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ABSTRACT: Thrombus-related diseases are cardiovascular diseases with extremely high mortality worldwide.
Although existing traditional antithrombotic drugs in clinical practice can effectively inhibit thrombus progression,

they are generally associated with problems such as high bleeding risk and numerous adverse reactions, which limit
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their safe application. Therefore, there is an urgent need to develop new treatment strategies with better efficacy and
higher safety. Antithrombotic active peptides have obvious advantages over traditional chemical drugs due to their
wide range of sources, low molecular weight, low immunogenicity and multi-target synergistic effects, thus
demonstrating prominent industrialization potential. This paper summarized and organized the research progress of
antithrombotic active peptides derived from animals, plants, marine organisms and microorganisms, and clarified the
material and structural basis for their anticoagulant function. Meanwhile, it summarized the optimization methods of
enzymatic hydrolysis, microbial fermentation, chemical synthesis and bioinformatics-assisted screening in peptide
preparation, as well as the efficient application of uitrafiltration and liquid chromatography-mass spectrometry in the
separation, purification and sequence identification of active peptides. Studies on the mechanism of action indicate
that antithrombotic active peptides can inhibit thrombosis through multiple pathways, mainly by means of active site
competitive inhibition, Exosite targeted regulation and blocking of the coagulation factor cascade reaction. However,
there are still key bottlenecks in the clinical transformation of antithrombotic active peptides, including insufficient in
vivo metabolic stability, high industrial production costs and inadequate analysis of the multi-target synergistic
mechanism. Based on the above research results, future studies shall focus on the design of targeted peptide drugs, the
development of strategies to improve metabolic stability, and the innovation of large-scale production technologies,

so as to provide theoretical support for breaking through existing clinical difficulties and developing high-efficiency

and low-toxicity antithrombotic drugs.

KEY WORDS: antithrombotic active peptides; anticoagulation; preparation technologies
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Z1(World Health Organization, WHO)RISGLTT, (O MLE B 0R
BAETTIE LT 1790 7 AFET, HARIKETET- AR 31%
[https://www.who.int/en/news-room/fact-sheets/detail/cardiov
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AEEARTE L. FomBTiike2syy, Wee Dok, ek
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O KT AR IEHT MR AR i 2058, i TU 21058 3ok
BB B A NFL &R a4 15 28— F 2 ik
(ENLPEKADRD), 2 ik HA RSN G . NASRI 2512

A B8 6 B K A P 0 i 4 D A i o v v 9 A=
Y% HER(LCR,. HCP., CLCR. LCRR), QIAO Z:!3hg ik
JRER P 3 IR DU TR AR AR R 0 T 3 Ml & B

Fz 1 TEBRIFEHRMZRK
Table 1 Antithrombotic peptides from different sources

He A TP 41 27 30k

_ ENLPEKADRD [10]
FLYEA

LRPVAAELY [11]
LN LCR, HCP. CLCR [12]
5 0l ELEDSLDSER [13]
R B, s
i a1 7 FGN [18]
PIe TEVWDSNEQE, NDQGQSVFDEELS [19]
TELE SWAQL. GNHEAGE, CFNEYE [20]
PN FFPDIPKIK. FPD [21]
R NMEKGSSSVVSSRM [22]
LTS SQL [23]
EpyiLe SLVDAIGMGP. AGFAGDDAPR [24]

13 B L), FOR B RAS [R] LA o a vk A e,

[FA, %5 ELATPL AR 16 14 1Y B (ELEDSLDSER) 1) 24 SE iR
GG R RAREAE ST T I NGRS . W52 8 1
AR ik B IR (LSKEEIEEAKEV ) AJ ZE 4 A I 37 58 1L B 7], %o
HE ML B AT 35 A A VE A . LSKEEIEEAKEV 55 I B 3
M7, FAT JARIKE 3 AR P AR AEN

