S
EFx0E I 5 2L 4

: 9518 % 454 0] 2023 4E 8 A
Eco-Environmental . .
Knowledge Web Asian Journal of Ecotoxicology Vol. 18, No4 Aug. 2023

DOI: 10.7524/AJE.1673-5897.20221017002
A B S, BRIBIE, BB aE, 5. FTArEE 25 A8 B REARSMA TR F w5 B 98 [0]. AR AT 44,2023, 18(4): 439-449
Zhao C H, Chen H H, Hu Y F, et al. Preliminary study of interaction between azithromycin and human gut microbiota in vitro [J]. Asian Journal of Eco-

toxicology, 2023, 18(4): 439-449 (in Chinese)

W2 B R 5 A B SME B AE R S 5

REA, Wik, WEE, Fua, Gk, FERA, FLF

HEARFRMFESAEY ITRER, N B AR R EAANA N A EAL R, VR R EHRAL NG4S
T ARG E G, AN 425199
W F5 B 85 :2022-10-17 S HHE:2022-12-31

FEE . WP I AT 65 3 6 1 1 R R 5 R S AR ™y B S i Sy )7 85 2% 1) R L P P (A AR T8 TR 5 T 3R AR 4l . i
RGNt K 7 B TR A 3 B S i S B AR BRI Bl a5 R 5 N IR B R A VR, S5 3R & a& R ik 5 X7
MR L, 25 4 B UL AT B )& ( Bifidobacterium) |, i BR B J& (Pediococcus) . AT B J& ( Bacteroides) . /INFT T J& ( Dialister) . R 5 J&
(Petrimonas) FFLERAT B J& (Lactobacillus)=5 B AH Xt 32 B i 28 FRAR , 51 B0 5 2 /R 11l £S5 J8 (Ralstonia) F1 5 AT B J& (Pecto-
bacterium) A X} 7 B i B2 1= (P<0.05) ; B K SF I, K XU AT 1 (Bifidobacterium longum) , FLIR i8R #i (Pediococcus acidilactici)
18 [ LT B (Lactobacillus delbrueckii) . Limosilactobacillus fermentum FIEEIR S AT B ( Bifidobacterium catenulatum)Z5: W) A1 Xt =E B
B RAR /NG 25 98 I JR R 1R ( Yersinia enterocolitica)F1 Bz X% /K Wil 1A (Ralstonia pickettit) (A X =F B i 25 42 15 (P<0.05), B
AT B R IO I 18 R T B ) A A R A AR R ST SR (W R IR AR SR B 5, T A R R T e Ay
R EMRRRAR, A AR ARSI & et 12 b s ma A5 T8 A e A 2 R R v AR NE R T 25 R R &
A SO R B A 2 R 5 N B AR A RS AR LS5

KR P RR NI E R RO R R 2 B2 )T 5 S i T R

XEHRS: 1673-5897(2023)4-439-11 RESES: X1715 XEttRiIZED: A

Preliminary Study of Interaction between Azithromycin and Human Gut
Microbiota in vitro

Zhao Changhui, Chen Huahai, Hu Yunfei, Li Baiyuan, Cao Linyan, Jiang Qiongfeng, Yin Yeshi’
Hunan Key Laboratory of Comprehensive Utilization of Advantage Plants Resources in Hunan South, Hunan Engineering Research
Center for Research and Development of Plant Resources in Nanling Area, College of Chemistry and Bioengineering, Hunan University
of Science and Engineering, Yongzhou 425199, China

Received 17 October 2022 accepted 31 December 2022

Abstract ; To understand the effect of azithromycin on the human gut bacterial community and its metabolites, and
provide a theoretical basis for the clinical application of azithromycin in human intestines, the interaction between
azithromycin and human gut microbiota was studied using batch in vifro fermentation, metagenome sequencing,
and gas chromatography. Results showed that azithromycin significantly reduced the relative abundance of

Bifidobacterium, Pediococcus, Bacteroides, Dialister, Petrimonas, and Lactobacillus, and significantly increased the
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relative abundance of Ralstonia and Pectobacterium (P<0.05). At the species level, azithromycin significantly re-

duced the relative abundance of Bifidobacterium longum, Pediococcus acidilactici, Lactobacillus delbrueckii, Li-

mosillactobacillus fermentum, and Bifidobacterium catenatum, while significantly increased the relative abundance

of Yersinia enterocolitica and Ralstonia picettii (P<0.05). Azithromycin also changed the metabolic pathways and

the abundance of resistance genes, such as novobiocin biosynthesis and riboflavin metabolism of gut microbiota,

and reduced the content of acetic acid. However, the degradation rate of azithromycin by human gut microbiota is

slight. In summary, azithromycin affects the bacterial community, metabolic pathway, drug resistance gene, and ace-

tic acid content of human gut microbiota during in vitro fermentation. This paper provides reference for the study

of the interaction between azithromycin and human gut microbiota.

