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Abstract

Based on transcriptome sequencing data, the crucian carp (Carassius auratus) urokinase-type plas-
minogen activator receptor (CaCD87) was identified, and its protein structure prediction and func-
tional analysis were performed. The coding sequence of CaCD87 was obtained by gene cloning, and
its sequence characteristics, protein domains, phylogeny, protein-protein interaction network, tis-
sue expression profile, GO functional annotation, and KEGG pathway were systematically analyzed.
The results showed that the full-length cDNA of the CaCD87 gene is 812 bp, encoding 199 amino
acids. Its tertiary structure exhibits a three-leaf clover fold, containing two tandem LU domains (po-
sitions 20~108 and 110~184). Phylogenetic analysis revealed that CaCD87 is most closely related
to cyprinid fishes such as common carp and grass carp, with a homology of 91.46% to silver crucian
carp. Protein interaction network prediction indicated its interactions with PLAU, SERPINE1, PLG,
ITGB2, ITGAM, EGFR, and other proteins. Tissue expression profiling showed that CaCD87 is most
abundant in the spleen, followed by the liver and kidney. GO functional annotation demonstrated
that CaCD87 participates in biological processes including fibrinolysis regulation, coagulation reg-
ulation, and cell adhesion; is localized in cellular components such as cell surface and lipid rafts;
and possesses signal receptor binding function. KEGG pathway enrichment revealed its involve-
ment in complement and coagulation cascades, focal adhesion, and the PI3K-Akt pathway, primarily
in regulating plasminogen activation and immune cell migration. This study provides fundamental
data for the functional research of CD87 protein.
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#ll(Carassius auratus)&FR ER/KFEE M EE LG @2, (HANE M. 268, 7R %S 2 M ROEHE
TR R, hIRE O™ EAR R[] [2]. UKL M AR vk il 1, % AT )2
TET I3 B 50 e B () G e AL, SR OB G A SR IR, b T AN A b A AR S O 7T

PR ATV B TR 0TS ) 52 AR (CD87/uPAR) & —Fl T BB R 1, it C w25 i BELEE(GP & s
TEAM MR AR TE 3], iz 77 U H = 2R, CD87 Rt & S TANMRME M IR AEIUIX . 5 uPA. %
B PIERGEE (VIN) &% R K T2 R (EGFR)SE A T st &, TR INE 5 5 & k(4] Al
R MRl LI, PR U (suPAR) N A M B ILIRAEER, VB NS5 2 AR T sman i 5].
CD87 W Re I B I LI K : ——EGfETIRE, uPA 55 CDR7 4G oL ilt 4 il Ji i A N A I
PEARANARANE R R G, BRI EB R, —RESES, CD87 WMHEE¥AER. VIN,
EGFR /> T HAE, SN PI3K/Akt. FAK. JAK-STAT %55 5@k, TG . Fi%. 25 Az
BN[4]. TEMIRAEYFAI, KEFRY uPAR fEFLME . B, 45 B 2 Mo bRk 1,
H 3R IA W W 2 IR R UG 6]«

AR, #2 G y8 AH DGk IR v P ST B i 2 3 Jg « B D8I, il Dnmtl .\ ghrelin, HSP90. Caspase-
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8+ TLRs “5FEDIAHLRA e EAYIL TR AT(7]-[12]. EARERZ, EMASE[13]AERERS Hrh s 2] —
/> Ly-6/uPAR FIREF, KILEAER S PRI RIE, 1878 uPAR FURAE M8 O LA VR 8 10
THRET L AR, 8 [ 128 CD87 JEPRIVRN TAEML (Bt FEA BNk = A0 T il 707 7O BE 3R CaCD87
RIS A, AEBEWE R T AR SIRHME . AL, 5 9IkS GPL#IALA . = a5,
ARG E . A TAEMZE . SRS T il L HRRIE BT RGP, BN G SR T CaCD87
S 0 G B T R TR AL P PR D BE B E SR

