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Abstract. Disintegrins represent a new class of low molecular weight, RGD-containing, 
cysteine-rich peptides isolated from the venom of various snakes. They interact with 
the p, and p3 families of integrins and their potency is at least 500-2000 times higher 
than short RGDX peptides. Analysis of the amino acid sequences of 14 different 
disintegrins suggests that the RGD sequence, in the spatial configuration determined 
by the appropriate pairing of the cysteine residues, functions as a cell recognition site. 
However, certain nonconserved amino acids appear to modify the activity of disintegrins, 
their specificity for various receptors, and their ability to compete specifically with 
various ligands. [P.S.E.B.M. 1990, Vol 1951 

ytoadhesive receptors expressed on cell surfaces 
are essential for cell-cell interaction and cell C adhesion to the extracellular matrix. These re- 

ceptors, referred to as integrins, comprise a superfamily 
of transmembrane heterodimeric molecules ( 1). Ex- 
amples of members of this family include the platelet 
fibrinogen receptor (glycoprotein IIb/IIIa) and the vi- 
tronectin and fibronectin receptors on endothelial cells 
and fibroblasts. A number of high molecular weight 
protein ligands, such as fibronectin, vitronectin, osteo- 
pontin, collagens, thrombospondin, laminin, fibrino- 
gen, von Willebrand factor, and complement compo- 
nent C3bi, contain the tripeptide sequence arginine- 
glycine-aspartic acid (RGD) which represents a com- 
mon integrin recognition site (2). However, other se- 
quences in these high molecular weight proteins also 
function as cell recognition sites (3-5). 

Recently, a number of low molecular weight, 
RGD-containing, cysteine-rich peptides have been iso- 
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lated from the venom of various vipers. Early studies 
by Taiwanese investigators demonstrated that the 
venom of Agkistrodon halys (6), Agkistrodon rhodos- 
toma (7),  Trimeresurus gramineus (8), and Echis cari- 
natus (9) contains peptides which are potent inhibitors 
of platelet aggregation. Huang et al. (7) suggested that 
the peptide obtained from the A .  rhodostoma venom 
inhibits the initiation of the intercellular linkages of 
platelets. Further studies resulted in the purification 
and amino acid sequencing of trigramin, which ap- 
peared to be a potent inhibitor of platelet aggregation 
and fibrinogen binding to ADP-stimulated platelets ( 10, 
1 1). Trigramin also bound to glycoprotein IIb/IIIa on 
the platelet surface (10). Subsequently, the amino acid 
sequences of other viper venom peptides (molecular 
mass, 5400-9000 daltons), including echistatin (1 2), 
bitistatin 3 (1 3), applagin ( 14), albolabrin (1 5), elegantin 
(1 5 ) ,  flavoridin (16, 17), and kistrin (1 8), have been 
reported. These peptides all contain the RGD sequence, 
are rich in cysteine, and bind with high affinity to 
integrins on the surface of platelets and other cells. On 
a molar basis, the concentrations of viper venom pep- 
tides required to cause 50% inhibition of ADP-induced 
platelet aggregation in platelet-rich plasma was 3,000 
to 30,000 times lower than the required concentration 
of RGDS ( I  6). In other experimental systems, such as 
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suspensions of washed platelets, the potency of disin- 
tegrins was 500-2000 times higher than that of short 
RGDX peptides. The snake venom peptides are potent 
inhibitors of fibrinogen binding to glycoprotein IIb/IIIa 
(10-14, 18) and of the adhesion of cultured cells to 
fibronectin. Additionally, human melanoma cells and 
avian fibroblasts adhere to these peptides when immo- 
bilized; this reaction is blocked by an excess of RGDS 
and antibodies to PI integrins (19, 20). 

We have compared the amino acid sequences of 
14 peptides purified from viper venoms and believe 
that RGD is a cell recognition site of these peptides. 
However, the potency of these molecules in inhibiting 
integrin-ligand interaction is probably a function of 
both the specific conformation of the RGD sequence 
and the amino acids which are adjacent to it. Since the 
amino acids flanking the RGD sequence in small pep- 
tides are known to contribute to the specificity of those 
peptides for different integrins (2), nonconserved resi- 
dues within the viper-derived peptides may also con- 
tribute to integrin selectivity. Along with monoclonal 
antibodies, these peptides are the most potent known 
inhibitors of integrin function and we therefore propose 
that they be named “disintegrins.” 

