Looking for B3 integrin family selectivity: The use
of snake venom disintegrin as a tool for molecular
modeling approach
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In the hemostasis and angiogenesis several cell adhesion molecules and
transmembrane receptors are of great importance for the functioning
those processes
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B3 Integrins family
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Aims

in silico analysis

e Structure activity relationship (SAR) of
disintegrins;

* Selective profile of disintegrins against integrins
receptors.



Disintegrins Alignment of ...

N-terminal

Plscivostatina-alfa
APDIS I
Loostatina-alfa
LY ] =
Kistrina
Saxina
EnMP IIa
Cotiarina
BjussuMP-I
Insularina
BavM2
BojumetIII
Jararacina
Batroxostatina
ScMP I
BasiTicina
CvVM2
Cereberina
Viridina
Molossina
Lachesina
Triflavina
Trimestina
Flavoridina
jerdonatina
Citotoxical
PMMP-1
Jerdonina
Flavostatina
PeVME1
Trimucrina
CcavM2
CaMP T
AlboTlatina
Atroxatina
Viridistatina
Crotatroxina-5
ChDIS T
Mojastina
Lutosina
Tergeminina
Cerastina
Barbourina
Ussuristatina-1
GhMP T
Salmosina-2
Ussuristatina-2
Halystatina
Acostatina-beta
Contortrostatina
ApMP II
ApVMZ
Piscivostatina-beta
Agkistina
Jerdonitina
Trigramina-beta
Trigramina-alpha
BJjVM II
Jarastatina
BaMP T
Ussurina
Adinbitor
Halysina
Halystatina-1
Mt-b
Salmosina
Applagina
Mt-d

Saxatilina
Halystatina-2

EVVYPRETTPLPRGAVOPK
EVVYPREITTPLPRGAVOPK
EVVYPREVIALPRGATOPK
LA SIG LGS FE
[EAGFECDCSSPE
[ETGEECDCGTPA
[EAGEECDCGAPE
[EAGEECDCGAPE
[EAGEECDCGAPE
[EAGEECDCGAPE
[EAGEECDCDAPE
[EVGEECDCGAPE
[EAGEECDCGTPG
[EAGEECDCGTPE
[EAGEECDCGSPR
AGEECDCGSPP
[EAGEECDCGSPR
[EAGEECDCGSPR
AGEECDCGSPP
[EAGTECDCGSPE
[EAGEECDCGAPP
GEECDCGSPS
GEECDCGSPS
GEECDCGSPS
[EEGEDCYCHIPP
EGEDCYCHIPP
AGEDCDCGSPS
AGEECDCGSPS
AGEECDCGSPS
AGEECDCGSPE
AGEECDCGSPE

AGEECDCGSPP
AGEECDCGSPP
AGEECDCGSPP
AGEECDCGSPP
AGEECDCGSPP
AGEECDCGSPR
AGEECDCGTPE
AGEECDCGSPE
GEECDCGSPG
[EAGFECDCGAPE
[EAGFECDCGAPE
[EAGEECDCGAPP
[EAGEDCDCGAPP
[ETGEESDFDAPA
[ETGEESDFDAPA
[ETGEESDFDAPA
I
I
I
I
I
I

TGEESDFDAPP
TGEESDFDAPP

GEDCDCGPPANCONPCCDAATCRLTPGSQCAEGLCCEQCSFMKEGTVCRI RGD JLDDYCNGISAGCPRNPS
GEDCDCGPPANCONPCCDAATCRLTPGSQCADGLCCDOCRFMKRGTICRT) RGD JLDDYCNGISAGCPRNP

AGFDCDCGSPR
AGEDCDCGSPP
AGEECDCGTPG
AGEECDCGTPG
AGEECDCGTPG
AGEECDCDSPG
AGEECDCGSPG
AGEECDCGSPG
AGEECDCGSPG
AGEECDCGSPG
AGEECDCGSPG
AGEECDCGSPE
AGVECDCGAPP
AGEECDCGAPP
AGEDCDCGAPP

