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ABBREVIATIONS 

HR2a, hemorrhagic principle 2a; 

Ht-d, hemorrhagic toxin d; 

T., Trimeresurus; 

c., Crotalus; 

GPIIb/IIIa, platelet glycoprotein IIb/IIIa; 

SDS-PAGE, sodium dodecyl sulfate-polyacrylamide gel electrophoresis; 

HPLC, high performance liquid chromatography; 

CNBr, cyanogen bromide; 

PTH, phenylthiohydantoin; 

RVV-X, the factor X activating enzyme from Russell's viper venom; 

RVV-V, the factor V activating enzyme from Russell's viper venom; 

Gla, y-carboxyglutamic acid; 

LCl, light chain 1; 

IX/X-bp, factor IX/factor X-binding protein. 
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PREFACE 

Most snake venoms can be classified into several fundamental 

groups according to the main pathophysiological effects they 

manifest. Venoms of snakes belonging to families Elapidae (cobras, 

kraits, mambas, etc.) and Hydrophiidae (sea snakes) are highly 

neurotoxic and produce flaccid paralysis and respiratory failure in 

animals. Neurotoxins from these snake venoms have been extensively 

studied by many investigators. In contrast, Viperidae (viper) and 

Crotalidae (pit viper) venoms produce striking local effects, 

consisting of hemorrhage, necrosis, and edema, and often induce 

marked alterations of blood coagulation system as well. Among these 

pathological effects, hemorrhage is a most common occurrence in a 

victim bitten by crotalid and viperid snakes and various components, 

such as hemorrhagic factors and metalloproteinases, involved in these 

venoms have been isolated and characterized. These factors cause 

localized hemorrhage by direct actions on the blood vessel wall. 

Electron microscopic studies indicate that erythrocytes are leaked in 

a one-by-one fashion through widened inter-endothelial gaps when 

capillaries are exposed to these hemorrhagic proteins. The enzymes 

may disrupt the pericellular basement membrane through a proteolytic 

activity and with subsequent damage to the integrity of the vessel 

wall after which hemorrhage occurs. On the other hand, crotalid and 

viperid venoms contain many non-hemorrhagic metalloproteinases which 

act as procoagulants having very strict substrate specificities such 

as Russell's viper venom factor X activator (RVV-X). 

In the 1970 era, four hemorrhagic metalloproteinases HRlA, 

HRlB, HR2a, and HR2b, and one non-hemorrhagic H2-proteinase have been 

purified from the venom of Trimeresurus (T) flavoviridis. In the 
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earlier reports, we established the primary structures of HR2a (202 

residues) and H2-proteinase (201 residues), and other hemorrhagic 

metallopr o t e inase HT-2 ( 202 residues), isolated from the venom of 

Crotalus ruber ruber. All of these enzymes are very similar in 

sequence to each o ther and c ontain the putative active site sequence 

His-Glu-X-X-His that i s homol ogous t o the active sites of therrnolysin 

and several other related bacteri a l enzymes as well as mammalian zlnc 

met a lloproteinases. However , since no significant sequence 

similarity beyond this regio n i s f ound with any other known 

metalloproteinases, the s n a ke venom enzymes belong to newly 

identified metalloproteinase subf amily. Among the venom 

metalloproteinases, the high molecular mass (Mr 60,000) hemorrhagic 

protein HRlB expresses 10 times h i gher hemorrhagi c a c tiv ities than 

does HR2a, thereby indicating major lethal f ac t ors in T. fl avo v iridis 

venom. In addition, HRl (mixture of HRlA and HRlB) as wel l a s the 

crude venom inhibit ADP-stimulated platelet aggregation. 

In Part I of this thesis, the amino acid sequence of HRlB has 

been determined to explain these characteristic f eatur es of HR l B. I n 

Part II, the entire amino acid sequence of RVV-X has been det ermi ned 

in order to elucidate the molecular mechanism of the RVV-X-catalyze d 

factor X activation, in particular how RVV-X specifically recogn i z e s 

factor X. 
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PART I 

The High Molecular Mass Hemorrhagic Protein, HRlB, Isolated 

from the Venom of Trimeresurus flavoviridis 
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SUMMARY 

Hemorrhage is a common occurrence in a victim b i tten by 

crotalid and viperid snakes, and hemorrhagic components in these 

various venoms have been isolated and characterized. Previously, we 

have shown that a low molecular weight hemorrhagic protein (HR2a, 202 

amino acid residues) isolated from the venom of Trimeresurus 

flavoviridis is a member of new subfamily of metalloproteinases. We 

now report the complete amino acid sequence of a high molecular mass 

hemorrhagic protein isolated from the same venom. This protein, 

HR1B, is a mosaic protein composed of 416 residues containing 4 Asn­

linked oligosaccharide chains. The amino-terminal half (residues 1-

203) of HR1B contains a metalloproteinase domain, the sequence of 

which is 62 % identical to that of HR2a and 52 % identical to that of 

Ht-d isolated from the Crotalus atrox venom. The most interesting 

finding is that the middle region (residues 204-300) of HR1B shows a 

striking similarity to disintegrins, Arg-Gly-Asp-containing platelet 

aggregation inhibitors, recently found in several viper venoms. 

Interestingly, however, this region of HR1B does not contain the Arg­

Gly-Asp-sequence which is known to be a putative binding site in the 

disintegrins for the platelet fibrinogen receptor, glycoprotein 

IIb/IIIa complex. We also found that the carboxy-terminal region 

(residues 213-336) of the middle part of HR1B shows 30 % identity to 

residues 1543-1656 of von Willebrand factor, and that the remaining 

region at the carboxyl-terminal end is unique and has a cysteine-rich 

sequence. These results suggest that the middle portion of HR1B, 

which shows structural similarities ~ to the disintegrins and von 

Willebrand factor, may be important in synergistically stimulating 

hemorrhagic activity in the NH2-terminal metalloproteinase domain. 
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INTRODUCTION 

The neurotoxic effects of cobra and sea snake venoms are now 

well understood and purified neurotoxins serve as tools for the 

investigation of mammalian neuronal systems (1). In contrast, the 

local effects of crotalid and viperid venoms, toxins which cause 

severe hemorrhage, necrosis and edema, are poorly understood at 

the molecular level. Among factors responsible for these effects, 

hemorrhagic proteins have been highly purified and characterized 

(2). These proteins cause localized hemorrhage by direct actions 

on the blood vessel wall. Electron microscopic studies have shown 
I 

that erythrocytes are broken in a one-by-one fashion through 

widened inter-endothelial gaps when capillaries are exposed to 

these hemorrhagic proteins (3, 4). Moreover, hemorragic proteins 

degrade basement membrane preparations (5) as well as isolated 

components, including type IV collagen, laminin, nidogen, and 

fibronectin (6). These findings suggest that hemorrhagic proteins 

may disrupt the pericellular basement membrane through proteolytic 

activity and with subsequent damage to the integrity of the vessel 

wall after which hemorrhage occurs (6, 7). The purified venom 

proteins should provide an appropriate tool for elucidating 

mechanisms related to the oozing of erythrocytes and plasma 

proteins from microcirculatory systems. 