Individual disintegrins were purified initially from 
lyophilized venoms via a three-step procedure of gel 
filtration, ion exchange chromatography, and reverse 
phase C 18 high-performance liquid chromatography 
( 10- 12). Alternatively, purification from crude venom 
can be achieved by two cycles of reverse phase high- 
performance liquid chromatography ( 15). Fractions 
containing active disintegrins were identified by their 
ability to inhibit ADP-induced platelet aggregation. The 
amount of purified disintegrins varied from I to 10 
mg/g of lyophilized venom ( 10- 1 3, 1 5) .  

The primary sequences of 14 members of the dis- 
integrin family are shown in Figure 1. All disintegrins 
were isolated from the Viperidae family of snakes, and 
the names of these integrin inhibitor proteins were 
modified from the genera of the snakes from which the 
venoms were obtained. It is interesting to note that the 
vipers from which the disintegrins have thus far been 
purified are found on every continent except Australia 
and include desert-, water-, and forest-dwelling snakes. 
The disintegrins fall into three subfamilies: a short 
group containing 48-49 amino acids (echistatin and 
eristostatin); a medium group which contains 70-73 
amino acids (trigramin, albolabrin, elegantin, agkistros- 
tatin, applagin, batroxostatin, flavoridin, and rhodos- 
tomin), and a long group with 83-84 residues (bitista- 
tins). The sequence of rhodostomin is identical to that 
of kistrin reported by Dennis et al. (18). In Figure 1, 
and throughout this report, the numbering of amino 
acids refers to the numbering of the longest member 
sequenced to date, bitistatin 3. It is interesting that 
applagin, recently isolated from the venom of A. pisci- 

vorous pzscivorous ( 14), has significant differences in 
amino acid sequence as compared with agkistrostatin, 
which was isolated from the venom of the same snake 
(Fig. 1). This raises the possibility that one viper can 
contain more than one disintegrin in its venom. In 
addition, Dennis et al. (18) isolated four variants of 
trigramin from the venom of T. grumineus. Similarly, 
bitistatins I ,  2, 3, and 4 (Fig. 1) and bitan a (18) were 
all isolated from the venom of Bitis arietans, the puff 
adder found in sub-Saharan Africa. Bitan a differs from 
bitistatin 2 by four amino acids substituted at positions 
28, 45, 53, and 58 (18). Since the lyophilized venom 
from which these proteins are purified is collected and 
pooled from a population of snakes, we do not know if 
these variants reflect multiple genes for bitistatin or 
population variation. 

Invariant amino acids for the disintegrin family are 
shown in Figure 1. Notable is the conservation of 
cysteine residues at positions 43,48, 49, 52, 61, 73, and 
80; the conservation of the RGD tripeptide at positions 
65-67; and the conservation of glycine at position 46, 
phenylalanine at position 54, aspartic acid at position 
70, and proline at position 8 1. Although not present in 
the short peptides, cysteine residues at positions 17, 19, 
25, 29, 30, and 35 are conserved in the medium and 
long disintegrins. All disintegrins contain a high pro- 
portion of cysteine in disulfide linkages (8 cysteine 
residues in short disintegrins, 12 residues in medium 
disintegrins, and 14 residues in bitistatin). In the short 
disintegrins, an additional cysteine appears at position 
78, presumably to maintain disulfide pairing. It may 
also be significant that the most variable amino acids 
in these molecules are those close to the RGD sequence 
and the cysteines in the C-terminal region. A number 
of amino acids are conserved in the NH2 terminal 
domains of the medium and long disintegrins. How- 
ever, these domains are deleted in short disintegrins. 