Keywords : azithromycin; human gut microbiota; in vitro fermentation; metagenome sequencing; short-chain fatty

acids
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1 ##57 7% (Materials and methods)
1.1 HEEHSE

RIS AR5 12 ZR S (B L&, 8 20
F 22 % BEAERIET), TAS 558 SRR,
AN ASEAE AR 2 R AC AR [, R AL AR
T 3 A AR IR AT 25 sk 25 A 1A
1.2 K g Lo

Xif R (Con) kg VISR IR S 56 20 o 7 Bl 25
% (azithromycin, AZM, CAS # 83905-01-5, 4ii J&
98% , L IEIR A YR A BR A FD I VIRE SR, iR
P BT 4575 2 IR 500 mg"®!, 2 47% £ 16 HE
RSN ZER R AR FRZ) R 0.3 LB 8 45
P B 2 2 2 119 SEPR R B 249 ) 800 mg - L™, DALk B
YER ARSI
1.3 i A A5

WA B e 2 RE ST, 37 B (] ST 28, e HR R
5 JC1H PBS 2 i (pH 7.0,0.1 mol-L™")Jy 1:10(g :
mL) P LB AT, FH 4 2020 A oL U8 3545 1 1 1
BERE, AR A TR 4 A
1.4 ROMERUR BE W 500

FEREE TAEG B 28 B o il e T X 1]
SRS 2 B U, B 4.75 mL B FRIAER 025 mL
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EERW, BT 37 CRETAEH(VIN,): V(CO,): V
(H,)=80:10:10)1R4], K 48 h, 43 HL 1.6 mL &
FEHE 12 000 r-min™ B.0> 4 min, b BAUTTE 23
BT -80 CUKA . DIEMATE 2 IRIINGE WA
LA FR N W, % ] CTAB B4 HURE & 19 55 DNA
FEUEATIRE A I F A AR Ao Sl e [m) — T =K
4 Py IS R R A 5, SR H Covaris
A R {CRE DNA BEALET T 2K B = i A
B i s Sk gtifk PCR #1445 A0 0% | 58 i & A
SCIER T, P Qubit 3.0 26 5E A AT HI 2E
FE BB SCPE BB S R Agilent 5400 61 SC 2 Y
AR B, A AU S R Q-PCR 5 ik Xt SO R A
AR50 B A T HERA X 2, B¢ Tllumina Novaseq “F- 55
PEAT 2 AL Y 85520k PE1SO, SR AR Bdi PR A7 T
NCBI 4 2 (6 55 /2 PRINAS61660),,
1.5 JEHENR IR AT

FRR S 1B B VS B 1 O R I TR
5], BT -20 CRRJE , EIRE A%, 12 000 r-min™' 2
0> 30 min, ZRA5 1Y _EIEWH SR A5 L(H A B A
7], GC 2010 PLUS), INTERCAP-FFAP {73 F1 .k
B T ARG D 28 A7 AR R I e
1.6 Bil#y a3 & kil

SR 43 6 B v BRI BT A A 2 =, kA
.1 mL ZEERFP A 02 mL ZEEIRAT,12 000 r-
min~ B0 10 min; B 1 mL IRE, A 2 mL 2578
K T T VKK R A8 9.76 mol - L™ B B2 1A K
7 mL, #5760 C/KIE AN 30 min,482 nm 5 I W
TG
1.7 REEERAy LG5 Hr

W5 3 A A B LR B ] KneedData #4547 i 45
15 A& 5 K Kraken2 2F AR 1 &

B 53 BT A 307 5 B YRR T 51 8L, ) Bracken #X
PGB BRI H] UMANN2 8RB RE A7 41
5 UniRef0 £54 e Lokt , ARA5- 13 B 05 8 AR X =F B2
1 A RUT ) 5Pk R U B CARD L X 4R
RERERER, FE TR Dae & yob: 2K i =+
10 NIR I B REAS ) K Ui iedE . R A IBM
SPSS Statistics 20.0 ;52 56 K da i 47 25 7 0 3
FAHICHE 2T, P<0.05 A Seit 2% & X, 3 Graph-
pad prism 5.0 Fil Heml 1.0 324,