In 1989 Shannon et al. (6) and our group (7) reported the 

primary structures of low molecular weight hemorrhagic proteins 

(Mr 23,000), named hemorrhagic principle 2a (HR2a) and hemorrhagic 

toxin d (Ht-d), isolated from the venom of Trimeresurus 

flavoviridis and Crotalus atrox, respectively. The structures 

revealed that both are members of a newly identified subfamily of 
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metalloproteinases which have peptide segments similar to part of 

the zinc-chelating site and one of the catalytic residues of 

thermolysin. However, there is no significant sequence similarity 

to thermolysin or any other known metalloproteinases, except for 

the zinc chelating sequence. 

High molecular weight (Mr 60,000-90,000) hemorrhagic proteins 

have also been isolated from the venom of various species of 

snakes including Agkistrodon halys blomhoffii (8, 9), C. atrox 

(10), and C. horridus horridus (11), all of which have potent 

hemorrhagic activity. Two high molecular weight hemorrhagic 

proteins, named HR1A and HR1B and isolated from the venom of T. 

flavoviridis (12, 13), are c .losely related, if not identical, 

immunologically. They have molecular weights of 60,000. HR1A and 

HR1B give LDso values of 7.2 and 4.9 mg/mouse, respectively, and 

show 10 times higher hemorrhagic activities than does HR2a, 

thereby indicating that they are major lethal factors in T. 

flavoviridis venom (13). In addition to these pathological 

functions, HR1 (a mixture of HR1A and HR1B) as well as the crude 

venom inhibit ADP-stirnulated platelet aggregation (14). HRl has 

the potential to inhibit 60 % of platelet aggregation at a 

concentration of 6 ng/ml, in platelet rich plasma. In situ 

microscopic observations also reveal that hemorrhagic proteins 

present in venom induce hemorrhage with little or no formation of 

white thrombi at the site of the hemorrhage (3, 4). 

In ongoing work to elucidate the structure and function 

relationships of hemorrhagic components, we determined the 

complete amino acid sequence of HRlB and compared the findings 

with the low molecular mass hemorrhagic protein, HR2a. We 

obtained evidence that HRlB is a mosaic protein consisting of an 



amino-terminal metalloproteinase domain, a large noncatalytic 

middle segment with a trigramin-like structure (15-17) and a 

unique carboxyl-terminal Cys-rich domain. This is apparently the 

first report of the entire sequence of a high molecular mass 

hemorrhagic protein detected in crotalid and viperid venoms. 



MATERIALS AND METHODS 

Materials The sources of materials used were as 

follows: Achromobacter lyticus lysyl endopeptidase, 4-

vinylpyridine and succinic anhydride from Wako Pure Chemical 

Industries, Osaka; endoproteinase Asp-N from Boehringer-Mannheim 

Biochemica, FRG; L-pyroglutamylpeptidase from Suntory, Osaka; 

trypsin treated with N-tosyl-phenylalanyl chloromethyl ketone and 

a-chymotrypsin from Worthington Biochemical, Freehold, N. J.; 

arginylendopeptidase from Takara Shuzo Co. Ltd., Kyoto; cyanogen 

bromide, o-iodosobenzoic acid and Cosmosil (3C18, 5C4) columns 

from Nacalai Tesque, Inc., Kyoto; TSK ODS-120T and Phenyl-5pw RP 

columns from Toyo Soda Manufacturing Co. Ltd., Osaka; a Vydac 

214TP5415 column from The Separations Group, CA; reagents for 

gas-phase sequencer from Applied Biosystems, CA. All other 

chemicals were of analytical grade or of the highest quality 

commercially available. 

Purification of HRlB ------- HR1B was highly purified from 

T. flavoviridis venom, as described (13). Briefly, the 

purification method consisted of three steps, gel filtration on 

Sephadex G-100, ion-exchange chromatography on DEAE-Sephadex A-

50, and gel filtration on Sephadex G-200 superfine. The purified 

preparation gave a single band on SDS-PAGE under reduced 

conditions and the apparent molecular mass was estimated to be 
I 

approximately Mr 60,000 (data not shown). 

S-Pyridylethylation of HRlB HR1B (200 nmol) was 

incubated ln 6 ml of 6 M guanidine hydrochloride containing 0.5 M 

Tris-HCl, 10 mM EDTA, and 40 mM dithiothreitol, pH 8.6, under 

nitrogen for 3 hat 50 °C. 4-vinylpyridine (1.2 nmol) was then 



added and the mixt ure was further incubated in the dark for 2.5 h 

at room temperatur e. The excess reagents were removed by 

dialysis against distilled wat e r. 

CNBr Digestion Pe- HR 1B ( 100 nmol ) in 2 ml of 70 % 

formic acid was treated with CNBr , a 100- f o l d mo l a r e xcess over 

methionine residues under nitrogen, and i ncubate d at r oom 

temperature for 20 h in the dark. The reaction was termina ted b y 

lyophilization. 

Subdigestion with Lysyl Endopept i dase ------- CNBr 

fragments, Ml, M5, and M6 (10 nrnol each) were s ubdi ge s ted with 

lysyl endopeptidase. The peptides in 50 rnM Tri s -HCl buffer , pH 

9.0, containing 2 M urea were digested with an enzyme/substrate 

ratio of 1/50 (mol/mol) at 37 °C for 18 h. 

Subdigestion with Endoproteinase Asp-N CNBr 

fragments, M1, M5, and M6 (6 nmol each) were subdigested with 

endoproteinase Asp-N. The peptides in 50 rnM Tris-HCl buffer, pH 

8.0, containing 1 M urea were digested with an enzyme/substrate 

ratio of 1/150 (mol/mol) at 37 °C for 18 h. 

Fragmentation with o-Iodosobenzoic Acid CNBr 

fragment Ml was cleaved at tryptophanyl peptide bonds. The 

peptide (6.5 nrnol) was incubated in 0.2 ml of 80 % acetic acid 

containing 4 M guanidine hydrochloride and 4.5 rnM o-iodosobenzoic 

acid for 24 hat room temperature, in the dark (18). 