PCCDAATCFLTPGSQCAEGLCCDOCKFIKAGKICRRI ﬁ VPDYRCTGOSGDCPREHFYA
PCCDAATCFLTPGAQCAEGLCCDOCKFIKAGKICRRI RGD FPDYRCTGOSGDCPREHFYA
PCCDAATCFLITPGSQCAEGLCCDOCKFIKAGKICRRI RGD IPDYRCTGOSGDCPREHFYA
PCCDAATCFLRPGAQCGEGLCCEQCFKFSRAGKICRI RGD FNDDRCTGOSADCPRYH|
PCCDAATCFLRPGAQCGEGLCCEQCFFSRAGKICRI] RGD fPDDRCTGOSADCPRYH|
PCCDAATCFLRPGAQCAEGLCCDOCKFIRAGKICRRI RGD FPDDRCTGOSSDCPRNPFHA
PCCDAATCKLRPGAQCAEGLCCDOQCRFEGAGKICRRI RGD YPDDRCTGOSADCPRNRFH|
PCCDAATCKLRPGAQCAEGLCCDOCRFEGAGKICRR RGD YPDDRCTGOSADCPRNRFH
PCCDAATCKLRPGAQCAEGLCCDOCRFEGAGKICRRI RGD YPDDRCTGOSADCPRNRFH|
PCCDAATCKLRPRAQCAEGLCCDOCRFEGAGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCFKLRPGAQCAEGLCCDOCRFEGAGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCFKLRPGAQCAEGLCCDOCRFEGAGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCKLRPGAQCAEGLCCDOQCRFEGAGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCFLRPGAQCAEGLCCDOCRFRGAGKICRRI RGI IPDDRCTGOSADCPRNRF
PCCDAATCKLRPGAQCAEGLCCDOCRFIKKGKICRRI RGD IPDDRCTGOSADCPRNR
PCCDAATCFLRPGAQCAEGLCCDOCRFIKFKGKICRRI RGD IPDDRCTGOSADCPRNH
PCCDAATCKLRPGAQCAEGLCCDOQCRFIKKGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCKLRPGAQCAEGLCCDOQCRFIKKGKICRRI RGD FPDDRCTGOSADCPRNRFH|
PCCDAATCFLRPGAQCADGLCCDOCRFIKKGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCKLRPGAQCADGLCCDOCRFIKKGKICRRI RGD YPDDRCTGOSADCPRNR
PCCDAATCFLRPGAQCAEGLCCDOCRFIKKGKICRRI RGD FPDDRCTGOSADCPRNGY Y1
PCCDAATCFLRPGAQCADGLCCDOQCRFEFRFRTICRL RGD "PDDRCTGOSADCPRWNGL
PCCDAATCKLRPGAQCADGLCCDOCRFERFRTICRL RGD "PDDRCTGOSADCPRWNGL,
PCCDAATCRLRPGAQCADGLCCDOCRFRRFRTICRI RGD "PDDRCTGLSNDCPRWNDL,
PCCDPATCFLTPGSQCAEGLCCDOQCRFERKGTICRF] RGD (PDDRCTGLSDDCPRWNDL,
PCCDPATCKLTPGSQCAEGLCCDOQCRFERRKGTICRL RGD "PDDRCTGLSDDCPRWNDIL,
PCCDVGTCKLS PGAQCADGLCCDOQCRFERRKGIICRL RGD VNDDRCTGOSADCPRNGLY!
PCCDVGICKLS PGAQCADGLCCDOCRFRRKRKGKICRRI RGD FPDDRCTGOSADCPRNGLY!
PCCDAATCFLRPGAQCADGLCCDOCRFRFKFRTICRRI RGD IPDDRCTGOSADCPRNSL,
PCCDAATCFLRPGAQCADGLCCDOCRFRRKFRTICRR RGL IPDDRCTGOSADCPRNGLY S|
PCCDAATCFLRPGAQCAEGLCCDOCRFRRKFRTICRRI RGD FPDDRCTGOSADCPRNGLY!

GEDCDCGPPANCONPCCDAATCRVTTGSQCAEGLCCDOQCKFMKEGTVCRV) RGD VNNDICTGOSAECPNEGY Y
GEDCDCGPPANCONPCCDAATCRVTTGSQCAEGLCCDOCKFMKEGTICRV) RGD VNNDICTGOSAECPNEGY Y
GEDCDCGPPANCONPCCDATTCFLTPGSQCAEGLCCAQCKFIEEGTVCRV) KGD YNDDHCTGOSGDCPWIGY Y