2 HumAgsE MR &

UM E M IRB B & 75 0%

FIRTHT IS AR R ] o B 2R TR L | fh2 5 hl
BRI R 3 MR UL MR R e A
BiEHEAL 25 1 BRI 2 IR, AR AR i A & — 1k
HEACAE R, A B A 15 M7 RO 45 45 2 1 B P A
S IR (U 2 IR L 2 R it 7 1P 2 5 R 7k 2 R 14
B, SRR AW RN, B LR AN R B
MZ IR B SR . B SR Or i M L, WA TE TR
AAAE N S8 B NL, BE AT S A 25 )7 W0 - A, RE
B DR B 22 KA AR i 1, S B AR R I B R TE R
T2, R R TR IR R AT A . FLRRE . Kl
B SRR E AR A QI A P A I A S A R, O 2 R
WSt A2 1K i, A2 TG-S AN DI R SE RVE IR, KR
T E AR RS IR RN 2K 120K
AR AU A SR I, SCBL TR K Y P R AT
TEG TR S A AL RO BRI RAFET 2, (24
PAGRAP L SR W 5 72 A 45 6 S L A R, AT E 1) 4 A R

2.1

T LR S0 E P R P BB AL 1 45, i ETEE 95%
PLERP B R AR S AR R R, Y R
PRGN T 2 ki 4, &) ExPASy-PeptideCutter
T H SR AU B VIR, I8 A 40— X 428 000 35 1 A7
A KRR SR & FAICO Y O AR T AR ST SR
JRIBR, MRFE A 1 5T R R BEA TR R, RR SRR AT
K RAR, SR R B4 0 e 5 & BRI T e R i
o BITHEHUEIEEYI A 32 B 7 & 18 B0 R s u el
HIBRT, DAL A G iR I TE, A RECRIE T 15 25 S A v
b ST AR

R A 7 DR L e 2l e A S RO E R ST A E R T
B A TR i ) AR R (AN AR O . B AR )
5B (EH. B . BKH), S8 E bR B8 2 B
o BT, IO AR R 0 A (R4 TR KA K g
Y B, AE AR TR DR . ST E . Ok
K AT D, 40, ZHANGRO5E o o 107 1 2 AL i
PERR B XA R KRS, 76 pH 8.5, WRREE N
5000 [U/g. 50 °C/Kf# 2 ho TESLARALZEMET, LA 50 mg/mL
V1A 1T h R R SR, 6B B K A A B I T 4
F%E 86%. GERONIMO-ALONSO %32Vfdi FiY 15 7 [ i -
it R - DRI S T R G ) B R MR A
TIHsfR, & - R R 40 g/ke, BES
JEWIEER 1:10, RN 37 °C, Mo B & FEHE AR pH
2, JBEEEVEIN pH 4 7.5, i 45 min g1 B & A TK
fift, J& 45 min ti BRI, DRI R OG- XK I R 45 1 el
PR AR KA, IR 40 g/kg, BESIRAILE R
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1:10, 50 °C, pH 2y 8, S/ 45 min; Ffif5 45 pH J#4% 4 7, fin
AR EEARSE Y, LY TR 40 g/ke, SR
Fetl A 1:10, SRBELERFLE 50 °C. PIRN T 22 487 LE Y Ik BE
Hof 1L /DN B8 B MR 3R 88.5%~95.4% . T vk YA
TR A 7w b, (BAFfERMR W E 2%
H AR IR B AR R A 5 R A