Tryptic Digestion Pe-HRlB was succinylated to 

protect the cleavage of lysyl peptide bonds before tryptic 

digestion. The Pe-protein (50 nmol) in 3 ml of 0.1 M NaHC03, pH 

8.3, containing 8 M urea was treated with succinic anhydride, a 

3-fold molar excess over lysine residues. After addition of 

succinic anhydride, pH of the mixture dropped; it was adjusted to 



by adding NaOH. The solution was allowed to stand for 1.5 h at 

r oom temper a t u r e. The 0 - succinyl groups were removed by 1 M 

hydroxylamine, pH 8.5, for 3 h. The succinylated pe-HR1B in 0.75 

ml of 50 mM Tris-HCl buffer, pH 7 .5, containing 4 M urea was 

digested by trypsin with an enzyme/substrate r a tio o f 1 / 150 

(mol/mol) at 37 °C for 23 h. 

Digestion with Arginylendopeptidase Pe- HR1B (50 

nmol) in 0.9 ml of 50 mM Tris-HCl buffer, pH 8.0, containi ng 2 M 

urea was digested with an enzyme/substrate ratio o f 1 /150 

(mol/mol) at 37 °C for 6 h. 

Peptide Purification Peptides were purified by 

reversed-phase HPLC in 0.1 % trifluoroacetic acid wit h 

acetonitrile gradient elution at a flow rate of 0.5 ml per ml n. 

Details are the same as described (19). 

Amino Acid Analysis and Sequence Determination The 

amino acid analysis of the pe-protein was performed by ion­

exchange chromatography in a Hitachi model L-8500 high speed 

amino acid analyzer after hydrolysis with 5.7 M HCl containing 

0.2 % phenol at 110 °C for 24, 48, and 72 h by the method of 

Spackman et al. (20). Tryptophan was determined by hydrolysis in 

3 N mercaptoethanesulfonic acid (21). The CNBr fragments and 

arginylendopeptidase fragments were analyzed using a Hitachi L-

8500 amino acid analyzer after hydrolysis with 5.7 M HCl 

containing 0.2 % phenol at 110 °C for 24 h. The tryptic peptides 

and subdigested peptides were analyzed using reversed-phase HPLC 

of phenylthiocarbamoyl derivatives (22), using a Waters PICO-TAG 

system, after hydrolysis with 5.7 M HCl containing 1 %phenol at 

110 °C for 20 h. Automated sequence analyses wer e performed with 

an Applied Biosystems 477A protein sequencer, as descri bed by 



Hewick et al (23), with an Applied Biosystems model 120A PTH 

analyzer. 

Determination of the Carboxyl-Terminal Amino Acid 

The carboxyl-terminal amino acid of HRlB was determined by the 

vapor-phase hydrazinolysis method (24). Highly dried 10 nmol of 

protein was treated with vaporized hydrazine at 90 °C for 3 h. 

The hydrazinolysate was then treatep with benzaldehyde. The 

amino acid released from the carboxyl-terminus of the protein was 

identified with a Hitachi model L-8500 amino acid analyzer. 

Nomenclature of the Peptides 

by a serial number prefixed by a letter. 

Peptides are designated 

The letters indicated 

the type of digestion: M, CNBr; K, lysyl endopeptidase; D, 

endoproteinase Asp-N; R, arginylendopeptidase; ST, tryptic 

digestion of succinylated protein; W, o-iodosobenzoic acid. The 

numbers in the peptide designation do not correspond to the order 

of their elution in HPLC, but rather to their positions in the 

protein sequence, starting from the N-terminus. 

14 



RESULTS 

Amino Acid Composit i on and S e que nce Analysis of HRlB --- The 

amino acid composition of HR1B determi ned from the sequence as 

well as that obtained by amino ac i d a na l ysis is s hown in Tab le I. 

Based on the analysis, HR1B contained gluc osami ne but not 

galactosamine. HR1B had a high content of cystei ne. Sequenc e 

analyses of intact protein (1 nrnol) and Pe-protein (2 nrnol) 

revealed no PTH derivatives up to 5-cycles of Edman degr adat i on, 

thereby indicating that the amino- termi nus i s b l ocked, as a r e 

those of HR2a (7) and Ht-d (6). By treatment of i ntac t HR1B with 

pyroglutamylpeptidase, the amino-terminal pyroglutamyl r es i due was 

released to give HR1B PG and the resultant protein HR1B PG was 

sequenced (Fig. 1). As with findings with HR2a (7) and Ht-d (6), 

sequence analysis of HR1B PG revealed the presence of a variant o f 

the sequence lacking glutamine at position 2. Vapor-phase 

hydrazinolysis of HR1B yielded 0.11 mol of alanine, 0.07 mol of 

lysine and 0.13 mol of serine per mol of protein (uncorrected), 

hence, there is probably microheterogenity at the carboxyl­

terminus of HR1B. 

CNBr Peptides The entire amino acid sequence of HR1B 

was determined primarily from a set of methionyl-cleavage 

fragments (Fig. 1). The CNBr digest of pe-HR1B was separated by 

reversed-phase HPLC on a column of Vydac 214TP5415 (Fig. 2). 

Peptides M4-5 and MS were separated by rechromatography on a 

column of ODS-120T (Fig. 3). The minor peptide M7'' was separate d 

from M7' by rechromatography as shown in Fig. 4. The amino ac i d 

compositions and sequences of obtained peptides are shown l n 

Tables II and III, and Fig. 1. MS-DP was a pepti de whi ch was 
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partially hydrolyzed at Asp-Pro bond in 70 % formic acid during 

digestion. M4-5 and M3-4-5 were yielded by incomplete cleavage at 

a Met-Ile bond (residues 170-171), and a Met-Ser bond 

(residues167-168). Similar but not identical peptides, M7, M7' 

and M7" did not contain homoserine in their compositions, thereby 
I 

indicating that these peptides originated from the carboxyl-

terminal end. Amino acid sequences of M7, M7' and M7" were 

complete, showing that M7' contained an extended sequence of Tyr-

Lys and M7" had a more extended sequence of Tyr-Lys-Ser from the 

carboxyl-terminus of M7. As described above, the result obtained 

on hydrazinolysis of intact protein indicated three carboxyl-

terminal residues, Ala, Lys and Ser. Thus, the carboxyl-terminal 

ragged ends of HR1B, such as, -Ala, -Ala-Tyr-Lys and -Ala-Tyr-Lys-

Ser, were confirmed. The amino acid sequences of CNBr peptides, 

M1, MS and M6 were determined completely from two overlapping sets 

of peptides generated on digestion with lysyl endopeptidase and 

endoproteinase Asp-N. 

Subdigestion of Ml Subdigests of M1 with lysyl 

endopeptidase yielded 8 peptides (Fig. 5). The amino acid 

compositions and sequences of the peptides are shown in Tables III 

and IV, and Fig. 1. The amino acid composition and blocked amino-

terminus indicated that M1K1 originated from the amino-terminal 

end. After digestion with pyroglutarnylpeptidase, the resultant 

peptide M1K1 PG could be sequenced (Tables III and IV, and Fig. 