2
2.1

25 5 ( Results)
B8 o= oM

¥ Con HH AZM ZH 11 24 fiy DNA FE i, i 1]
ARG 5 X 4 IR G — 21, WARAF 1 6 iR
GFE AT R E BT YRR R R
JP51 23x107 4%, 45 5 RT3 A 807 51 2.2x107 4%,
AROFINE L Qy Qs K GC it XI5 2K, 4
PEAEGER 1), AT AT 5 225317
2.2 ANKWIE B R 2H A B

VAR BT3B RN B B ERY Chaol |2

P A USEFEHCE AN B ., Venn 437 78 Con 4H
KA E Y R 310 B, AZM A BUE Y R 214
Fl 2 I 1052 Ff, X EBREAA SUF )
AT S IR AT AT B AT 20 AYSSRE, 45
WoR, KB LB T 22 B T 1] (Proteobacte-
ria) JERER [ (Firmicutes) | il 2 14 [ ] (Actinobacteria)
AT ] (Bacteroidetes) , X 25 B [ J#E Con 20351 5
46.7% .26.1% . 16% F1 8.8% , 7E AZM 21 4% 51 5
66.5% 245% 3.5% F142% (I 1(a)), 5 Con 45
BETR T RHUAT AT T EE A L I LR AE AZM 42
TA—A%, A EFRN AT EFH Enterobacteriaceae) |

®1 ANkR7EREREERANF SR

Table 1 Data of human gut microbiota by metagenome sequencing
Raw Data Clean Data
Samples Clean/% Qy/% Q30/% GC/%
Reads(107) Base/Gb Reads(107) Base/Gb

Conl 24 72 23 68 950 98 4 94 4 44
Con2 23 69 22 65 942 98 4 %5 49
Con3 23 70 22 6.6 %5 98 4 %5 46
AZMI 23 68 2.1 68 934 98 4 95 54
AZM2 22 72 22 64 94.1 98 4 93 43
AZM3 22 70 22 6.7 939 98 4 94 4 47

1:: Con R/RR M, AZM FoRBI AR E

Note: Con means control, and AZM means azithromycin.
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M Cossaviricota BHRR ] W Sutterellaceae EEAEIC A
s greple(ajsmiviricota g‘;il;i%ﬁ:;‘{gé%‘:;a Riker';ellaceae BUNDSR
- ressdnaviricota ssanay a, . . Fusobacteriaceae AN
=75 Deinococcus-Thermus f‘%iﬁﬂn-ﬁﬁﬂlﬂﬂ £ 75 - Streptococcaceae Zﬁ? BIET
s g | e itk < g | B L e
< SIETRT = yoviridae JLFEnE R
= -§ il .ésc?_m}l'lcota g%%lﬂgﬁﬂ = —§ | Ac1dﬁm1nococcaceae %%%E‘k[ﬂﬁi
i g Lentsphacrae TERh # 2 50 B Desincere -
=8 3 1 ) ) . PP ) g 5N R
= Candidatus-Saccharibacteria ﬁ%%ﬁ%@ﬂgbjacteuaﬂ & 2 Veillonellaceae B BRI B
E 2 B Phixviricota el T 5 O R
= ofneiviricota 1S R INTE = nclassifie E 8
o~ I Fusobacteria WA, -4 ©" Lachnospiraceae %ﬂ%rﬁﬁ
Ui caa 1 Facariducen A"
: Gl A acteroidaceae S IEE
Bacteroidetes %}E%H Lactobacillaceae ?Lflﬂﬂ .
B Actinobacteria sy M Bifidobacteriaceae RUSFTIREL |
B Firmicutes gs s B Selenomonadaceae B AP R
ol B Proteobacteria ey 0 B Enterobacteriaceae UL AR TR
Con AZM Con AZM
© 1001 == = m Other JSE% » @ 100 . | Other Hofh
= . Collinsella ol %EE Dialister hominis Dialister hominis
= B Companilactobacillus PSS 5= =—— W Dialister massiliensis Dialister massiliensis
[ Phascolarctobacterium %i%éﬁ[ﬂ% —— Lactobacillus delbrueckii i [C2 14
3 I8 Faecalibacterium WEHT ) N | = I Bacteroides uniformis SRR
ES Mediterraneibacter Mediterraneibacter S 75188 Enterobacter roggenkampii % f& [l AT 15
: ® et e : S Shomnes S
S g iali - & ! Do .. < Je N LR
3 8 puse, gt &3 8 it el
£ Sl & lebsiella variicola A R A
i £ = El}terol;acteg " %%LZEE; - By 2 50 A Limosilactobacillus mucosae %ﬁﬂﬁ@ﬁ&ﬁ&ﬁ
= imosilactobacillus ﬁjaj *JI‘J_' X o Mct:gamonas hypermegale @Egsﬁﬂﬂ[ﬂ
= .z * Prevotella 1 QEEE & z .z ' Bifidobacterium longum KU AT 1
= Bacteroides %@ﬁ‘,@l % = Prevotella copri Prevotella copri
S I Ligilactobacillus PGS A)E o I Ligilactobacill ini s e
& Uél Dbac TR I~ igilactobacillus ruminis I8 A AL
Pllzlc assi 17 E%@ﬂﬁ i 25 Phocaeicola vulgatus Phocaeicola vulgatus
Klogaaﬁo a ﬁ fid B EETI%i 8 B. pseudocatenulatum fg/ N DU T
| Bifeidsollia?terium XXE%EE ‘ g Zﬁgﬁfﬁgﬁ ﬁ%ﬂ%ﬁ%
= Megamonas ET&%@;E B8 M. funiformis PRk
Escherichia S i s ol B E coli JkT s
Con AZM Con AZM