R P ol A 0 i e 6 A 0 T e O Y e ) 327 B4 W
7R A S T R [ 5 T, Lo 5 e T Xk 4%
TR B BT, WA KBS A T A m KA S MR e
Pyl Ta), I HHA A B A Y S R K 5 T4l Ak S
334 B W e T R R B A A e R o 0 1) 2 G
KRR W), ML AR Sk 0 R AR L
PEREZ-ESCALANTE 25U IR ll % e 7L Hh 43 B i A
(Lactobacillus casei Shirota) il £ (& FL AT 1 (Lactobacillus
Jjohnsonii LAT), F| FHI A B R EA T 2% B SE B0 0 52 7=
)R I AT ) A B 31.67%+2.35% . WADA Z5:BCIL AFL
FEANEY, A KSR @S A &7 KR E S
B, AR FLIE A s R, e R Kt R h A
SRR I, XRE R AR AR (T PR AR IR BE . LA,
550 BT £ HH RO S A L, TR AT S TR A DA
A, PR el A ) IR B T e -5 WK A R R A A IR
B A,

b2 B B S T E 60 90 6 P K A il 4%, B AT
A LA BB 22 1 0 A s P R A A BT A
B ARAE B0 51 K £ P R IS MRS Bt D 3, dniis D
J§ KNAENELGEVTVR k& L4 A 99.21%0, A4
BURARS IR WAL (4 50 175 0 1% 07 vk L REAS ViR = M 45
TEAFAE S BURAR T B P= P ab AT 2R S5 ), 1 HL Y% H bR
KB BRI 20 NEIERRIS, A RECRERI TR, KA
il FAR A S A A B R A AR AS A, RIS

EAESR, AEWE B EE R B 5INPT BT % 2
HET BB . 1853 ExPASy-PeptideCutter . PR B4 .
PeptideRanker #1453 & 25 &4 F X W0 T6 R AR B, P LA S
YR R BB CHENG 251053 FHZ058 wé D 0 Lk
AR A HP O S 5 0 o S T RO o B SR R Z KA, O
i 3 S B AR SMI TGP . OUYANG 2813l 1o X6 47
SETE R FAIRSE 1R S5 P A Sh A ) 2R 1 05 e 9 01 T 0L
E K, WP ML A A hREfE, LL FXIa
N EbR, % B RETTEEIK . PR RIBTEERK PRNIF I
GNDRCL, H: 2 % # il ¥ B (half maximal inhibitory
concentration, ICso)%3 %24 0.67 mmol/L F1 1.52 mmol/L, 3t
TESNGIE T AT HEEG . SONG 2T seq2seq
JEIR T & T 85 115 DE 0 2% (IDProMat) B #H 25 o 8 A 70 i
FHZBAIE T T — R AR (LRWNSYY), il %4 . MD #i

FSEI G UE T H 5 R S5 A A 45 B Al it /)N b B 1 1
Mo G ZREYE B A HOR AT R A 4 s, BT
YERA I 32 BT 2 11 B A 5 dhe Py o e e, S AR 43
LR B 3 1 S 50 30 UEAE 1E
22 HMiEEMRMSBANSEE

AT AT IR 5 1 O ) A 7 0 B R I R A O3 A
%, T KM 2RI B RSFEAUA R 2. W10 —
JROR BB RS RS0y T 25 Sl AT, 2B E
ST TURE BRI 2 bR S h i 208, I -0k
VTR e . {fi ] 3 kDa BRI BTG 1Y b Bk
Trus, FAFMIRNZRR, U SME I & 53 B st w5 Fh 22 ik
TEBE MR SN P IR e v A DA R 3 ) s A 1 B 2510
PO TE P o B 8 63i% ¥ (gel filtration chromatography,
GFC)id id 73 5 ROF HEBH AN, AT A 251X 73 731 AH I 69
K B o Wiz A R SF HE BH i 7k (size  exclusion
chromatography, SEC)X #i= 8 F1K AR EA T 70 B, KK A
WIHERE G i S EAE, Sl SEC 73 A5 2R [ 2
53, PP ORR 12 A6 DU % 2 43 R B I A v, DT 7 2 ¢+ H
AR TE MR 3 o %5 RS 735 R/ NR K Ay ik
FTo3 88, A B FIRBUE R E i ka1 1), XU PG
BT EIEF GFC X R G UK AR b T ke IR T
. Sk KRG H KR Y) (soybean protein hydrolysate,
SPB)it i 3 kDa #lF 7r 71 (LT 4E 2B IEME, KB 90%H1
JORCHEE Ao s O, LR 0 9 Y S5 TR JEE (2,49 mg/mL) WA T
SPB (2.78 mg/mL). fif5, XJHBIEHR K Superdex™ 10/300
GL B b A7 PR 2R 1 B WAH (3% (fast protein liquid
chromatography, FPLC) R4t Fif 47402, el 0.05
mol/L Tris-HCI Z& i (pH 8.0), Jiidi e} 0.5 mL/min, 7£ 280
nm A0 W, WSCRE A ZH 2R TR RS DT AR 1, DA
HE PR R A2 O3 o S5 JR R TR €335 - HR I T3 725 (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)X}
T VIR o B IR T 50, IR vk ] S 3 v BT I
T RZE 3 A A RO B SR HER I . A TR G i — 3 B
AR, WG I EH8E TARBRIHE, =TT 8se
SUERYE, AT R SR B AR P B A iR A