1). Although the entire HR1B had the amino-terminal ragged end, 

sequence analysis of M1K1 PG did not reveal the presence of a 

variant peptide with glutamine at position 2. One possible 

explanation is that the glutamine residue newly appearing at the 

amino-terminal end of this variant peptide by the 



pyr oglutamylpept i dase treatment was cyclized again and this newly 

cyclized glutami ne was further d i gested by pyroglutamylpeptidase 

and could be sequenced onl y from the arginine at position 3 . M1K6 

and M1K6' gave the same amino ac id c ompos ition s (Table IV ). 

However, M1K6' could not be sequenced, sugge s ting t hat c yc lization 

of the amino-terminal glutamine of M1K6 mi ght have occurred during 

digestion or HPLC. Subdigests of M1 with endoproteinase Asp- N 

yielded 6 peptides (Fig. 6). Amino acid composi t ions o f t hes e slx 

peptides are shown in Table V. As shown l n Table III and F i g. 1 , 

MlD2 overlapped M1K2, M1K3, M1K4, and M1K5. M1D4 a nd M1D6 

overlapped M1K5, M1K6 and M1K7. M1W1, generated by c l eavage a t 

tryptophanyl residues, confirmed the carboxyl-terminal sequence of 

M1D2. Hence, a continuous sequence of M1 was obtained. 

Subdigestion of M5 Subdigests of MS with lysyl 

endopeptidase were separated by reversed-phase HPLC (Figs. 7 and 

8). The total of 6 peptides were subjected to amino acid and 

sequence analyses (Tables III and VI, and Fig. 1). Twelve 

peptides were obtained from subdigests of MS with endoproteinase 

Asp-N ( Figs. 9-11), and their amino acid and sequence data are 

shown in Tables III and VII and Fig. 1. MSD7 overlapped MSK3, 

MSK4 and MSKS. MSD12 filled the carboxyl-terminal portion of 

MSKS. 

Subdigestion of M6 ------ Two subdigestions of M6 were 

performed by cleavage with lysyl endopeptidase and endoprot e inase 

Asp-N. The resulting fragments were separated by reversed-phase 

HPLC (Figs. 12-15). Peptides obtained were subjected t o 

structural analyses (Tables III, VIII, and IX and F i g. 1). M6K4 

and M6K5 overlapped by M6D6 provided the remainde r of the seque nce 

of M6. 



Cleavage a t Arginy l Residues ------- Alignment of the 

methionyl-cleavage fragments was obtained by analyses of the 

peptides isolated from c l eavages at the arginyl residues. Pe-HR1B 

was cleaved by trypsin at a r g i ny l r es i dues after N-succinylation. 
I 

The peptides were separated by r ever s e d -phase HPLC a s s hown in 

Fig. 16. The amino acid compositions o f the peptides a re s hown in 

Table X. The peak just before ST1 seemed to be an uncleaved 

peptide of ST1 and ST2, as determined by the ami no ac i d 

composition (data not shown) and the blocked ami no t e rminu s . The 

amino acid sequence of ST2 over lapped M1 and M2 ( Tab le III , and 

Fig. 1). The sequences of ST4 and ST4-5 overlappe d MS KS and 

M5D12. The sequence of STS overlapped MSD12, MSK6 and M6 . Since 

ST6 overlapped M6KS and M7, M6 and M7 were linked. The over lap 

between M2 and M3 was achieved by the sequence analysis of R1 , one 

of the fragments of Pe-HR1B digested with arginylendopeptidase 

(Fig. 17 and Table XI). 

Carbohydrate-Linked Asparagine Residues The PTH 

derivatives at positions 73, 181, 327 and 380, were not identified 

by sequence analysis. These are very likely carbohydrate-linked 

Asn residues since they are followed by a - X-Thr/Ser sequence, a 

consensus signal sequence for the attachment of carbohydrate to 

asparagine and because the composition analyses of the fragment s 

containing these residues show the presence of glucosamines in 

each fragment. The reasonably high yields for Thr and Ser 

residues in the entire sequence and composition analyses of all 

the fragments, including intact protein, indicate the absence of 

0-linked carbohydrate chains in HR1B. 

Summary of Sequence Analyses of HRlB Ninety-seven 

percent of the total sequence was determined by two or three 



independent analyses using different peptides, as shown in Fig. 1. 

HR1B was composed of 416 residues with 4 Asn-linked sugar chains 

at positions 73, 181, 327 and 380. HR1B has been reported to 

contain neutral sugar, amino sugar and sialic acid accounting for 

17-18 % on a total weight basis (13) and corresponding to 10-11 

kilodaltons. The molecular weight for the polypeptide portion of 

the largest isoform was calculated to be 46,478, thus the 

molecular weight was approximately 57,000 with the addition of the 

four carbohydrate chains. This number differed slightly from the 

reported Mr of 60,000 (13), as estimated by SDS-PAGE. In all 

likelihood, this difference was due to abnormal migration of 

glycoproteins on SDS-PAGE (25). The net charge of the polypeptide 

portion of HR1B was calculated to be +6. Since the isoelectric 

point of HR1B was determined to be 4.4 (13), the sialic acid 

residues of the complex carbohydrate moieties must account for the 

acidic isoelectric point. 

Titration of the Free SH-Group Since structural 

analyses of HR1B gave a total of 35 cysteine residues, as 

indicated in Table 1 and Fig. 1, the content of the free SH-group 

was determined by the method of Ellman (26) and incorporation of 

4-vinylpyridine in the absence and presence of a denaturant. The 

values determined by the two methods with Ellman's reagent (5,5'­

dithiobis (2-nitrobenzoic acid)) and with S-pyridylethylation were 

in good agreement, showing that about 1 mol of SH-group per mol of 

HR1B was titrated only in the presence of denaturant (Table XII). 

HR1B probably has a free cysteine residue present in the molecule, 

which is in striking contrast to the case of a low molecular mass 

of the hemorrhagic protein HR2a. 



DISCUSSION 

We reported the complete amino acid sequence and the 

disulfide bridge locations of the hemorrhagic (HR2a) and non­

hemorrhagic (H2-proteinase) metalloproteinases (7, 27), isolated 

from snake venom used as the source of HR1B. In the same year, 

the amino acid sequence of Ht-d, a hemorrhagic metalloproteinase 

from the venom of C. atrox was reported by other investigators 

(6). These are very similar metalloproteinases consisting of 201-

203 residues. As shown in Fig. 18A, the sequence of the amino­

terminal half (203 residues) of HR1B represents a 

metalloproteinase structure similar to the low molecular weight 

metalloproteinases, HR2a, H2-proteinase and Ht-d. This 

metalloproteinase domain of HR1B contains an amino acid sequence 

(residues 143-147) consisting of the putative zinc-chelating (His-

143, 147) and catalytic (Glu-144) residues (Fig. 18A), identified 

by homology to the zinc-chelating sequence of thermolysin (6, 7, 

27). This domain of HR1B has a slightly higher level of identity 

to the sequences of HR2a (62 %) and H2-proteinase (62 %) than to 

that of Ht-d (52%), probably due to snake species differences. 