PCCDAATCKVIPGSQCAEGLCCDOQCKFMKEGTVCREP RGD FNDDTCTGOSADCPREGIY!
PCCDAATCRVRIGSQCAEGLCCDOCKFIKKGTIVCERP RGD FNDDTCTGOSADCPRNGLY!
PCCDAATCFLRPGAQCADGLCCDOQCRFIKKGTIVCRP RGD FNDDTCTGOSADCPRNGLY!
PCCDAATCFLRPGAQCADGLCCDOCRFIKKGIVCRP RGD FNDDTCTGOSADCPRNGLY!
PCCDAATCFLRPGAQCADGLCCDOQCRFIKKGIVCRP RGD FNDDTCTGOSADCPRNGLY!
PCCDAATCKLRPGAQCADGLCCDOCRFIKKGTIVCREVI RGD FNDDTCTGOSADCPRNGLY!
PCCDAATCKLRPGAQCADGLCCDOCRFMERGTVCRVI RGD FNDDTCTGOSADCPRNGLY!
PCCDAATCFLRPGAQCADGLCCDOQCRFMKKGTVCEVI RGD TNDDTCTGOSADCPRNGLY!
PCCDAATCKLRPGAQCADGLCCDOCRFMKKGTVCRVI KGD FNDDTCTGOSADCPRNGLY!
PCCDAATCFLRPGAQCAEGLCCEQCRFIFKAGTVCEVI RGD FNDDRCTGOSADCPRNGFY!
PCCDAETCKLRPGQOCAEGLCCDOCRFMREGTICOE! KGD VTNDDTCNGISAGCPRNGEY!
PCCDAATCKLRPGEQCAEGLCCDOCRFMREGTICQE! KGD FNDDTCTGOSADCPRNGFEY!
PCCDAATCFLRPGAQCAEGDCCEQCRFVEEGTVCRE! KGL VNDDSCTGQOSADCPRN
PCCDAATCFLRPGAQCAEGLCCDOCRFIKAGTVCRRI RGD TNDNTCTGOSADCPRNGL
PCCDAATCFLTTGSQCADGLCCDOCFFMEEGTVCRRI RGD JLDDYCNGISAGCPRNP
PCCDAATCRLITTGSQCADGLCCDOCRFMREGTVCRRI RGD JLDDYCNGISAGCPRNP
PCCDAETCKLRPGAQCAEGLCCDOCRKFMKEGTVCHR! FGD sLDDYCNGISAGCPRNP
PCCDAETCKLRPGAQCAEGLCCDOQCFFMKEGTVCHRI FGD JLDDYCNGISAGCPRNP
PCCDAATCFLTPGSQCAEGLCCDOCKFMKEGTVCHRI FGD JLDDYCNGISAGCPRNP

PCCDAATCFLLPGAQCGEGPCCDQCSFMEEGTICRRI RGD JLDDYCNGRSAGCPRNEP
PCCDAATCFLIPGAQCGEGLCCDQCSFIEEGTVCRI) RGD JLDDYCNGRSAGCPRNEP:
PCCDAVTCFLRPGAQCAEGLCCDOQCRFMEEGTVCRR RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLRPGAQCAEGLCCDOQCRFMEEGTVCRR RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLRPGAQCAEGLCCDOQCRFMEEGTVCRI) RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLRPGAQCAEGLCCEQCRFMEEGTVCRI) RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLROGAQCAEGLCCDOQCRFMEEGTVCRI) RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLROGAQCAEGLCCDOQCRFMEEKGTVCRI) RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLROGAQCAEGLCCDOQCRFMEEGTVCRI) RGD IMDDYCNGISAGCPRNE:
PCCDAATCFLROGAQCAEGLCCDOQCRFMEEGTICRR! RGD JLDDYCNGISAGCPRNE:
PCCDAATCFLROGAQCAEGLCCDOQCRFMEEGTICRRI RGD JLDDYCNGISAGCPRNE:
PCCDAATCRLRPGAQCAEGLCCDOCKFMEEGTVCR—i RGID YWNDYCNGISAGCPRNPFH
PCCDAATCFLRPGAQCAEGLCCDOQCRFMEKEGTICEM RGD IMDDYCNGISAGCPRNE:
PCCDAATCFLRPGAQCAEGLCCDOQCRFMEEGTICEM RGD IMDDYCNGISAGCPRNEP:
PCCDAATCFLRPGAQCAEGLCCDOQCRFMEEGTICEM RGD IMDDYCNGISAGCPRNEP:
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Subgroup 1

