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Fig.1 The protein-protein interaction network of E. sinensis

Blue represents the original annotated protein, pink represents the newly annotated protein, purple represents the protein with no annotation.
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Fig.2 The metabolic protein-protein interaction network of E. sinensis
Purple represents the newly annotated protein, blue represents the original annotated protein.
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Fig. 3 Molecule functions and subcellular locations of the proteins in

the metabolic protein-protein interaction network of E. sinensis

Orange represents protein with subcellular location, blue represents the protein with no subcellular location; triangle represents protein with molecular

function, circular represents protein with no molecular function.
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Fig. 4 Distribution of metabolic protein in
different molecular functions
1. binding, 2. antioxidant activity, 3. transporter activity, 4. nucleic acid
binding transcription factor activity, 5. receptor activity, 6. electron car-
rier activity, 7. molecular transducer activity, 8. protein binding tran-
scription factor activity, 9. structural molecule activity, 10. nutrient reser-
voir activity, 11. translation regulator activity, 12. enzyme regulator

activity, 13. catalytic activity, 14. protein tag.
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Fig. 5 Distribution of metabolic proteins in
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1. synapse part, 2. extracellular matrix, 3. organelle part, 4. cell part, 5.
cell, 6. membrane part, 7. nucleoid, 8. membrane-enclosed lumen, 9.
synapse, 10. organelle, 11. extracellular matrix part, 12. extracellular
part, 13. membrane, 14. macromolecular complex, 15. extracellular

region.
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Fig. 6 Distribution of metabolic proteins in
different cellular organelle components

1. contractile fiber part, 2. organellar ribosome, 3. dosage compensation
complex, 4. organelle envelope lumen, 5. non-membrane-bounded
organelle, 6. intracellular organelle, 7. endoplasmic reticulum membrane,
8. synaptic vesicle, 9.intracellular organelle part, 10. vesicle, 11. organ-
elle lumen, 12. organelle membrane, 13. mitochondrial membrane part,

14. membrane-bounded organelle.

ot 2 . MU E A M@ E R, KB
AR R U E A e 40 T RS,
R Z 0 A T B A SR AR, A —AR I R
A sk IRE . A SR E WA T rh AR
AU E A LAWY, It TP EA Y
TIIRE . W ANMLE 7 FigAe A, it — P05
Hh AR Y B B AU B AR CR S R T
GRS

3.1 g EBEEREIEMKN S FIEETR

M GO B¥i E T #0147 347 4~ GO 4 H 1,
30811 M HIE FAEW SRR, ol WA
WA 3 NMERIER PTG WL ER K, 7E4EY
AR, RS HILHEE] T 10 582 14,
M5 HFZRE GO 2 HALA 29 4>, Al WAEHAS
AR RS, R EA IR EEN
AT, A RS 282 g A AR R R Y
=4z

T FOIRE R EH RN 932 AT, A
A48 N EAEA WA E MR R, HAb 484 A~
P A 200 i v R . LA S A4 A7 1) B 1
R FA P i Z, Hh 414 AN EA,

HPE K FE2:2: 3290 sponsored by China Society of Fisheries



MR, & IKPA 4R, 2023, 47(3): 039106

-z
ok

190 ¢
180 +
170 + 167

160 + 158
150 +
140 +
130 +
120 H
110 H 102 108
100 H N

90 H B
80 H 77 78 77
70 H | € 68
60 H 59 59 56 58
50 H 46 A
30 2

o | 23 H 1918 2 8
13 12 11

o )] L 2 sl

o ALl LA AL A AL A A AL T 2 AL,
7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39