2. R H*®
2.1. SR

g RO f 0 B R T SRR = A ], TSR s KRR R B 9%, ORFRE BKIR, RS IEBUCH
W7 R IR AT R A . FERFIHS: Taq PCR Master Mix 2 ZGi( 4 ). RNA #REGAF &
#5357 B FR L RNA FI 345 /il cDNA, DNA marker (5 HEAVFARGRAF]). EE B
38 PCR AXHLMAG T B EBEREL K P LUK IX DYCP-31BN (AL 5E/N—). HLUKEEIR % 2 48 SN-NJ060
(AL RS RAT) -

2.2. SEWTFE

AR I SO0 0 0 P S ] O R SRR R R A 20 AT (1], 45 NCBI ##E fE CD87 P 74835
LOC113039225), F|H Primer Premier 3K {45 T4 7 14 514 1519 CD87-F: TGTATGGGTCTGACGG,
U514 CD87-R: AACCGAGGATCCAGCATCAC, M EifgA T &

PASEIATAE cDNA AR HREEAT PCR 738, N AK %2(20 uL): 2xTaq PCR Master Mix 10 puL, | R3]
Y)(10 pmol/L) % 1 pL, cDNA #4R 2 uL, KFXZEK 6 uLo F IGFEF: 94 CHIALENE 3 min; 30 MEH(94°C
A 30, 63°CIBK 30s, 72°CLEH 2 min); 72°CELEH 10 min. PCR P22 1.0% B i e i e kR il
% AT

23. EYEEEST

25 5/ DNAMAN #4813, #)F NCBI ORF Finder T /8% EHE . @it BLASTp 34T [F V5
MR, REACERMEYFR CD87 FVEF4, ] ClustalW 347 Z FE S LT, MEGA #4457 FH AR ik ph)
RGN (Bootstrap = 1000). F| F§ SMART %4## 2 15l £ 11 D RE 45 #4358, TMHMM 2.0 Tl 5 5 h e [X
SignalP 6.0 Filill{% 5 JIk, Big-PI Predictor Tilill GPI 4 & fi7 & . K FH SOPMA il — 2% 4544, SWISS-MODEL
HEAT FVE E (R A\ uPAR, PDB ID: 1YWH), PyMOL A ¥4k . ¥ CaCD87 &R 74358 & STRING
i Pe, AN PLAUR NEMEAMWEE A BLENSEGERE > 04), HHT GO IRtEREA KEGG
PR E T
3. BRE 7
3.1. CaCD87 EE R ESFIINHT

BT Tl SR £ 5 SR ZFL N 4 J NCBI 2504 2 {5 2., 3R1580 CaCDR7 2[Rl 4x K ¢DNA J¥%1(812 bp),
it 199 NEIERR, 5102 CD87 Sk SR LS RFAE AT o HE— 25 i CaCD87 LA A B MRy St 514,
CASIFFAE cDNA AR EEAT RT-PCR 473G, S35 iRbE SR KA I, 7EZ) 430 bp AL H I — 247 (1] 1),
SR BRI —5.

BLASTP [FERELL S5 RN, 175145 2 M 251 uPAR/CD87 FRE H s BEEIVR: 4, HLayA
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fifl[¥] uPAR-like &5 17 51— EPEIA 90%LA b, 5585 A& 7 51— 8 59.30%, SFLshif(N.
SO — 28 27%~32%. FEHIHAELE ) Ly6/PLAUR 45 MR AL 3t — B 360IE 1 BT 3K 541 il CD87 %

BRI ¥ 2R 1 51

F R

Figure 1. PCR agarose gel electrophoresis and sequencing primer sequences.
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Figure 2. Multiple sequence alignment of crucian carp CD87 protein with amino acid sequences from other species
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XP 050958160.1 Labeo rohita
XP 016382025.1 Sinocyclocheilus rhinocerous
XP 051733840.1 Ctenopharyngodon idella
88 XP 079703835.1 Squalius cephalus
XP 021324603.1 Danio rerio
P35456.1 Mus musculus
100 Q03405.1 Homo sapiens
58—‘: Q05588.1 Bos taurus

sp/Q90986.1|LYSE CHICK

73

99

—_—

0.20

Figure 3. Phylogenetic tree of crucian carp CD87 protein constructed using the Neighbor-Joining (N-J) method
3.N-J £ CD87 EH RS L