Disintegrins also show some similarities with other 
proteins; however, these homologies are limited to only 
a few members of the disintegrin family. For instance, 
a region of homology, the tetrapeptide sequence PRNP, 
is found in the a chain of fibrinogen at positions 267- 
270 (21) and at the C terminus of trigramin, albolabrin, 
and echistatin (Fig. 1). The deletion of this sequence 
from synthetic echistatin (22) reduces its ability to 
inhibit platelet aggregation. The homology of medium 
disintegrins, specifically trigramin, with human von 
Willebrand factor precursor, collagen a1 (I) and laminin 
B, has been previously reported (1 1). This comparison 
cannot be made with echistatin and eristostatin, since 
the portion corresponding to the N-terminal region of 
medium-range disintegrins is deleted in these two mol- 
ecules. 

We believe that the RGD sequence represents a 
cell recognition site of disintegrins, since it is conserved 
in all molecules and since alterations of these amino 
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E c h i s t a t i n  ----------------.---. .---------------------ECESGPCCRNCKFLKEGllCKRARGDDMDDYCNGKTCDCPRNPHKGPAl 

E r j s t o s t a t j n  ____________________----------------.- QEEPCATGPCCRRCKFKRAGKVCRVARGDWNDDYCTGKSCDCPRNPWN---- 

Agki  s t r o s t a t i n  - - - - - - - - - - - - - - - - - - -VAPAN---PCCDAAlCKLTPGSQCAEGLCCDNCKFlKAGXlCRRARGDNXXXXXXXXXXXXXXXX------  

R h o d o s t m i n  _ _ _ _ _ _ _ _ _ _ _ _ _  GKECDCSSPEH---PCCDAATCKLRPGAQCGEGLCCEQCKFSRAGKlCRlPRGDMPOORClGQSADCPRYH------ 
F l a v o r i d l n  _ _ _ _ _ _ _ _ _ _ _ _ _  GEECDCGSPSN---PCCDAATCKtRPGAQCADGLCCDQCRFKKKRllCRIARGDFPDDRCTGLSNDCPRWN~L---- 
App lag fn  ______.___. EAGEECOCGSPEN---PCCDAATCKLRPGACCAEGtCCDQCKFMKEGTVC-RARGDDVNDYCNG I SAGCPRNPFH---- 