On the other hand, when the sequence identities of the three 

proteins from the same species are compared, HR2a and H2-

proteinase are more closely related (74 % identity) than are 

HR2a/H2 proteinase and HR1B, thereby suggesting that HR1B diverged 

before the divergence of HR2a (hemorrhagic) and H2-proteinase 

(non-hemorrhagic). 

The most characteristic feature found in the 

metalloproteinase domain of HR1B is the presence of two sugar 

chains (Fig. 18A). One linked to Asn-73 is in a rather 



hydrophobic region (res i dues 4 0- 80 ) of HR1B, as predicted by the 

method of Kyte and Dool i t tle (2 8) . Since the corresponding 

regions of the three other mol ecules, HR2a, H2-proteinase and Ht-

d, are also hydrophobic, only HR 1B is likely to have 

hydrophilicity in this region. Although H2- p r o teinase also has a 

potential carbohydrate binding sequence a t As n - 73 ( Fig . 18A), no 

carbohydrate moiety was detected (27). The other sugar chai n 

located in HR1B is linked with Asn-181, at a posit i on where Asp 

residues are followed by the -X- Ser sequence i n the t h r ee o t her 

molecules. 

As we reported, HR2a and H2-pr oteinase h a ve simila r primary 

structures although the latter does not have hemorrhagi c activ ity 

(27). We compared the three hemorrhagic metalloprotei nases (HR1B, 

HR2a and Ht-d) and one non-hemorrhagic H2-proteinase (Fig. 18A), 

to determin the structural element related to hemorrhaging. 

However, we found no clear differences between the hemorrhagic and 

non-hemorrhagic metalloproteinases. While there are few residues 

in common, at least six are shared by hemorrhagic but not by non­

hemorrhagic proteinases (boxed residues in Fig. 18A). Such 

conserved residues may possibly be related to the induction of 

hemorrhagic activity. Further investigations are ongoing to 

evaluate the significance of these specific residues in relation 

to the substrate specificity of hemorrhagic proteinases. 

Platelet aggregation inhibitory peptides, termed trigrami n, 

echistatin, applaggin and bitistatin, have been isolated f r om the 

venom of T. gramineus, Echis carinatus, Agkistrodon piscivorus 

piscivorus and Bitis arietans, respectively, and the amino ac i d 

sequences have been determined (15-17, 29-32). These peptides a r e 

homologous cysteine rich peptides consist i ng of 49-83 residues. A 



highly conserved structural feature in these peptides is the 

tripeptide unit Arg-Gly-Asp (see Fig. 18B), a sequence that 

appears in a variety of adhesive protein ligands, such as 
I 

fibronectin, vitronectin, fibrinogen, and von Willebrand factor, 

and contributes to their interaction with specific membrane 

receptors, called integrins (33, 34). These peptides, now known 

as the disintegrin family (35) are competitive inhibitors of 

fibrinogen and von Willebrand factor binding to the activated 

platelet membrane integrin, glycoprotein IIb/IIIa (GPIIb/IIIa) 

complex (16, 17). Trigramin is about 500 times more potent than a 

tetra- or hexapeptide containing Arg-Gly-Asp-sequence in 

inhibiting the binding of fibrinogen to the GPIIb/IIIa (16). It 

has also been reported that HR1B is a potent inhibitor of platelet 

aggregation (14). Here, we propose the structural elements for 

this activity based on the sequence similality. As shown in Fig. 

18B, the cysteine-rich middle portion (residues 204-300) following 

the metalloproteinase domain of HR1B has a close similarity to the 

disintegrins. The sequence similarity of HRlB is scored 54 % for 

trigramin, 34% for echistatin, 57 % for applaggin, and 60 % for 

bitistatin. Bitistatin most closely resembles the cysteine-rich 

middle portion of HR1B, in terms of not only the highest degree of 

sequence identity but also in other respects. Bitistatin is the 

largest disintegrin (83 residues) to have been isolated and the 

amino-terminal 10 residues unique to bitistatin are identical to 

the corresponding residues of HRlB, except for the conservative 

substitution of Leu to Ile. Two cysteine residues at posit ions 

214 and 233 in HR1B are also present in bitistatin, but not in 

other disintegrins. It is noteworthy, however, that HRlB has one 
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addi tional unique cys t e ine residue at position 276 not present in 

bitistatin. 

The disintegrins b i nd to the GPIIb/IIIa complex through the 

Arg-Gly-Asp-sequence (16, 17). Howe v er , the Arg-Gly-Asp-sequence 

is absent in the HR1B molecule and is r eplaced by Glu-Ser-Glu-Cys 

(Fig. 18B). Several lines of evidence sugges t that p late let 

aggregation inhibitory activity resides withi n the d i s i ntegrin­

like domain of HR1B, despite the absence of the Ar g- Gl y-Asp­

sequence. First, it is suggested that a parti cu l a r c onf ormatio n 

of disintegrin is a prerequis i te f o r its b ind ing t o the GPIIb/ IIIa 

complex, since the chemically reduced sample does no t inhib it 

fibrinogen and von Willebrand factor binding to activat ed 

platelets (16, 17, 29). Second, in experiments us i ng synthetic 

analogues of echistatin, it was noted that the Arg r esidue in the 

Arg-Gly-Asp-sequence plays a less important role in the binding of 

echistatin to activated platelets than does that of the Arg-Gly­

Asp-containing tetrapeptide (29). Finally, the 

tyrosylpentadecapeptide (Tyr-Gly-Gln~His-His-Leu-Gly-Gly-Ala-Lys­

Gln-Ala-Gly-Asp-Val) corresponding to the carboxyl-terminal 

sequence of the fibrinogen y chain blocks fibrinogen binding and 

trigramin binding to platelets (16), thereby suggesting that the 

Arg-Gly-Asp-sequence present in the snake venom disintegrin fami l y 

is not the only sequence binding to platelets. It remains to be 

determined which structural segment of HR1B is essential for the 

inhibition of platelet aggregation. Synthetic fragments or 

fragments derived from native HR1B should prove useful in such 

cases. A peptide termed CM-2 has been isolated from crude venom 

used for the source of bitistatin (36). CM-2 shows s equence 

identity to disintegrin and interestingly has the sequence of Ar g-



Gl y-Asn in place of ~he Arg-Gly-Asp-sequence of disintegrin. Its 

platelet aggregat i on inhibitory activity has not yet been 

documented. 