HE B 4 e TR e AR I R R T A e 3,
CM-Sepharose FH B 22 #4% ig Xof i 1tk 22 ok 174 W% e 4k %
id 85%, DEAE-Sephacel [H & 13544 5t iE A TR MRk
B4y 8 . OH S B0 M 9 1% 1% (reversed-phase  high
performance liquid chromatogra, RP-HPLC)‘;}‘JEh Cig LEERT Y
fR R T BER, TR QI -/KOBR BE VR IBE T RE S A2 2% Ik B 1K
HE5rES, I ZHANGPOSR ] T RP-HPLC X A6 /E Bl ik ik
Froresaifk. Joffi 4 % RP-HPLC X} Alcalase 2.4 L 7K
f AL A R B RO R A W20 o e, Wk R
W VR T IS PRAS AR RICR o T — 28 X6 T e e o P9 26 20 FH 2
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% RP-HPLC #E—Balifl, (AL E BBei &4 h R 5
0.05% (V:V)= 9 L B (trifluoroacetic acid, TFA)IP) 5% (V:V)
LIEFRIE 0.05% (V:7) TFA [ 80% (V: 1) LA i shAH
FIRREEVEN, W 1.5 mL/min, KK 220 nm, didEE
BWEIAT 0T . SIS (A3 )R AR L, RP-HPLC HoA%
HE A HEE, AT SR B A A A i, S T A AR
RFR P EARBUIMAR IR 43 18 . JTAER, 8 SCH (3i- S AH
[ S G G I O - S SO 3£ 5 7 N (1o
chromatography-reversed-phase high performance liquid
chromatography, IEC-RP-HPLC)%5 £ 4k 4, 1% B F 35: AR R Wt
K, TR B RCRIETE 40%, SEERE R AR (Hi%
PR B SR B, A i, — e FEJE B BRI
FAE AR T I

T I R A AT 6 M R 1) B A0 T B R K
TRORH 3 - DU AR A RA 7 I (e ST e R e 70 B (30 min
AISERY 500 FIIK A %8 )5 i R, C RO S SRR O3 B
ML 58 o B, TU S0 OVI R A 1 o i 4 11 HEA
OK A B K Ay, P e e AR (T - DU AR AT R AT
(] BT 0 b R BRI T 55 o AR W PR B 7 47 S A
Z JIHH SRS i B B R S, ANMLRERE O B B 2 ik 4l 1
HIIRER K R AR, 16 PTRYE S E S5 R T 2 RS
B, R IR SR AT PR ST KB O A B S . BT
Gt e o M B, BURBGER A BRI R 1 . R
R 5 M B2 B3 A LRI, A gl 1 R i
JIHH AT B A T

