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Development of Thrombus Inhibitor LERNSTY Targeted at Collagen
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(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300350, China)

Abstract: A thrombus inhibitor LERNSTY was designed based on the optimization of LWWNSY'Y by replacing the
hydrophobic amino acid residue W with charged amino acid residues. LERNSTY was found to have good solubility. It
could effectively bind with collagen with a Ky of (1.647+0.303) umol/L. An effective half inhibitory concentration
(ICso) of (2.73+0.48) pg/mL was obtained, which was better than that of LWWNSYY. Therefore, an effective throm-

bus inhibitor LERNSTY was obtained through the introduction of charged amino acid residues, which would facilitate
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the development of curative antithrombotic drugs with fewer side effects.
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Fig.2 Docked conformation of inhibitors on collagen
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AH, BEHZ BN HUK A EAERIRSE. P& E)R,
F i L 5 | R KA L SEAE R D, TE e e 2 A
Y1, RO EES. T LWWNSYY 183 (107 & th& ok
PIA, EPUEILE Ry B B i /K 25 e R R 2 AR
Irds A (WA 3).

x1 MEANEREEELESHANFEH

Tab.l Thermodynamic binding constants for inhibitors on collagen

BBl K¢/ (umol - L™) AG/ (k] * mol™) AH/ (k] + mol™) TAS/ (kJ + mol™)
LERNSTY 1.647 £ 0.303 -31.301 £1.209 6.489 £ 0.226 37.790 + 1.188
LWWNSYY — — — —
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Fig.3 Thermodynamic characterization of the binding of
inhibitors on collagen

LWWNSYY Hl8 8 A py/EH g7 Bk, S8
LWWNSYY WA MR E 1Cso hy (3.40 +
0.28) pg/mL, &=F LERNSTY 9 (2.73 + 0.48) pg/mL,
K] LERNSTY HAHLFAMEIRCR. XT o3k
W1, LWWNSYY FIR s 25 SR o, (A2
TRV 22 | A3l 22 55 IR DR S SCHOR B SR 4 14k TG

DS R E ARG A, R T A A i /R
TERS A TGRS B A RCE IR L. @
WEI A LA, LERNSTY £ 8 51 i A 2k Fi43
O, BEASZE A T I 88 11 ) 22 IR R B vy, DAL
LI BARA 1Cso, 78 I 25 b i 41 il ORI
T LWWNSYY.

100
§
£ sof
=
ok v LERNSTY
= LWWNSYY
0 20 40

JRE S/ (ug - mL™)

4 AT X /AR AR R B B 3D I R B T R R
(424
Fig.4 Dose-responded inhibition ratio of inhibitors on
the platelet adhesion to collagen
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Fig.5 Diagram of inhibition on collagen-induced platelet
adhesion by various inhibitors

3 4 iF

3 3 B SR UV E LS AT, 5 I A L SE A 471
ER, MJEEH AL M A7 LERNSTY , H R AFHIKi%E
PEg R AR HE. LT LWWNSYY,
LERNSTY fefi i # i A A Ve FL A0k 5 e I 2
FINEES , Hff s w80 Ko/ 1.647 pmol/L. 1Mi/Mi
FHFHI 5236 2 W], LERNSTY X IfiL/) VAR 285 B g 417
TR (ICs0) AHEL T LWWNSYY #2755 19.71% , 3l
ROR . I, AR SCIETF 256000 L 45 A E R4
T, $E A 1o R P XGE 178 D o A 410 1 3R 007 i
T, TR KT R R R B g el LA A
REFSLAMHIRCR, A FiAeHi LERNSTY,
SRy IR AU 0 2 B S A



2018 4F 4 A 1S

WS - ] T B A AR PRI 55 LERNSTY &

© 405 -

SE k-

(1]

[2]

[3]

(4]

[5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

Makris M, Calizzani G, Fischer K, et al. EUHASS:
The European haemophilia safety surveillance system [J].
Thrombosis Research, 2011, 127(S2) . 22-25.

Stoll G, Kleinschnitz C, Nieswandt B. Molecular
mechanisms of thrombus formation in ischemic stroke:
Novel insights and targets for treatment[J]. Blood,
2008, 112(9): 3555-3562.

Furie B,
formation[J]. New England Journal of Medicine ,
2008, 359(9): 938-949.

