AIK ( P<0.05) |

*7 HRAMBEEWHEZFREARRKFEEENZM

Table 7 Effects of dietary BBS on the abundance of jejunum chyme bacteria in Hu sheep at the genus level %

i@ Bacteria genus CON BBS

A SRR IR PE TR - BB B - A B A 502 R 818 Burkholderia-Caballeronia-Paraburkholderia 37.20+8.48 59.41£10.65
RERVIRNEIR Aeriscardovia 10.1125.29 7.18+3.82
RIRIAEEHE Delfiia 0.94+0.65 9.18+8.42
fflIk 32 JEAAR Ureaplasma 3.84+3.83 6.17£6.06
Vi BT AR R R7 B Christensenellaceae_R-7_group 4.70+1.27 0.64+0.31*
KA HIERET IR Firmicutes_unclassified 4.42+0.75 0.88+0.49 **
WEHEE Candidatus_Saccharimonas 3.71+1.24 0.49+0.36 "
K432 WCHB141 WCHB141 _unclassified 3.45%3.11 0.05+0.03
WEBEART S Saccharofermentans 3.21+0.98 0.23+0.18
9% B BRI NK4A214 B} Ruminococcaceae_NK4A214_group 2.74%1.41 0.57+0.20
KPR AL Sphingomonadaceae_unclassified 0.95+0.22 1.59+0.20
Family_XIII_AD3011_group 1.56+0.43 0.43+0.28
EIRTER} NK3A20 B Lachnospiraceae_NK3A20_group 1.49+0.27 0.46+0.24
RLIRBE Acetitomaculum 1.32+0.08 0.25+0.15**

2.4.2 BEEIIEETMSH  FIA 16S rDNA Fiill T E PICRUSE 2 FR4XFIX 2 41FE i B fE Ptk A 7 D) RE T
W, 225 KO B8 5% B0 () D e B HEA TR RS, 25 AN 3 Btz , 2 AL =2 W 2 v 7 B 210 19 KO 4 At
BB T 30 DIIRESES, F RS B S RE TN M BRI AR B AAAk JFILAS R IEME I —DRRIGIH V (L—2 =R
Wsie T R RR Mk . = RERIEEF [, H BBS 41 2 & T-XF 4H (P<0.05) ,
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B-D-APGHID-Fi Bl PR i #8 #% Superpathway of & beta-D-glucuronide and D-glucuronato degradation
BEFRB-% Ak [ Fatty acid & beta-oxidation | 7

N FRFR % 15 0, L B ANFLER 1T Pyruvate fermentation to acetone and lactate I

D-FHHRRRR AR D-fructuronate degradation 1

WA A2 IR B i (775 40) Purine nucleotides degradatio 1T (acrobic)

PCAPRES T (451 245 12) PCA degradation I (ortho-cleavage pathway) ]

JREZ [ IV (R4 Allantoin degradation IV (anaerobic) ]

RGNV 2-FUR R BRA R 1 4AUEIA i) TCA cycle V (2-oxoglutarate: ferredoxin oxidoreductase) ]
L5 JR# % 1 L-leucine degradation | 1

WEME A= )45 1 T (K% FT ) Thiazole biosynthesis I (E. coli) T

G2 I Fatty acid salvage ]

L- 54 R fi# 11 (Stikland JZ )/ ) L-ornithine degradation II (Stikland reaction)
LR e B S R ER AN T i3 L-lysine fermentation to acetate and butanoate

WEBERARAZ RO % Superpathway of pyrimidine ribonucleosides salvage ]

I JEE =R IRTEPS | Reductive TCA cycle | 1

CDP-GLUFTAE M O-FLIFMIF A= )45 1 B A3 1 Superpathway of CDP-GLU-derived OAG building blocks biosynthesis 7
R I Tt SR A TR I A A3 ¢ Superpathway of pyrimidine deoxyribonucleosides degradation
W4 A% F B#f# Purine ribonucleosides degradation 1

BRI FIAR AT e R T Adenine and adenosine salvage 1l 4

ZIRIRTEA 1 (J5%) TCA cycle I (prokaryotic)

WA Ay SEUA% T [ i ER 8 % Superpathway of purine deoxyribonucleosides degradation
AL = IRIBIGH Incomplete reductive TCA cycle

L-FZ=WER#f# 1 L-rhamnose degradation | -

NAG. NeuAcHNANFFf# M Superpathway of NAG, NeuAc, and NAN 1

KRR . SRR RAN L%/ Arginine, omithine and proline interconversion

NAN[Z 838 i Superpathway of NAN degradation

iR 7= M f5iMethanogenesis from acetate |

NTERER % 7= 2.2 Pyruvate fermentation to acetate 1

S P14 R Tsopropanol biosynthesis 1

IS AL R % 1 (KR Purine nucleobases degradation | (anaerobic) 1

il il L

1

0 0.002 0.004 0.006 0.008
7. i—‘« i
[ CON; [ BBS ¥ ’]HSWJ.
Mean proportions
B3 KEGG Ih&EiERE

Fig. 3 KEGG functional note
3 itig

31 HRAMEBEZEXMNHEZBHEREHEXERREIENHMN

Jr 38 B B LA — 3 EE B B, o] DAHS B LR A B0 A S ot PR 1% 8 46 L % ) 37 B 1)
Ay RIReRZIR piE T Re , i R Az i . BRI TN Claudin-1, Occludin . ZO-1 4F AT 815 i 1 8
BYERER , A Sk LA, AT R 8 8 A, 57 1k A0 R RS A7, 95 i T B e T AR I L AR
MUC2 27 - Bz 40 M 73 WA i — Bl s 2 B i W AR 11, i 38 AR B B a2 1 2 B MUC2 Rk Rl 1Ii=F
BRI 2 F16 h 525 W Claudin-1 . Occludin 1 Z0-1 FEHFX BN BE FIH L BRISIAAFREAE T /N E
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