E l e g a n t i n  -----------EAGEECDCGSPEN---PCCDAATCKLRPGAQCADGLCCDQCRFKKKRTICRRARGONPDORCTGQSAOCPRNGLS---- 

B a t r o x o s t a t i n  -----------EA~EEC~CGTPEN---PCCOAATCKLRPGAQCAEGLCCDQCR~KGAGKlCRRARGDNPDDRClGQSADCPRNRF----- 

A l b o l a b r i n  -----------EAG~DCDCGSPAN---PCCDAATCKLLPGAQCGEGLCCDQCSFMKKGTlCRRARGDDLDDYCNGlSAGCPRNPLHA--- 

Tri g ram1 n - _ _  _ _ _  _ _ _  - - EAGEDCDCGSPAN---PCCDAATCKLIPGAQCGEGLCCDQCSFI EEGTVCRIARGDDLDDYCNGRSGGCPRNPFH---- 

B i t i s t a t i n  1 -SPPVCGNELLEEGEECDCGSPANCQDRCCNAATCKLTPGSQCNHGECCDQCKFKKARTVCRlARGDWNDOYCTGKSSDCPUNH------ 

B i  t i s t a t  i n  2 -SPPVCGNKILEQGEDCDCGSPANCQDRCCNAATCKLTPGSQCNHGECCDQCKFKKARTVCRlARGDWNDDYCTGKSSDCPWNH------ 

B i  t i  s t a t  i n  3 VSPPVCGNKILEQGEDCDCGSPANCQDQCCNAATCKLTPGSQCNHGECCDQCKFKKARTVCRlARGDWNDDYCTGKSSDCPUNH------ 

B i  t i  s t a t i n  4 -SPPVCGNEILEQGEDCDCGSPANCQDQCCNAATCKLTPGSQCNHGECCDQCKFKKARTVCRlARGDWNDDYCTGKSSDCPUNH------ 

CONSERVED --------------------------------. .--------C--G-CC--C-F------C---RGD---D-C------Cp--------- 
I 

Pmino A c i d  10 I 20 ' 30 ' 40 ' 50 I 60 70 I 80 ' 90 
I 

Figure 1. The primary sequences of 14 members of the disintegrin family isolated from the venoms of E. carinatus (echistatin; 2); Eristocophis 
macmahoni (eristostatin), Agkistrodon piscivorous (agkistrostatin, applagin; 14); A. rhodostoma (rhodostomin), Trimeresurus flavoviridis 
(flavoridin; 16, 17); Trimeresurus elegans (elegantin; 15); Bothrops atroox (batroxostatin; 20); Trimeresurus albolabris (albolabrin; 15), T. gramineus 
stejnegeri formosensis (trigramin; 11); B. arietans (bitistatin; 13). The disintegrins are arranged in length, with the tripeptide sequence RGD 
aligned. Cysteine residues are indicated with an asterisk. Sequences were determined as described previously (1 0-1 2). Undetermined amino 
acids are indicated with an X. Numbering refers to the longest member found, bitistatin 3. Amino acids conserved in all disintegrins are shown 
at the bottom. The amino acid sequence of rhodostomin determined in our laboratory is identical to that of kistrin (18). 

acids change the activity of the peptide. For example, 
we have demonstrated that the replacement of the 
arginine with ornithine or alanine results in greatly 
diminished activity of echistatin (22). The spatial con- 
figuration of RGD may depend on the tertiary and 
secondary structures of the molecule as determined by 
the appropriate pairing of cysteine residues, since re- 
duction and alkylation of the disulfide bridges results 
in an almost complete disappearance of activity (10- 
12, 19). This is in agreement with the theory that the 
appropriate conformation of the RGD sequence is es- 
sential for attachment of adhesive proteins to integrins 
(2, 23). We further propose that although the activity 
of disintegrins resides primarily with the RGD se- 
quence, other sequences may modify their activity, their 
specificity for various receptors, and their ability to 
compete specifically for various ligands. For instance 
flavoridin (ICsO = 40 nM) is about five times more active 
than trigramin (ICsO = 200 nM) in blocking ADP- 
induced platelet aggregation (10, 16). Perhaps this is 
because of the substitution of Asp 66 (trigramin) with 
Phe 66 (flavoridin), since it has been reported that 
RGDF is one of the most potent tetrapeptides at block- 
ing ADP-induced platelet aggregation and fibrinogen 
binding to platelets (24). Therefore, it appears that both 
the spatial configuration established by the disulfide 
linkages and the amino acids adjacent to the RGD 
sequence contribute to the high potency of disintegrins 
as compared with that of the linear tetrapeptides. That 
is, disintegrins are active at nanomolar concentrations 
whereas the activity of the short RGDX peptides is seen 
at the micromolar level. In addition, amino acid differ- 

ences between albolabrin and echistatin may contribute 
to the differential effects of these peptides on platelet 
adhesion to artificial surfaces and on platelet aggrega- 
tion (16). Similarly, the occurrence in trigramin of 
homologous sequences with von Willebrand factor and 
the absence of these sequences in echistatin may result 
in the stronger inhibitory activity of trigramin as com- 
pared with that of echistatin in blocking the binding of 
von Willebrand factor to activated platelets (Lukasiew- 
icz et al., unpublished data). 

Recently, echistatin, a short disintegrin, has been 
obtained by chemical synthesis (22) and by DNA re- 
combinant technology (25, 26). At present, the biolog- 
ical significance of disintegrins in the venom is not 
known but they do represent a powerful tool for basic 
and clinical research. Experiments with hamsters (27) 
and dogs ( 1  3, 28, 29) demonstrated that disintegrins 
prevent the in vivo formation of platelet aggregates. In 
another experimental model, simulated extracorporeal 
circulation of human blood, we found that disintegrins 
prevent the loss of platelets by inhibiting their adhesion 
to silicone rubber surfaces ( 16). These experiments also 
demonstrate that disintegrins have a short half-life and 
are apparently nontoxic (1 3,27). In addition, albolabrin 
showed a potent anti-thrombotic effect due to reduced 
platelet accumulation in mouse lungs (28). Albolabrin, 
at the dose of 10 pg per mouse, significantly inhibited 
the metastases of B- 16 melanoma cells in mouse lungs 
(Soszka et al., unpublished data). Finally, it has been 
reported that echistatin inhibits bone resorption by 
interfering with the RGD-dependent activity of the 
osteoclasts (3 1). Disintegrins and their analogs may 
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