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Progress in the Study of Anticoagulant Substances from Ticks

Zhang Xin', Lii Shihong?, Wang Jihong'*
('School of Sciences, Liaoning Normal University, Dalian 116029, China;
Department of Digestive Internal Medicine, the Second Affiliated Hospital of Mudanjiang Medical University, Mudanjiang 157009, China)

Abstract Ticks are common hematophagous ectoparasites, which can transmit a broad array of pathogens
between human and animals. In order to suck the blood of parasitifer, ticks can secrete various anticoagulants
from the salivary gland after a long period of evolution. Many anticoagulative substances has been found, such as
inhibitors of thrombin, tissue factor, coagulation factor X (FX), kallikrein-kinin system and platelet aggregation.
These anticoagulative substances will work cooperatively and prevent blood clotting where the injury happened.
This review summarized the progress in the studies of the anticoagulant substances from ticks, and would be
valuable for novel antithrombotic drugs development.
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platelet adhesion
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Both the extrinsic and intrinsic pathways converge at FX. Prothrombin is cleaved to thromin by FXa, and the thromin cleaves fibrinogen to fibrin. %

indicates sites of inhibiton by anticoagulant substances from ticks.
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Fig.1 The blood coagulation cascade and the target for tick anticoagulant substance
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FMadanin 2 A4S 75 5 % I BTG PEAL s 48 4, RS54
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Aoy, FHAR IS5 RT3 T 9 5
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RO AR RS A 3118 o 1 P Ao i B <10 s o
PEEE M2 5 AMEE B R AR E T — R 5 BB FX
P NS XK R BEJR(FX activated, FXa), ZEM1E
FH T oL g i, ol v i 0 )5 A0S R L . PR T

FXath Tk I kA7 3[Rl A2 () A2 46 67 &, KX FXa
TR A 9 — B2 BT OGEN,

H "B 78 B 3 1 i FXadl i) 71 A b8 Bt ik
(tick anti-coagulant peptide, TAP). M-E FH%iZ
(Ornithodoros moubata)™h 73 25 % 5 HI TAP /& — F X%
FXa B A 5 FE e £ 1 40 ) 5700, A T AL ) 5 e 1t
fifg 4171 41 7] Ornithodorin A1 Savignin ) AH B4, [ £ f&N-
Uiy 24 55 R Wk i SFXalf i YA U 45 &, C-um | 5
H BB 745 G540 exositedti 7, HHFFRIL, 7E5% I
Bl % B W8 (Ornithodoros savignyi)® W AFLEAE H 77 1
FALPIFXad P 502, tesh, #HFIE R T —Fh 5
TAPE A5 FH 8L 25 #4 i) kunitz- T &5 (A B #0011 75, B4
Ji% &5 11 ¥ 41 1] 55 (bovine pancreatic trypsin inhibitor,
BPTI). X Ffkunitz-1 25 [ i 400 1) 751 7] LAAG 200 3 417
1]k 1L ol 5 22 2 IR R T g ) P

AN, B 703 1E B R W8 (Ixodes scapularis)i)
e Y AR A B 23 85 HY T Salp9. Salpl4. Salp9Pac
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DA 3 R BR 45 52 56 R B, I 4iSalp 141K Hi A 5
SRR HAE )G, Salp14PTakiG 4 T & T 87%!;
T4 Salp14 K FAH K 1 55 & [FIEYIUTER J5, FXal)
WS RIS, I HJE R (L scapularis) ) % HL
TEVIR G A 5 R B8 7 50%~70%. 1% B8 51206 25 3L
#O 1B T Salp147E 5t st it £ i A% h b A H 2R
U1,

158 R (L scapularis) MR RAREEE) T, B T

R R SR80 ch )RR I BEHNH I (IR 1ES 2 STk 8112250

Table 1 Thrombin inhibitors from soft ticks and hard ticks (modified from reference [8])