It is also of interest that the sequence of the disintegrin­

like domain, including the ami no-terminal part o f the unknown 

cysteine-rich region in HR1B, shows a we a k but sta tistica lly 

significant similarity to part of the sequence o f huma n von 

Willebrand factor (Fig. 19). Residues 2 13-336 o f HR 1B s how 30 % 

identity to residues 1543-1 656 of von Willebrand factor , f o r which 

the probability is less than 1 .5 x 10- 6 that t he sequence 

similarity arose by chance. The von Willebrand factor 

participates in the initial reactions of hemos t a sis by me d iating 

the adhesion of platelets to the subendothelium as wel l as the 

aggregation of platelets at the sites of vascular injur y (37). 

Therefore, these structural similarities may be important in 

discerning the hemorrhagic function of HR1B, since both proteins 

have the same targets, e.g. platelets and the subendothelium. 

Trigramin has been noted to inhi bit the adhesion of mel ahoma 

cells to fibronectin (38). In this regard, the dis i ntegin-like 

domain of HR1B may be important in localizing the HR1B molecule t o 

the peripheral blood vessel, especially to integr ins located in 

the basement membrane attachment site of the endothelial cel ls, 

when the metalloproteinase .domain of HR1B degrades the basement 

membrane. This localization of HR1B to the subendot hel i um, i n 

addition to its platelet aggregation inhibitory activi ty, may be 

one reason why HR1B expresses 10 t i mes h i gher hemorrhagi c activity 

than does HR2a (13). 

The carboxyl-terminal r eg i on ( r es i dues 30 1-4 16) o f HR1B 

contains numerous cysteine r es i dues and t wo s ugar chains (Fi g. 



l BB)· This r e gion is unique and not homologous to any known 

pr otei n sequence. It seems likely that this region may also play 

an important role i n inh ibiting platelet aggregation and the cell 

adhesion inhibitory act i v ities o f HRlB, since the sequence Gln­

Glu-Asp-Val (positions 360-363) found in this region resembles the 

Arg-Glu-Asp-Val-sequence cor respond ing to t he second cell 

attachment site in fibronectin (39). 

The well known matrix-degrading met a l lopr o teinases a re 

members of the collagenase f amily . They h a ve large noncatalytic 

hemopexin-like segments attached t o t he carboxyl-terminal ends of 

the metalloproteinase domains (40 - 4 5 ), as noted with human 

interstitial collagenase (40), human stromelysin (4 1 , 42 ), and rat 

strornelysin (transin (43)). Type IV collagenase (gelatinase ) 

additionally contains a f i bronectin-like collagen b i ndi ng domain 

(45). However, in comparison with these mosaic proteinases, there 

is no significant structural similarlity to HRlB. Further 

experiments are required to deterrnin~ whether the noncatalyti c 

segment of HRlB is essential for the biological function of this 

enzyme, and/or for regulating proteolytic activity. 
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Table I 

l\mino acid composition of HR1B 

Amino acid Analysis a 
Sequence 

Residues/molecule 

Asp 53.5 28 
l\sn 

b 
26 

Thr 18.8b 19 
Ser 26.5 28 
Glu 39.1 22 
Gln 17 
Pro 16.8 20 
Gly 27.4 26 
Ala 22.0 21 

1/2 Cys c 35 34.3d 
Val 22.8 23 
Met 6.2d 7 
Ile 20.5 23 
Leu 25.0 25 
Tyr 19.4 21 
Phe 15.2 15 
Lys 26.2 27 
His 13.0 13 
Trp 2.9e 4 
Arg 15.9 16 

f GlcNII 2 + 

Total 416 

aAverage values obtained from 24, 48, 
band 72 h hydrolyses with 5.7 N HCl. 

Extrapolated values to zero time. 
cDetermined as cysteic acid after 
dperformic acid oxidation. 

Taken from 72 h hydrolysis. 
eObtained from 24 h hydrolysis with 3N 
fmercaptoethanesulfonic acid. 
Glucosamine. 
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Table II 

Amino acid compositions of cyanogen bromide peptides derived from Pe-HR1Ba 

Amino 
M1 M2 MJ M3-4-5 M4-5 M5 M5-DP M6 M7 M7 I H7" 

acid 

-- Residues/molecule --

Asp 13. 1 ( 13) 3. 2 ( 3) 2.9 ( 3) 21.2 (19) 16.9 (16) 16.0 (16) 17.5 (15) 14.1 (14) 5. 0 ( 5) 5. 1 ( 5) 4. 9 ( 5) 
Thr 7.5 ( 8) 1.1 ( 1) 0.9 ( 1) 7. 2 ( 8) 6. 4 ( 7) 6. 3 ( 7) 6.4 ( 7) 1. 0 ( 1) 1. 0 ( 1) 1. 2 ( 1) 0. 9 ( 1 ) 
Ser 6. 6 ( 7) 2. 0 ( 2) 1. 3 ( 1) 13. 2 (15) 11.8 (14) 11.0 (13) 10.4 ( 12) 1. 9 ( 2) 1. 1 ( 1) 1. 2 ( 1) 1. 6 ( 2) 

Glu 9. 4 ( 9) 2. 2 ( 2) 19.6 (19) 19.5 (19) 18.5 (19) 18.8 (19) 7. 3 ( 7) 2. 2 ( 2) 2. 0 ( 2) 2. 0 ( 2) 
Pro 2. 2 ( 2) 2 ~ 1 ( 2) 2. 3 ( 2) 14.1 (14) 10.8 (12) 10.7 (11) 10.5 (11) 2. 2 ( 2) 
Gly 5. 4 ( 5) 1.4 ( 1) 4. 7 ( 5) 13.4 ( 14) 9. 5 ( 9) 9. 7 ( 9) 10. 8 ( 9) 4. 3 ( 4) 2. 2 ( 2) 2. 1 ( 2) 1. 9 ( 2 J 
Ala 5. 9 ( 6) 1. 1 ( 1) 9. 3 ( 9) 9. 1 ( 9) 8. 7 ( 9) 9. 0 ( 9) 3. 2 ( 3) 2. 0 ( 2) 2. 1 ( 2 J l. 9 ( 2) 