1 RERPHEEFENFEE
2 (a) I7KPALE, (b) BEKTPLLRL, (¢) @K ALK, (d) k-T2,
Fig. 1 Relative abundances of intestinal microbiota in fermentation broth

Note: (a), (b), (¢), and (d) means the composition of the microbiota in each group at the phylum, family, genus, and species level.

B A Y 5 18 B} (Selenomonadaceae) , AU FF R BE - 6.3% F1 0.2% , 7E AZM 41 45 51 5 56.1% . 18.8%
(Bifidobacteriaceae) 1 ¥ 2 1# F (Lactobacillaceae) 5 , 8.1% F12.7% (K 1(d)),

EATTE Con 4143 Bl 15 46.7% . 16.8% . 15.7% Al X R VR T A ol R TR R REEAT AT, 2R
62% ,1E AZM 5500 66.4% 199% 3.5%F13% St #l i o B i BRIE 18 & (Methanosphaera) il
(F 1(b)), PL#w)E 1% % [ & (Escherichia), F P bt 45 T T8 J& ( Methanobrevibacter) %5 , ‘B {1 #F Con
PR TR J® (Megamonas) . XU, #T 1 J& ( Bifidobacteri- o3 77.7% 1 11.1% 76 AZM 53515 75.5%
um) a5 11 [K @ (Klebsiella) , Phocaeicola , & & X F133% (18 2(a)), PR EFH K HEHE 5 & (Saccharo-
41 J& (unclassified) . #1 ¥T 1 J& ( Bacteroides) il Ligi- myces) A 43 22 H 7 J& (unclassified) . & $7 0 1 J&
lactobacillus %5 , H.H R 4 Fh# )@ 76 Con 41 43 W 5 (Malassezia) /& 2k 71 J& ( Candida) . 1% & 1t J& ( Pseudo-
38% ,16.8% ,15.7% 1 7.5% , 7 AZM #5355 cercospora) i %j i J& (Botrytis) . Capronia F17# 1 [
56.1% .199% 3.5% F19.3% (I 1(c)), Th#F MK BEFREE (Debaryomyces), H:HH R 4 FH# J@ 1£ Con 2H
T 1 (Escherichia coli), %Y B 5.} 7% (Megamonas St 459% 39.8% KT 1% .13.4% ,7F AZM 4
funiformis) Jifi % 3¢ 75 10 [X T4 (Klebsiella pneumonia), 739t 2.6% KT 1% .36.1% #1 16.7% (I 2 (b)),
T WU AT 1 (Bifidobacterium adolescentis) iR /)N Br2:99% LU AR SR e, RSB Jiaoda-
W AT 1 ( Bifidobacterium pseudocatenulatum) . Pho- virus, Webervirus, Shamshuipovirus., Wanchaivirus 7l
caeicola vulgatus J& '8 FLER ¥ 1# (Ligilactobacillus ru- Uetakevirus %5 (I 2(c)), B2, Bl & 8 R AR ER 20 8
minis) . Prevotella copri A XU AT 1 ( Bifidobacterium & [T RF B & A1 Webervirus 25 AR B, $2 51 H b
longum)FiEA . H 9l 1 (Megamonas hypermegale), NERRWE SR EE  Shiaws RHRE A
HA AT 4 A AP E Con 473 9 15 38% . 15.9% . BRI Jiaodavirus S (AR R
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2.3 NIRME R 2 S b