Subgroup 2

Selected disintegrins of each subgroup

Subgroup 3

Subgroup 4

Albolatin (Model)
A

Mojastin (Model)

Salmosin (RMN) [Trimestatin (DrX)

Jarastatin (Model)

Flavoridin (RMN)

Kistrin (RMN)

Jararacin (Modelo)







Sty

py GREEN — A SUBUNIT
- BLUE — DISINTEGRINS




Docking with ay,f;

SUBGROUP 1

GREEN - Common to
all disintegrins

RED — Common only
to subgroup

BLLUE - Only in the
specific disintegrin

SUBGROUP 3

Albolatina

' $1238 Y122B
CR2148

SUBGROUP 2

Jarastatina

\E312p

-

Dfi,f' R214p

D51/" Y122p
\ $123p R214p

SUBGROUP 4

Jararacina

/N2598
N52\ D126p

'$123p R2148



Docking with a,

Albolatina

SUBGROUP 1

GREEN - Common to
all disintegrins

RED — Common only
to subgroup

BLLUE - Only in the
specific disintegrin

SUBGROUP 3

almosina
_ D159
N54 *! N313f

\ A252f

; ) _E1
DS226a ;77 "\
$226a'

~. N227a
D258a \

Y178a, *R49

Jararacina

,” 'S123
1 R2168
\ .

SUBGROUP 2

H72/ D312
1

\
\‘

D52 / E2208
'\ K253

$123p
R216p
Y1228

SUBGROUP 4




Docking complexes
PROPOSAL OF SELECTIVITY MAP
SUBGROUP 4

SUBGROUP 1 SUBGROUP 3

SUBGROUP 2



With the propose of confirming the
interaction profile degree of interaction a
theoretical analysis binding energy among the
integrins and disintegrins was performed.

Two disintegrins studied by my group
JARASTATIN (SUBGROUP2) and JARARACIN

(SUBGROUP 4) for the study of molecular
dynamics were selected.



Molecular Dynamics

* Strategies used in the analysis of MD simulations ::

* Physic-chemical properties of the system: A
* Pressure Indicate stability
* Volume > the simulation system
* Density
J
* Energies

* Total energy, Kinetic energy and Potential energy
* Interaction Energy (amino acids, ligand, receptor, solvent, ions)

* RMSD > Root-mean-square deviation at all amino acids in the simulation

 RMSF 2> Root-mean-square fluctuation at all amino acids in the simulation

 Radius of gyration & Refers to the distribution of the components of an
object around an axis.



Molecular Dynamics

RMSF (nm)

RMSF with disintegrins binding with o, B; during the 10ns.
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Molecular Dynamics

RMSF with disintegrins binding with a B, during the 10ns.
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Molecular Dynamics

Energy Studies

Energia Energia de Energia de Energia de
total Lennard-Jones Coulomb Interacao

Jararacinaisolada -1 28,10° -1,87,10° -1,76x105 -
Jararacina/ay,f3; -1,6x10° -2,0410° -2,23x10° -4,27,10°
Jararacina/a,f; -1 38,10° -1,77x10° -1,89«10° -3,66x10°

Jarastatinaisolada -1 27,10° -2,04,103 -1.73x10° -
Jarastatina/o,B;  -1,3910°  -1,96<10° -2,11x10° -4,07x10°
Jarastatina/a,f;  -1,5:10° -1,91x10° -2,04x10° -3,95x10°

Differences of interaction energy between the disintegrins

Jararacina/a,,p; — Jarastatina/a,p; = -2,0 x 10° kJ/mol

Jarastatina/a,; — Jararacina/a,f; = -2,9 x 10° kJ/mol



Conclusoes (in silico)

Within the group of PIl - medium size disintegrins, we can subdivide on some
distinct subgroups. That being Subgroup 4 (jararacin and kistrin) still could be more
divided.

Subgroups 1 and 3 that are in the transition of the phylogenetic tree exhibit high
affinity for allbpB3 and avf3 integrins; while one subgroup shows more affinity for
avfB3 and subgroup 4 (jararacina) more affinity for allbf3.

Molecular Dynamics corroborated the data showing that the rigid docking jararacin
(subgroup 4) has a higher affinity for allbB3, in contrast to jarastatina (subgroup 2)
showed higher affinity for avf3 .
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