3.3. CaCD87 EBRLEMFFIED

SignalP 6.0 Tl & 7R 5 19~20 A7 & 5 2 MIAETEAS SRV EINL AL, RFZEA N WEH. SMART
ST A AP BB LU 5888 25— ML T3 20~108 £, 3 MV T35 110~184 fi7, C K
Uity PO B — /MRS 4 X 38, 5704 uPAR B =A LU 45#438(D1, D2, D3)AN[F], CaCD87 L&A
SERNE, X STEAREYF R I Ly-6/uPAR B FRFIE—2, TIREN A uPAR SR M RFAE o

TMHMM 2.0 T2~ i% 8 E S A2 e X . Big-P1 Filill & BLIAE GPT ABUHAL . St s T4
176 £ 22 AR (V7 —3.46, P=2.87e-03), JiEFHNRLF. %45 R KW CaCD87 vl feidit GPI e T4
HfE b ZeTH, S FLEhY) uPAR FIRS A 2 7 K — 2

SOPMA Filill st 7~, CaCD87 [ R LA Mo F2(55.28%, 110 AMikAL), HICN g
(20.60%, 41 PM&FE) . a-I2JE(17.59%, 35 MRFF B-5641(6.53%, 13 PM&HE). ZEHH] 5 A uPAR &
AU IS 1 2] 56%, p-TT B2 20%, a-B2/iE4) 12%). SWISS-MODEL [F &4 L 41 Ly6/PLAUR 45
P8 F1(AOAGP6IX32. 1) IR, 741 —E itk 94.47%, GMQE F40 K 0.85, B TR e, =245
(D) B A [ = BORYT B, MG e RE (5] 4), Feon HER S & ThRe IR 7 .

Figure 4. Tertiary structure of CaCD87 (red: a-helix, yellow: f-sheet, green: random coil)
4. CaCD87 ZREM(LA & o 1FHE, RESINE, FELANEH)
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3.4. EREERE ST

T STRING 7 #1 &R (14 5), CD87 (PLAUR) S AN AFE M B A5 E HAE(EEE >0.85). Hr,
PLAU(PR B 7 £F 5 B SR s 0) F1 SERPINEL (£F-¥ B SR i v 4 4 il 371 - 1) 1R AR 79 08 175 (0.999), 5
CD87 /£ 4 uPA 2K 4 M ThkE 4 —8. LAk, PLG (LFAEREE, 49%0.974). SERPINB2 (PAI-2, %
2 0.938) HE: S 5 A I I s R R BE . W28 i G365 25 AL ITGB2 (44K 0.873)F1 ITGAM (7344
0.853) A KK 7324k EGFR (73 %1 0.896)LA 2 MRC2 (7045 0.853). iX L4 7 |9 - B 5 4 74E “ 1 1A 5 0% 7

“YT AR B R RS AT IV SEEg . % T CaCD87 5\ PLAUR TERHEZE K38 - A
B, fMENE CD87 FFF T BEEIT 45 & uPA FEFRREISLHAREIR R4, IRl 584 R
EGFR I EAES 5 e AL B AE 55 S .