KEGG T #4t
KEGG subsystem

7 RIMERELRRE KEGG FRZEHHNHH
LSRR, 2. HAB RSB =AM G R, 3 08AE, 4. BoKAEARE, 5. QM RR, 6. difEMRSIET:, 7. WIIE3), 8. 4t
%, 9. MR AL, 10.KE, 1L MLAL, 12, A WAMARMER, 13 WOWARZ, 14 feRARW, 15 FBER, 16 R4, 17. 5.
I RABEME, 18. RRRG, 19. HRBREM G RACH, 20, RBEHR, 21, REERSGE, 22 46540, 23. JRBAH, 24. JBARIE, 25 4K 7
AR RMARU, 26, HABZIERACH, 27, BERRIRE AR ED MRS, 28. ARG, 29. MEARMERM, 30. HEMAH, 31 AEW RS,
32. BHIFIMEE, 33 MWRS, 34.E55HT, 5. 650 TE5MEAEM, 36. TNF KK, 37. %3, 38. #1%, 39. 8o, 40. 57
T A W B g AN AR

122

|.—-
W

AR A IR A
no. of metabolic protein
Nt

53

Heo

Fig. 7 Distribution of metabolic proteins in KEGG subsystems

l.amino acid metabolism, 2. biosynthesis of other secondary metabolites, 3. cancers, 4. carbohydrate metabolism, 5. cardiovascular diseases, 6. cell
growth and death, 7. cell motility, 8. cellular community, 9. circulatory system, 10. development. 11. digestive system, 12. endocrine and metabolic dis-
eases, 13. endocrine system, 14. energy metabolism, 15. environmental adaptation, 16. excretory system, 17. folding, sorting and degradation, 18. global
and overview maps, 19. glycan biosynthesis and metabolism. 20. immune diseases, 21. immune system, 22. infectious diseases, 23. lipid metabolism, 24.
membrane transport, 25. metabolism of cofactors and vitamins, 26. metabolism of other amino acids, 27. metabolism of terpenoids and polyketides, 28.
nervous system, 29. neurodegenerative diseases, 30. nucleotide metabolism, 31. overview, 32. replication and repair, 33. sensory system, 34. signal trans-
duction, 35. signaling molecules and interaction, 36. TNF family, 37. transcription, 38. translation, 39. transport and catabolism, 40. xenobiotics biode-

gradation and metabolism.
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Ji—M R GDP 45 & ARG IE A . FFrhAe gl
-8 1 BEAE M 5>+ D) Re4s b Rab S5 12 A
P EDIAE . HARYE Meng 555 AUBESE, Rab
EAZ 52 EEAY AR, SRR
ol A2 FEfEH A, Rab6 AR
WL, P81 EA AR A E/EH . Rab7
VER AN AR R DG IR 7, E 2 i
il A DX 2 1 A 0 LA ST

FEV 20 e AV T, RIS RS Y rh AR g8
RN LA A TR s B T ACP, RIERR R
Bal . & —F) TR TR KWK, G
% AT W IR B IR K A, O ELAE &R 408 3R o 1) T
b W K B i 1 e e R 2 T AR A QA
KEH. ACP M F 2 ENIESN YA HHL Lk
LR 2NN g e e N U S 1 i 1
FELRAR N ACP 1R il B 5 A Ak (bt B A %
FYIREE . X 50N, BRI EA
KEENMAEMME L, HIGFR 540 &
TETH S RS,

MK 75 60 (heat shock protein 60,
HSP60) EHIR T R — I, FEAE R
FIBEN R Z RN IEF T & FREE, P& Ak
& B RTES B2 5 . 7 Hong 461 B9AF9E & 3K,
HSPOOfE Jy Gl (I BUAE IR s, 25 T4
PAE AR IESTS, xEAEM TR N,
155 S e A ) AR - B 1 AR N 5 e i ST 40
PR 5
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535 8 1 (Cnx)P" & H RTAFSE Hh s IR A
FESMWEEOMPEEER, EERARSRTHER
L REET B S, A TR AR IREE T & DL R
FIES izt . Cnx REEM WK, HKRY
A 100 Flopr AR &M Cx FER RN ZE A . 24
HEY Cnx 7B, S9O7 BVEE iz 31 5 R A
I 55 AR 8 T AR -2 1 AR T 286 1) I 4 L £
ghER—F,

e AR G A2 1 LA DO 4% 1% IV 4
PR kB, A TR T E R KREZ A
WHAE 1. 2 SCHRAEE, AR H L40 B 58
Wi 60S R ZHAE , HMEHAE N S27 2 58
BEIR 408 /N FEAOTE 1P, KRG Wang 2557 1 5¢
R, 2 EZ R RG & O e A s U Rz
Kk, (il HE A2 F - A AR (ubiquitin-
proteasome pathway, UPP), [RlBf #Z A 125
BREAR A%, HEZ R0 7m0 116, K
KB TR 1 SRR 45 G305, X4
JfL B T A R AR