Liu J. Research and development of biotechnology and

Furie B C. Mechanisms of thrombus

drugs[J]. Journal of University of Science & Technology
of China, 2008, 38(8): 905-908.

Stegner D, Nieswandt B. Platelet receptor signaling in
thrombus formation[J]. J Mol Med(Berl) , 2011,
89(2): 109-121.

Welsh R C, Roe M T, Steg P G, et al. A critical re-
appraisal of aspirin for secondary prevention in patients
with ischemic heart disease[J]. American Heart
Journal, 2016, 181: 92-100.

Zhang L, Sun Y. Biomimetic design of platelet adhesion
block
interactions: I. Construction of an affinity binding model
[J]. Langmuir, 2014, 30(16): 4725-4733.

Zhang L, Zhang C, Sun Y. Biomimetic design of

inhibitors  to integrin  alpha2betal-collagen

platelet adhesion inhibitors to block integrin alpha2betal-
collagen interactions: II. Inhibitor library, screening,
and experimental validation[J]. Langmuir, 2014,
30(16) : 4734-4742.

Zhang Chao, Zhang Lin,

Development of antithrombotic nanoconjugate blocking

Zhang Youcai, et al
integrin alpha2betal-collagen interactions[J]. Sci Rep,
2016, 6: 26292.

Lipinski C A. Drug-like properties and the causes of poor
permeability[J]. Journal of
Pharmacological & Toxicological Methods , 2000 ,
44(1) . 235-249.

Serajuddin A T. Salt formation to improve drug solubility
[J]. Advanced Drug Delivery Reviews, 2007, 59(7) :
603-616.

Loftsson T. Aqueous solubility and true solutions[J].
Pharmazie, 2010, 65(6) : 404-407.

AR, FERA, KERE, &5 R R R
SERMAORKLT]. KHRA2AR, 2004, 37(1) ¢ 15-

solubility and poor

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

18.

Deng Liandong, Dong Anjie, Zhang Yueting, et al.
Paclitaxel-loaded amphiphilic
cles[J] Journal of Tianjin University, 2004, 37(1) .
15-18 (in Chinese) .

Deglau TE, Maul TM, VillanuevaF S, etal. In vivo

copolymer nanoparti-

PEG modification of vascular surfaces for targeted
delivery[J]. J Vasc Surg, 2012, 55(4): 1087-1095.
skOBE, AN W MARZOKINENR mSk-BAD-L Y
R PERERTSE [T]. KHR A AR5 TR
HARM, 2017, 50(5): 477-482.

Zhang Lin, Sun Na. Design and characerization of
antithrombotic nanoconjugate—m5k-BAD-L[J] Journal
of Tianjin University: Science and Technology, 2017,
50(5) : 477-482 (in Chinese) .

Emsley J, Knight C G, Farndale R W, et al. Structural
basis of collagen recognition by integrin a2B1[J]. Cell,
2000, 101(1): 47-56.

Calderwood D A, Tuckwell D S, Eble J, et al. The
integrin alphal A-domain is a ligand binding site for
collagens and laminin[J]. Journal of Biological
Chemistry, 1997, 272(19): 12311-12317.

Jung S M, Moroi M. Platelets interact with soluble and
insoluble collagens through characteristically different
reactions [J]. Journal of Biological Chemistry, 1998,
273(24) : 14827-14837.

Cruz M A, Chen J, Whitelock J L, et al. The platelet
glycoprotein Ib-von Willebrand factor interaction
activates the collagen receptor alphaZbetal to bind
collagen: Activation-dependent conformational change
of the alpha2-1 domain[J]. Blood, 2005, 105(5) :
1986-1991.

Ivaska J, Kapyla J, Pentikainen O, et al. A peptide
inhibiting the collagen binding function of integrin 2I
domain[J]. Journal of Biological Chemistry, 1999,
274(6) : 3513-3521.

Miller M W, Basra S, Kulp D W, et al. Small-
molecule inhibitors of integrin alpha2betal that prevent
pathological thrombus formation via an allosteric
mechanism[J]. Proc Natl Acad Sci, 2009, 106(3) :
719-724.

Trott O, Olson A J. AutoDock Vina: Improving the
speed and accuracy of docking with a new scoring
function , efficient optimization, and multithreading
[J]. Journal of Computational Chemistry , 2010,
31(2): 455-461.

(RS, W %)