. SRPX2

SERPINE1

- SERPINB2

Figure 5. Predicted protein-protein interaction network of CD87

& 5. Ful CD87 EHE{EMLE

B

3.5. LHARIKFHED

FF NCBI #ffz JFEh CD87 4Rk 5 CaCD87 Fiil# ik B 1 tb i o o, A CD87 78 i
i 2R R RIA(RPKM = 4.2), TAEFFAEAN S T i 3R I8 AR B . (AR R 2, HER ML E A
R L h ) A 3 AN G2 ThRE, $ROR CaCD87 TEREME. 'BHE. JHFATSSZH 4 = ek J A 2ok
R ATE B G T REAKH B2 BOFEREBT A . CD87 7 3 Bk E 40 23 o i 6 ik AR AE 7 AL L o5 1
SF, R ELLE A AE S S g R T P T e

3.6. GO ThEE S KEGG @B

GO TR T 7R (K 6), CD87 KHEARR AT ES S 5 MAEY) SRS LR BEmLiE™s
LR AT RO R AR . A T, AT AR A R A IKEEIHI R G
Vo 2L - L P AR 1 R G A AR AR T Ry SRR RORE A 5 R 2y, o S VI S 2 W SR HROR CaCD87
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AIREE GPI #iE T HMX s i G S a8k, » TR EEEETE 5244 . KEGG @
EHEMIILEET 5 4 EEBHEFEDR < 0.01), Hi “IMESEMIEL” (hsa04610) 5 EMREE T F. (E1%
HPEH, CD87 #miGf] uPAR FI4i& uPA S 54FEM IR EGE, MEBHIFIZE RSN . gk 24
HAEE F(SERPINEL. PLG. F2. PLAT %§)[AIAf /R 2R F EAEM 2% 1, KB CaCD87 W] Al i % #%
T YT 0 PN JORE B . B4, “BRAEBTT A “PI3K-Akt” S E 5 CD87 2 541 M % Bt Fi
EReE A=A iRoIL: ¥ K

Regulation of fibrinolysis 1 ‘
Regulation of blood coagulation 1 .
_ . . -log, (pvalue)
Negative regulation of blood coagulation 4 . ]
Negative regulation of fibrinolysis 4 (@) 6
o . 4
Fibrinolysis 1 O
- 2
Protein complex involved in cell adhesion 4 o
count
Peptidase inhibitor complex 4 e e 3
@ 4
Protein complex involved in cell-matrix adhesion 4 o . 5
® | X8
Cell surface .
7
Specific granule membrane 4 (&
Signaling receptor bindingr

1.0 1.5 2.0 2.5 3.0
Figure 6. Functional annotation of the CD87 gene based on Kyoto Encyclopedia of Genes and Genomes (KEGG) and Gene

Ontology (GO) databases
& 6. CD87 EE &5 KEGG 1 GO IR

4. g
4.1. CaCD87 ¥ iE 5 it L R4

AT FERE T CaCD87 BRI td /741, H R4 cDNA. St Hria n H 2 A A GPI 4
5E uPAR FIEEAFHE. 5 A uPAR MLt, CaCD87 55 K BAHIT(EE 1~19 £ vs 25 1~22 £), $EonEl
PG AR N T - 1 R EAR W AR AT B MR [3]. Z5HIRZH AR |-, CaCD87 &AW/~ LU 543
RS =A, X5 EHL I3 HRE AR Ly-6/uPAR & AL —3, TIAS R 1 2% 3K K R
()3 25 AR . T FLBh A ) uPAR HKHFEL =848 D1 25 MRS AL 5 PR A2 41 VA i R S I (uPA) AR
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KT & o H i, Ho kAT SECRM T . 2RI, SR ZHUHRE A DUEEH A LU 45
3, IS8 T RRAD S S IS AR . RV B D1 25K, (B =5 MR R rh L I e B
FREL G uPA RESIFIREORE . GPI BE AL TIN5 & 2 LU (0 A7 RO/ IMUBE R SERR, R VK
[X), %€ 7 AL CD87 Wl g A g U1 7 £ FTVA P A (suPAR) . FEMFLZNYH, suPAR FI{ENAHAL
5 = 70 TR0 S e MM, LK suPAR 7KV CRGIESE 518 M B0 . O MV 55 3 UIAR G [5] [14], 304
B ST T suPAR AR AN PEAE FE RS I T VAR it 1 S A LA