Valb . 8. 8 ( 9) 4. 7 ( 5) 0. 5 ( 0) 3. 9 ( 3) 4. 0 ( 3) 3. 2 ( 3) 3. 2 ( 3) 2. 3 ( 2) 4. 1 ( 4 ) 4. 0 ( 4) 3. 8 ( 4 J 
Met 0. 6 ( 1) l. 6 ( 2 J 0.8 ( 1) 1.9 ( 3) 0. 8 ( 2) 1.1 ( 1 J 0. 7 ( 1) 0. 6 ( 1) 
Ile 11.2 (12) 2. 7 ( 3) 1.8 ( 2) 6. 5 ( 7) 4. 5 ( 5) 4. 4 ( 5) 4. 2 ( 4 ) 1. 0 ( 1) 
Leu 12.8 ( 13) 1. 2 ( 1 J 1.1 ( 1) 9. 7 ( 8) 7. 2 ( 7) 7.1 ( 7) - 7. 2 ( 7) 3. 0 ( 3) 
Tyr 4. 9 ( 5) 1. 1 ( 1) 7. 3 ( 6) 6. 3 ( 6) 6.1 ( 6) 7. 1 ( 6) 7. 8 ( 8) 1. 0 ( 1) 0. 8 ( 1) 
Phe 3. 0 ( 3) 1. 1 ( 1) 6. 8 ( 5) 4. 8 ( 4) 4. 6 ( 4) 5. 5 ( 4 ) 6. 8 ( 7) 
Lys 8. 9 ( 9) 1. 1 ( 1) 8. 1 ( 6) 6. 6 ( 6) 6. 2 ( 6) 6. 9 ( 6) 8. 0 ( 8) 2. 0 ( 2) 3. 0 ( 3) 2. 6 ( 3) 
His 3.6d( 4) 0. 8 ( 1) 1.8 ( 2) 4. 5 ( 6) 3. 8 ( 4) 3. 3 ( 4) 3. 5 ( 4 ) 0. 8 ( 1 J 1. 1 ( 1 J 1.1 ( 1) l. 0 ( 1) 

Trpc n.d. ( J) n. d. ( 1) n.d. ( 1) n.d. ( 1 J n.d. ( 1) 
Pee l. 1 ( 1) 0. 9 ( 1) 2. 6 ( J) 18.7 (23) 17.8 (20) 17.3 (20) 17.7 (20) 6. 5 ( 7) 2. 7 ( 3 J 2. 4 ( 3) 2. 4 ( J) 

Arg 7. 0 ( 7) 1.1 ( 1) 3. 7 ( 5) 4. 9 ( 5) 4. 8 ( 5) 5. 0 ( 5) 2. 0 ( 2) 1. 0 ( 1) l. 0 ( 1) 1. 0 ( 1) 

e 
GlcNH

2 + + + + + + 

Total 117 28 22 171 149 14 6 143 73 24 26 27 

Position 1-117 118-145 146-167 146-316 168-316 171-316 174-316 317-389 390-413 390-415 390-416 

Yield (%) 44 24 48 6 6 23 8 54 27 16 5 

aValues in parentheses aredfrom the sequence data. bDetermined as homoserin e plus homoserine lactone. 
c~-pyridylethylcysteine. Not determined. eGlucosamine. 



Table III 

Summary of amin o acid sequences of fragments derived from HRlO 

No. Amino Yield of PTH amino acid 
acid pmol 

1 Glu 
2 Gln 31.411Rl8 
3 Arg 1.2M1Kl 3. 0 PG 
4 Phe 8 6. 7 PG 38.2 
5 Pro 34.0 26.6 
6 Arg 1. 6 3.3 
7 Arg 4. 0 7. 2 
8 Tyr 14. 5 11.0 
9 Ile 2 7. 5 3 2. 2 

10 Lys 16. 8 21. 6 
12 Leu 94.4MlK2 31.9 
12 Ala 91. 3 19. 5 
12 Ile 7 4. 4 34.6 
14 Val 86.2 2 4 . 6 
15 Val 98.0 40.5 
16 Asp 38.0 49.0M1D2 25.8 
17 His 18. 8 13. 1 3.3 
18 Gly 56.5 71.8 33.3 
19 Ile 51. 4 71. 1 37.0 
20 Val 54.0 63.0 2 5. 3 
21 Thr 14.6 30. 1 21.0 
22 Lys 6. 1 37.3 20.5 
23 His 5.5M1K3 12. 6 2. 7 
24 His 3. 7 16. 5 3. 1 
25 Gly 70.1 38.4 
26 Asn 54.1 27.6 
27 Leu 86.8 3 9. 3 
28 Lys 35.3 15. 2 
29 Lys 23.0 
30 Ile 38.0 
31 Arg 10.6 
32 Lys 12. 8 
33 Trp 100.4MlK4 10. 8 
34 Ile 176.5 29.3 
35 Tyr 81. 8 16. 9 
36 Gln 49.6 16. 8 
37 Leu 64.5 24.6 
38 Val 79.9 15. 4 
39 Asn 79.7 13.7 
40 Thr 39. 1 6. 4 
4 1 Ile 70.5 17. 1 
42 Asn 72.5 15. 3 
43 Asn 134.4 19.6 
44 Ile 94.6 17.9 
45 Tyr 61.2 8. 5 
46 Arg 2 5. 4 9.9 
47 Ser 14. 4 2. 6 
48 Leu 39.8 10.2 
49 Asn 3 3. 7 9. 1 
50 Ile 27.8 10.5 
51 Leu 35.8 10. 7 
52 Val 10. 1 6.3 
53 Ala 20.2 6. 1 
54 Leu 27.0 10. 3 
55 Val 16.2 6. 7 
56 Tyr 12.4 4. 0 
57 Leu 21. 7 10.2 
58 Glu 6. 9 1.4 
59 Ile 11. 5 7. 9 
60 Trp 9.0 
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TCJble I I I 
( c ontinued - !) 

No. Amino Yield of PTfl amino acid 
acid pmol 

61 Ser 3.9(M1K4) 1. 7 ( MlD2 ) 73 . 1MlW1 
62 Lys 1 . 2 1 0 5 . 1 
63 Gln 2. 6 14 6. 6 
64 Asn 4. 3 1 28 . 3 
65 Lys 1. 4 1 3 5. 2 
66 Ile 97.7M1K5 1.0 1 78 . 4 
67 Thr 26.7 1. 1 8 6 . 6 
n8 Val 67.9 3. 6 96. 6 
n9 Gln 4 7. 4 112.3 
70 Ser 7. 0 35.9 
71 Ala 70.9 88.9 
72 Ser 10. 5 3 3 .7 
73 Asn 
74 Val 4 2. 7 39 .4 
75 Thr 12.0 4 2. 1, 
76 Leu 8 5. 2 71. 8 
77 Asp 19. 1 3 1. 0 
78 Leu 78.3 63 . 9 
79 Phe 27.0 55 .1 
80 Gly 3 5. 1 4 7 . 9 
81 Asp 542.0MlD4 13.2 
82 Trp 9. 8 242.0 
83 Arg 2 7. 2 
84 Glu 6. 9 278.7 
85 Ser 212. 3 
86 Val 6. 6 509.2 
87 Leu 19. 9 516. 1 
88 Leu 2 4. 5 755.6 
89 Lys 388.4 
90 Gln 24.3MlK6 413.9 
91 Arg 9.4 239.9 
92 Ser 7. 6 14 2. 3 71.9ST2 
93 His 4.3 9.2 
94 Asp 12. 6 94.9MlD 5 49.9 
95 Pee n. d. n. d. n. d. 
96 Ala 13. 2 230.6 15 6. 7 
97 Gln 18. 5 168.9 100.7 
98 Leu 20.6 162.4 105.7 
99 Leu 32.6 17 9. 9 167.0 