R, S5 ERINEAA
122 4~, fl4n CAT, MIF, GOT f1 GPT %, HTi
KT MIF 8 H B SCEUAR B S 2 A 2 5 e Rtk
GuE™, e bi R AE T IESE GOT Ml GPT Sy /K A= 3y
YA 2 RS EN, S 5KA A AR
o A B, GOT H1 GPT 3% M S e K 4k
YR F SRR SR . Iz TS 5
PERYE AT 158 4, BN Secl3 %, = 5HpEn
EMEEA 78 4, #lan HSC70 %, HSC70 Jy#4
Ry E, HEA 52 E A M 455
I RE J7 o LiZE " HE 2016 4F % 18 19 SC ik b i 52
HSC70 # 1S 5 BB I e 5 . BRILZ
Hh, Rz h S 5Em I E A 80 1.
fil4n Cre. Src. Sod S Hizkid .

(4 7 B A U 52 Fr sl A B Al 25 )
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Construction of metabolic protein-protein interaction network of
Eriocheir sinensis and molecular function, subcellular
location and pathway analysis

YANG Jiarui, HAO Tong’, LIQianyi, SUN Jinsheng"
(Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences,
Tianjin Normal University, Tianjin 300387, China)

Abstract: Various diseases caused by metabolic abnormalities have caused great losses to the breeding industry of
Eriocheir sinensis. Therefore, the study of the metabolic system of E. sinensis is very important for its healthy
growth and development. However, there is still a lack of systematic analysis and research on the metabolic pro-
cess of E. sinensis. , and this study aims to construct a systematic tool for the study on metabolic process of E. sin-
ensis. Firstly, the proteins with unknown molecular functions were annotated based on the protein-protein interac-
tion network (PIN) by annotating adjacent nodes. Secondly, based on the global network, the metabolic PIN of E.
sinensis was constructed by extracting metabolism related proteins and their interaction relationships from the
global network according to the GO annotation. The GO terms were organized in a hierarchical structure, among
which, the highest level of metabolic system is annotated as GO: 0008152 (metabolic process). All the proteins
that can be back traced to GO: 0008152 through the hierarchical structure were considered as metabolism related
proteins. Then, the metabolism related proteins and their interaction relationships were extracted from the global
network, which formed the metabolic PIN. Subsequently, the proteins in the network were annotated according to
their molecular function and cellular component. Furthermore, the pathway distribution of the proteins in the meta-
bolic PIN was analyzed according to the KEGG annotation of unigenes. The molecular functions of 932 proteins
were determined, accounting for 97% of all unknown functional proteins in the network. The extracted metabolic
PIN contains 2 045 proteins and 15 927 interactions. According to the molecular function and cellular component
annotations, the functions and subcellular locations of the proteins in the network were further analyzed. 94.2%
(1 926/2 045) of the proteins in the network had subcellular location information, and most of them were distrib-
uted in membranous organelles. 96.1% of the proteins (1 966/2 045) have molecular function information, and
most of them have catalytic and binding activities. Analysis on the distribution of proteins in 40 subsystems
showed that more proteins were involved in translation and amino acid metabolism, and some of them were
involved in immune and transport processes. In this study, the metabolic PIN of E. sinensis was constructed for the
first time, and the molecular function, subcellular location and pathway of the proteins were analyzed, which
provided data basis for further study of metabolic activities and metabolism related proteins in E. sinensis. The res-
ults of this study can provide important data for the study of the function and location of metabolic proteins in F.
sinensis.
Key words: Eriocheir sinensis; metabolic protein-protein interaction network; molecular function; subcellular loc-
alization; metabolism
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