3 HumagsE M EREIE R AL

3.1 MR LS

M AR TE e — 5 2 AR B R, 95 e 2 Fp AL A
AR R R RS, R it/ N Ak v i P
F(blood coagulation factor, FXI)#¥iG . 41l N #if55
ES QA S B (RN RV R A s N
GPIb-IX-V . GPIIb/Ila)Hbd R b TR AL, fil &I 25
AR IR B MR (R R . SR AR K o BURL(IMAE
PEMATRIE . S 4EE )R . BRI 51/ P2Y 12
ZARGEG G UR M/MREE, TE RIS /MR T AR
A, (thromboxane A,, TXA,)i# 11 % BEASHE C fE#E Ca*'
Ui, HESRIM/MRIEE S . BT ENE, Wik
16 T2 3K (W WA 1ok 22 24 1R B0 4 22 2 B RS A M, T R 58 WA
R, N FXI ZEWARIRMOCH -G, f ek vl
T AL AR 5 B R S vy B M4 o T FXT I 2 4
PR PEEE IR AR . AN EE MR R AGEAIR) . IR
1 #8545 B B 1L R F XTI (blood coagulation factor XII, FXII)
PRI JE B0, 4 L R 52 400 B R 3 fh 21 67 LA 7 S
FIATF, FXI 53X SR RIZ5 5 H0ofis, BEMs FXT A
FIX, fZIE e Mg, HARS RN : FXITa #E FXI, FXIa

exchange

5 FVllla 855X RE G, BOEEE K F X (coagulation
factor X, FX), 4= FXa. FXa 5G4LEEI AT X (activated
coagulation factor V, FVa)4h& T8 miEE Ll 2 A9, ¥
U5 0L T S A A M B I . AR B I A A v h ZH R R 2
s, AR TR R 1, AFLE T I RE 0T
JULEH MELFR N B AR, WA e T FRAZ A B A MR b o i
ERER R, AL F RIS MK FVIla 255
TEREAY, PEmEE FIX 5 FX, B fe. 48N
F-FVila E&5Y 5 FIX, 4 FIXa, FIXa f55 FVIlla
SETWRE A, WiE FX, 48 FXa. FXa 5 Fva Z5614
JILRE L S O A5, o N R L D5 Ay R O

PR 5 IR O I 3 A i 28 1) 2 (12 B E 1T T ) 7
Ao BEIMBEE A Z R A Y2, BRVD R e 4t O R s
HEFUER 1, ALREIE I/ AR Al FXT, 2 I 4 S i
TR, A S, 2828 s A SLAE AL R AT
(S X7 N RN TR R S ) A B e 37 (M 7 S D
P n)TE LR AR TE B S 08T, A AR S AR 454, B 1k
I
3.2 FumAgiEMEBKAYE M EGHDHIHL &

T A AR A U I K RN A% O 22 B PR R i,
TG VA 52 Bl BRI O M R R S R . X
IR SRR b A28 57 (histidine
57, His57) . RA MR 102 (aspartic acid 102, Asp102)FI22 4
fi% 195 (serine 195, Ser195)2H ¥ () 2 fi Ak =R ARM K, FF
Mk 4 DRERAEIRYIES & 10 42(S1-S4) S Bk B,
AN BRI AT 15 S5 A4 (Exosite T )25 S 47 425 11 5/
A 45 26 25 Bt ISR B 2 1 A AR AR 4T
ARk, ZHNRIR KA B2 IR e B AT 30 Aok o) ok 2 DG e
AR R E At IR 3T e
321 EMALEE S

FETE VAL 2 SE MM 7 T, TR DUIKYE 7 mg/mL i it
WP T R I 86.96% MM &iR, AR HIBLEIM K gtk A1E
FAFESEEPEAL A . IR RN T AR
454452, Peptide 26 (KNAENELGEVTVR)LIRSE &
GBS n=2.251)i8 2 FU5EE I 45 55 A7 s A LA
J, 1 Peptide 36 (NAESLRK)MILL 1:1 fb2F31-& HoI¥ s 55
EEAY, P EAR R 2 S B LS G, SR
Rom E M OBEOR ThOfE L & M BT om oK 1R PY
FQSEEQQQTEDELQDK i@ 1z} 49 /~& i 5 HAh AR 4 A F
R E AW, SRR 1A BAE R 1S 2 KRR S K 2
AEEME, R IEE . HAE M S SKIERAEE
F X, FrAlE5 Exosite T FIHHZR 36-K54 R 73 (lysine
36-arginine 73, Lys36-Arg73)454 )5, Rl 56 4BHITET 4k H
B S GmIE, fAEE A TC I S A AR RS A, T
T MR, T AR A A
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3.2.2 Exosite ¥2 & A4 HLH)