PRRE 22 S o0 A Sl BT 2 8 2% B 5 o P 0L,
¥ & (Bifidobacterium) . i Bk 7 J& (Pediococcus) . U
¥F 14 )& (Bacteroides) . /M 1 J& ( Dialister) . ¥R/ 1 )&
(Petrimonas) , 7. & ¥T- 1 J& ( Lactobacillus) . 7% ¥T- ] J&
(Corynebacterium) . Z 37 5 J& (Abiotrophia) . Mixta F

WK SC LT I8 (Erwinia) 55 B ARXT 32 B2 5 W 2548 i 2 7R
il G 5 i (Ralstonia) FIR AT 1 J& (Pectobacterium)
X E JE (P<0.05)(&] 3(a)), Fl/KF- bR #4585 %
2 FRAR A UL AT 1 ( Bifidobacterium longum) \FLFR A
EK W (Pediococcus acidilactici) 72 [G FL AT B ( Lactoba-
cillus delbrueckii) . Limosilactobacillus fermentum Fl%&%

(a) 1007 (b) 1007 = — i (e) 1007 - B W Other
I.’éc ia Felixounavirus
BRI R) )R ~ M Alcyoneusvirus
. Lughvirus
| Capronia | I Brigitvirus
=" 2 73] Debaryomyces =" = Warwickvirus
3 3 700 G B 3 B Lederbergvirus
X = X = B ~ X = Taranisvirus
= 3 ] otrytis S 3 5
w2 g WA =S — B Novemvirus
& 2 # 32 H 3 Sazkungwrus
T8 504 Halorubrum T3 50 Pseudocercospora T2 50 B Yong
= : HhOT = s BRAR = : ongunavirus
= 2 2L = 2 LEIE/R = 2 Uetakevirus
i g Methanobrevibacter * g %{"?‘qﬂ = z " Wongtaivirus
3 R BER 14 2 SRR E ] Lafunavirus
Methanosarcina Malassezza | Byrnievirus
25 e\ R 25- BTN 254 Nonagvirus
Methanosphaera Unclassified ?{ancﬁamms
R 12 AREEE IR QPEEYITUS
Saccharomyces B Shamshuipovirus
L I B Webervirus
0 0 0 B Jiaodavirus
Con AZM Con AZM Con AZM
B2 REBHERPREDERKELHENFEE
TE:(a) W, (b) ELIE, (c) Wi,
Fig. 2 Relative abundances of intestinal microbiota in fermentation broth at the genus level
Note: (a) Archaea, (b) Fungi, (c) Virus.
®  mwcon Az ®  mmconmazM
R ] Actinobacteria | — - i :
RUELFE L f Bkl)f‘r dobacteriaceae kX)UlifH: EI Sg%gi(‘jgfjgz;”;ﬁéﬂ;ﬁzz =
g ALY _ !
TR 174N ¢_Actinomycetia L Lactobacillus delbrueckii ]
RUSAT 1 H o_Bifidobacteriales e - s ,Iac obaclluus fe. rueckii 3
RUEE T 17 i ¢ Bifidobacterium RIERT s_Limosilactobacillus fermentum :
W HE o_Bacteroidales = KE%W%%@S}) ctLUYl s_Siphoviridae sp. ctLUY 1
R ARLAEL] ¢_Bacteroidia HERRPsp. 16443 s_Streptococcus sp. 1643 '
AFHL p_Bacteroidetes Dialister hominis s_Dialister hominis :
WA f_Bacteroidaceae Dialister massiliensis ~s_Dialister massiliensis
gjg@% g—%gé?;%‘;égz Clostridiales genomo sp. BVAB1 s_Clostridiales genomo sp. BVABI
/J‘ﬂrﬁ}"ﬁ g Dialistor 2k Hisp. HMT 175 s_Actinomyces sp. HMT 175
RENNR LS B : E5 Wi LAF1E ) vaginali s_Limosilactobacillus vaginalis -
AR ER AP f Veillonellaceae ! B UIT I8 )i vaginalis Bifidob ; f i
FoERIA H o Veillonellales= ; IR FF I e e P
D d J fD n d ! Petrimonas mucosa s_Ietrimonas mucosa .
ysgonomona al;;:}a: - ysgon;m},c:;irsgizz_ ! ﬁ@ﬂ%gﬁum@ s_Collinsella stercoris b
?LH:E[E g Lactobacxllus= Pauljensenia hongkongensis s_Pauljensenia hongkongensis [N @ '
AT I g_Corynebacterium I | ﬁ’}ERﬁ%Eﬂ s_Vibrio furnissii
f/ [‘,;:[ ; f Corynebacteriaceae HIHLA AR s_Bacillus paralicheniformis .
g_Abiotrophia : " ELI?E s_Rothia dentocariosa [N @
Wi [_EM.”“"’ a g}?,%;ﬁi 1 WSS s_Abiotrophia defective
‘\}*W*l’ f Aerococcaceae %}*lﬁsl’- VT162 s_Streptococcus Sp- VT[G%
Pauljensenia g Pauljensenia . PRAEC T R 1A . s_Anaerobutyricum hallii P
e 11 g_Actinomyces 474 Nanosynbacter/fsp. HMT352  s_Candidatus-Nanosynbacter sp. HMT352 = B
3¢ Nanos nbactex}:' g_Candidatus-Nanosynbacter 3 A AT s_Lactobacillus paragasseri b
% BREARE f Staphylococcaceae : S WU R I s_Bifidobacterium breve [N @ '
PRAUT R IA g Anaerobutyricum e N s_Streptococcus dysgalactiae
e Nanosynbacteraceaeﬂ f Candidatus-Nanosynbacteraceae I i e R 1 s_Streptococcus salivarius ;o
gZENaIIOS nbacterales | o_Candidatus-Nanosynbacterales ' v = : s Phocaeicola dorei P
Y ' JE 4R P9 JE dorei = -
% SaccharimoniaZy ¢_Candidatus-Saccharimonia Lo Rl A s Actimomyees pacaensis Pl
Mesosutterella g Mesosutterella HEES JZk 141 )8 pacaensistl _/lctinomyces pacaci P
N 96 R AR ZR T s_Yersinia enterocolitica P
AT IR g_Pectobacterium N n%kﬂzd\ PR IR Ral o pickettii P
/J\ﬁir’[ﬁﬁﬁﬁ' ¢ Ralstonia ! J FC% IR Tf s_Ralstonia pickettii b
0 2 4 0 2 4
LDA Score(log, ) LDA Score(log,,)