TIREE IS N uPAR AL, B R TC G LB T EE AR AN, AT S 2 Ak
Zi[4]e ZHEAEHER GMQE P73 0.85, 1 TRl BAE, S MR i) S8 BT A3t — 0 S0 RF CaCD87
FIRELLRUR A 455 uPA FERCHR. RGOSR YE Chana-Mufioz S#[15]HIRTFLE5 18— 5, ESE
uPAR TR HESIYIREA h B fRAp 1, [RS8 A 1 BRSZ A 70 3

4.2. CaCD87 fERE M B h BB IETIRE

WA HEAEMZ 3 HTHE7R T CaCD87 M ReS 52 & A . PLAU fE MO EAEEE, 2
T LT T SR () O 2 SRR AN, B uPAR 4545 5 (A M 2 T R S AT VA 5 A AT T, S B
20 L 03 5T DA B G 8 4 D 5 R ML AP B3], SERPINEN F 9 uPA MG, 75 S AE M sl 5 5 b B b
VR AR (b J 50 BE B3], HAFAER BRI RIS LA EORSF . %G F ITGB2 Ml ITGAM JE K aMB2 &
AR (Mac-1), I E#EL S uPAR EREANMEPHAE 55 S 4], M4 HBLX L84 25478 CaCD87
AREEFER S RS S HEA RIS .

KEGG BT “MASHEEMAEL” s 58w A E . ITET AR, TEM A S5 2
FAET, uPAR A IE I T LRI R G A H R A MA O [5] o B BRI /K BRI R i 1) B S AL R
PR 2 A 54T RS . RAEA B I, 2F8 RGBEARBIERAE B [ 16], MU SCREASHT 81 Tl
M. GO wHEH “Pai8” A EEEEELY, CaCD87 WAES A uPAR —FEilT GPI 45 4 T HMIX,
5 NE S 01 m AR EL 4]

UHLFRIETE T, CaCD87 EMRNE = iE S ALAIY) uPAR TEMK AL 1 0 AR iE—2U[5].
RN FEMRERE, &5 EWIRAMKEAN, &R N EE AT B IR R K
AT RE St SRR I S T RE . SR A LA BT, WIHED CaCD87 7EJENESE e 88 B s ik, il
uPA-ZFIE RIS . A RFEN LRSS E 5SS G I B JRE 4% .

4.3. CaCD87 fEfim R E PRI AR

AWFEIRATF T CaCDR7 WA K P HIASEE L., A Ja SRhui s B AL 7 36al . £ Fhrid PR
JrTH, A% NS uPAR FEIH S BRI BT 7 B (6], GBI TR AN [ R CaCD87 FE[K SNP {7
R A N TSR IEAT KB T, % S0 ) BB M O . ) MC4R JE R Cs D AR Kk
RGBT, AR Y SL et T AR S % .

TEG B WEIN J5TH, RIS 3EF QRT-PCR [ CD87 RIS A A ZR, 76 {8 B R bl e R 4KF, W
DU RSB IRES T ik B IR, i TRUE R LB AR 45 AR R RETT K BH X CaCD87 1) ELISA 5fl &,
)R] ELEASI ML3% suPAR REE, SEHLARR NI W

TE G e SRR FRE 77 T, AR SR IR R VPG - R RE . IR I Z MRS INAIX CD87 ik
MIFEM, N INREME AR I IR IR SR AL T Ha bR . bAl, /INa3- T~ ) 57 R0 355 [R] S 8 SR ek 2 e L sh v
() T R (6] A f 2 pis B Pt 707 ). RS H AT 28 CD87 M Auiib TR DI By, (R4S T 5
FLAY RV B AR, ALY O R K E DR RN T B 7 iE ] B4 R TIE4 W
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&

JEYL5 T CaCD87 #Kik K H: SERPINEL #LEE HIhRE, A 15 Tl i YRR HEAT I8 UERT 7T
. g

AW TSI e bE T CaCD87 FElM fr By, H3145 7 H 4K cDNA J74ll. 45T, CaCD87 Hf
LAY GPI # 8 B ERHIE, =R E =M RS, S5WAZY) uPAR mEMALL. ThEeE E o Bonix
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