Ly (RO I 4rF Hi(kDa)
Species Target Kinetic mechanism (Ki) Mr (kDa)
Soft ticks O. moubata Thrombin ST, C (Ki-low pmol/L) 12

O. savignyi Thrombin ST, C (Ki-5 pmol/L) 12

1. holocyclus Thrombin ND ND

1. ricinus Thrombin ND 7

A. americanum Thrombin ST, C (Ki-73 pmol/L) 12

A. variegatum Thrombin NC ~3 770
Hard ticks B. microplus Thrombin ND ND

B. microplus Thrombin Not ST (ND) 60

H. dromedarii Thrombin NC (Ki-11.7 pmol/L) 32

H. dromedarii Thrombin C (Ki-211 nmol/L) 15

H. longicornis Thrombin ND ND

ND: ARHE; ST: e B IS8 G C: SEFEINH], UC: RIEFPEIH; NC: e VENERH o

ND: not determined; ST: slow-tight; C: competitive; UC: uncompetitive; NC: non-competitive.
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P AE R R (V) JE SRAE (L. scapularis) RV H 3
IMEE 28O, Moubata). % [CEEZR18(O. Savignyi)Zs
2 g o %) e A I B B ) h A IR Apyrases
A LK ATPHIADP, AT A 58 4R (1 /NS i, Bl
1E B BT R SIS IR BE, B S A b R 4y B Y
Apyrases 1] DS di 42 L JLR /b — 2, IX—4h
ks R R el oy o 1P e S 1 &1 D2 RN 74
) 0] 15 B BN 770 52 A 45 A R ] L NS A .
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BRI

F5 ML/ 1k, & T RGD(Arg-Gly-Asp) /¥ 4]
() £ 4 1 R 5 I /N AR T R B2 2R alTbp3 4G & 4
B/ S AR, XM R — P R . B R
B, AR MR 25 (0. Moubata)™ [f)Disagregin. 4% 53
(D, variabilis)¥ ff]variabilin, 5% [K £ 2 #5(O.
savignyi)H [flsavignygrin}y) & A RGD 7 41, ‘B A1HE
EAERGDJT F1] 5 30 ) I /N 3R 1] 1 4 5 2K ol Tbp3
ghG, MR SE AN MR S A 4 B R 45 A,
T A /AR PR SR B R )2, AR 2RI,
Antricola delacruzifi P18 2 (1) W i ¥ savigny grin
HHE AR TFO. Savignyitisavignygrinfp] 7 512, 1X Fh
A[Flsavignygrin U ok B PTEE R o

B2 FIBAEL ScapularisF1A. americanumiX2Fj
W R ORI T 2 AR SR AR R, 43 i & PGI2 AN
PGD2(#) J& T 51 71| it Zprostacyclin). X 275 1 1] 7]

&2 4R g/ R R EIIHITIARIES 5 3CHk8]1220)

Table 2 Platelet aggregation inhibitors from ticks (modified from reference [8])

Wb D% eI 5 1B B 5y (kDa)

Species Compound Target Stage Mr (kDa)

O. moubata Apyrase ADP PrAl ND
Moubatin Collagen receptor PtAI 17
TAI Collagen receptor PrAl 15
Disagregin Integrin alIbp3 PAgl 6

O. savignyi Apyrase ADP PtAI 67
Savignygrin Integrin alIbp3 PAgl 7

D. variabilis Moubatin Integrin alIbp3 PtAIl 5

1. scapularis PGI2 PGI2-receptor PrAl ND

A. americanum PGD2 PGI2/D2-receptor PrAl ND

PrAL (/MBS T8 775 PAL BN J5 305 770, PAgL: ML /IMER SR J5 #1177 ND: R HE .«

PrAl: pre-activation inhibition; PtAl: post-activation inhibition; PAgl: post-aggregation inhibition; ND: not determined.
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Bk R0 TEXAN I FEH, Prekallikreinff 7K fif
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