3 LEfSe HiilAEHEHNEREEN
1 (a) JBACE, (b) FkE,
Fig. 3 Differential abundance of intestinal microbiota taxa analyzed by LEfSe

Note: (a) Genus level, (b) Species level.
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RXUEE T B ( Bifidobacterium catenulatum)? i FI X
B 5 S E R /N 45 B 98 HIS R #% B ( Yersinia entero-
colitica) 1 {z T JR 7 1] ( Ralstonia pickettin) () FH X
FE(P<0.05)(E 3(b)).
2.4 ANWImIBERHE KEGG 2257k

Ji7 8 R R A ) 2 DR T R A A 45 2R s 1
AT LT BRI 8 % 3 B e e (HR T 75% )32 S
AAF LT 20 RSB 22 5 AR ;3 UK LA 6
ZRERZ R B EF(P<005), EMail et ER

¥4 i (novobiocin biosynthesis) % & Z X1 (ribo-
flavin metabolism) . B Ht i & 4= ¥ & Wl (insect hor-
mone biosynthesis) . 1 % 1 17 i& 720 HL (longevity
regulating pathway-worm) ., £& 1 Ji 74 £k F1 W2 U& (pro-
tein digestion and absorption) 5 g I 41 itd K 115 51
% (adipocytokine signaling pathway)([€l 4), 5Xf R0
FHLE, AZM B SR A A BRI T 92.9% ,
FS T AL AT I REAIR T 88.6% , Higs Rl 12481k
TREELE 10% ~20% Z[A],

(a) 100 7] oo — (c) P
Adipocytokine L] Con i
[ - l Organismzl systems signaling pathway B AZM 0.0239
3 y f3a Y _I
AR WA -7
75 . . Environmental Protein digestion
< ~ information and absorption 0.0395
3 processing E PR S
;& g A b3 Longevity regulating 010023
H— _§ . Human diseases pathway-worm | ’
= § 504 NP KRR IR AR -l
*g Insect hormone
S Cellular processes biosynthesis ] 0.0136
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