L Exosite T # [ 4005 5E il S M 0 58 TR IS
BRI, WA AT A IK(YQEPVLGPVR )i 1 45 412 45 F 45,
V22400 ) 8 ot A e, (R IR ST L R S R 1 i
PSR, T 4 TR IR I ) 525 s LR R AR
IR BT g 0 Ak A 5 A Al L L £ 4 2 1
TR ML A Y Exosite 13857151, MATH Bl 1 % M gt 41 4
mE R - P KM, o AR &R TS
(arginine-glycine, RG)¥§ & 2 - H & R - K & & R [7 %)
(arginine-glycine-aspartic acid sequence, RGD) ] { N 354+
P TE FESE M B TS, AR AE K B0 RG IKELFE
JEREIN, B AR LT 4 2 1 A seR !

Py W o SR 5 H BY £ K (variegin) JRE B 22 0 A5 410 4
Fetk, AniRSE R AR MR B variegin AT [A) I A I T AL AL
R Exosite I ]t RELZEE A, B BN A o7 gk RS
PRI o 1% 22 BR ) OQ B 24 R R 4% 2k 5 6 Il g A4 b =
BRARTE A, S5 D0 4%, Ay ] R 4 00 ) 500 A B e TR T
LERYIERR
3.2.3  FsdeAe B AR IR A FXT &9 4 H) ALl

i AE RIS R B0 22 A A 4 3 e K 3 e A ) 9 I 2% E
DR R SRS R . DE-FILIPPIS 200 jisf rit bR B
RO MEHTEE R (tick anticoagulant peptide, TAP)i# i 477k 4k
B IR FXa, FXa TEBE M AT FR o AL T OC8A B, © RETESE
f T D g 52 5 0 ) A D T e 5 o A i A A A B 1ML e, T
TAP XF FXa (13005 P 9k /056 xin it 190 2 ok, AT BELAS £ 4 2

P o) 2 4 2 1 0 5 A L R /N R T, o ol v [

RHEPUEEVEFH . JO S5 MR BRIt p 435 1 1) 22 Ik R 5
PEZES FIXa, ] FIXa 55 FX MM AR, FEAE FXa 7%
P, 1Cso A 42.6 pg/mL, M ELARE Ay 22 52 18 £ 11 A1 3 541
(serine protease inhibitor, SERPIN), i1 il Py 1Lk ¢ Ifi.
AR FX 1] FXa B3R IE BRI . JUNG %2
UB w3 s — Al B9 Bt 8¢ Il 2 1 (tegillarca granosa
anticoagulant protein, TGAP)REW4EF AT FVa, Wil 5E
T 45 8 TR JL R (surface plasmon resonance, SPR)% AR 4347
KIEHES Fvaghd, Wil FII S Fva AR, T4t
I PSR 2 TR, AT 00 o) 6 a2, A 35 o e
] . CHENG %5 UV pA &b i op 43 55 f0 r A HT 3 K
(peptide-3-crassostrea gigas, P-3-CG)X} £ Fl FXI A A[FIFE
BEANHIVEF, X FIXa #0168 F1483% (ICs >~ 0.71 mmol/L),
X FXTa MR AE, X FXa BE 0 EF A — & PHliEHE .
FIREE SR, KAR 2 IKAESE I 4% W 4% fE e 2 0T
VAL, HEG5 R4 AT S0 PE AT s T il e 25 W A At
AT TR . S5 LR N E LA 2 B2 Y ) R
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