100 Thr 2. 6 2 6. 2 73.0 
101 Thr 3.5 3 3. 9 59.8 
102 ·r le 11. 1 30. 1 92.5 
103 Asp 4. 4 2 6. 1 
104 Phe 5. 6 80.0 
105 Asp 4. 9 57.9M1D6 47.9 
106 Gly 9. 2 65.6 70.6 
107 Pro 3.0 52.9 52.9 
108 Thr 1. 5 9. 6 30.3 
109 Ile 7. 7 29.4 51. 7 
110 Gly 3.0 38.7 48.2 
111 Lys 0. 5 28.9 
112 Ala 504.9MlK7 48.6 5 4.0 
113 Tyr 205.0 25.8 28.6 
115 Thr 113. 9 1. 4 28.9 
115 Ala 436.4 3 7. 8 40.2 
116 Ser 48.6 4.8 19. 3 
117 Met n .d. a) 24.0 
118 Pee 468.5M2 n.d. 
119 Asp 21S5.2 18.8 
120 Pro 4 6 8. 7 4 6. 2 
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T<1ble I l I 
( c ont i nued -2) 

No. /\mino Yield of PTH amin o acid 
acid prnol 

121 Lys 611 . 9(M2) 
122 Arg 102.8 
123 Ser 88.9 35.9Rl 
124 Val 544 .1 14 4. 3 
125 Gly 411.9 14 1 . 7 
126 Ile 386.9 147.5 
127 Val 526.5 133.4 
128 Gln 297.7 110. 8 
129 Asp 173.4 50 . J 
130 Tyr 304.4 72.2 
131 Ser 3 5. 3 19 . 5 
132 Pro 1 21\ • 2 6 J. 8 
133 Ile 100. 2 6 5. l 
134 1\sn 70.0 4 4. 0 
135 Leu 181 . 0 99. l 
136 Val 7 4 . 1 4 7. 1\ 
137 Val 11 3 . 2 70.6 
138 Ala 50. 1 51.0 
139 Val 78.2 55.3 
140 Ile 4 1. 6 49.6 
141 Met n.d.a) 35 . 1 
14 2 Thr 2 3. 5 9 . 6 
14 3 His 9.0 7. 3 
144 Glu 7. 9 19.7 
14 5 Met 15.0 
116 Gly J17;6M3 183.1M3 - 4 - 5 31.3 
14 7 His 45.3 11. 0 5. 2 
148 Asn 365.9 127.6 19.3 
14 9 Leu 972.5 213.4 32.3 
150 Gly 603.3 182.3 18.0 
151 Ile 619.9 215. 2 20.9 
152 Pro 179.0 98.8 22.5 
153 His 45.4 12. 9 3. 9 
154 Asp 9 8. 1 6 2. 1 
155 Gly 226.9 81.6 
156 Asn 73.6 30.6 
157 Ser 29.5 61.3 
158 Pee n.d. n.d. 
159 Thr 42.1 4 5. 1 
160 Pee n.d. n.d. 
161 Gly 99.8 75.5 
162 Gly 110. 2 94.4 
163 Phe 58.9 90.6 
164 Pro 39.5 64.3 
165 Pee n.d. n. d. 
166 Ile 28.2 51. 7 
167 Met n.d.a) 
168 Ser 12.4M4-5 28.3 
169 Pro 95.0 84.5 
170 Met 25.5 
171 Ile 40.4 208.8MS 
172 Ser 10.4 53. 1 
173 Asp 17. 2 119. 1 
174 Pro 49.8 62.4MS-DP141.9 
175 Pro 4 7. 7 4 9. 5 155.6 
176 Ser 3. 5 8. 1 22.7 
177 Glu 58.6MSD1 13.3 40.2 54.3 
178 Leu 328.7 25.9 52.0 148.9 
179 Phe 235.0 21.0 48.7 68.3 
180 Ser 21.2 9.6 5.6 12.5 



Table II I 
( co ntinued - ]) 

No. Am i no Yield of PTH amino acid 
acid pmol 

181 Asn - ( M5D1 ) - (M4-5) - (M5-DP) - (M5) 
182 Pee n.d. n . d. n. d . n . d. 
183 Ser 20. 2 4 . 3 11.8 7. 5 
184 Lys 139.5 1 1 . 6 4 6 . 6 30 . 6 
185 Ala 468.8M5K1 68.7 2 3. 8 3 8. 8 42.0 
186 Tyr 312.5 68.5 13. 6 2 6 . 1 4 1 . 6 
187 Tyr 368.4 4 6. 1 14 . 1 4 1 . 2 3 8 .5 
188 Gln 300.8 1 5 . 1 22 . 6 3 9 . 7 
189 Th r 229.4 7 , 9 I 12 . 2 7.3 
190 Phe 262.2 15. 3 2 l. 3 4 2 . 5 
191 Leu 237.8 26 . 8 3t1 . 5 67 . 3 
192 Thr 15 7. 2 4. 5 G. 2 
193 Asp 138.6 572.6K503 25.0 12. 9 
194 His 118. 8 20 4. 0 5.0 5.2 
195 Lys 79.0 6 8 9 . 0 18.6 14. 6 
196 Pro 384.0 9. 0 30.1 
197 Gln 264. 5 12. 1 12.4 
198 Pee n. d . n. d. n.d. 
199 Ile 40 5 .1 7. 2 16 . 8 
200 Leu 672.3 8 . 6 2 9. 1 
201 Asn 202.9 11. 9 8 . 9 
202 Ala 549.6 11. 1 2 1 .7 
203 Pro 256.2 1 2 . 2 2 8. 0 
204 Ser 40.5 2.7 2 .3 
205 Lys 209.1 3.3 5 . 8 
206 Thr 13.2M5K3 17.0 2. 2 3. 3 
207 Asp 23.7 6.1 12.3 
208 Ile 125.6 5. 7 10.0 
209 Val 80.5 3. 1 9.4 
210 Ser 16.8 2.0 2. 6 
211 Pro 80.5 7. 4 22.8 
212 Pro 8 5. 1 7. 2 22.5 
213 Val 47.9 3. 3 10. 1 
214 Pee 32.6 n. d . n. d . 
215 Gly 4 7. 3 8. 3 1 3 .6 
216 1\sn 33.8 4.6 
217 Glu 25.3 6. 8 
218 Leu 96.4 2.5 
219 Leu 164.0 3. 6 
220 Glu 2 7. 8 
221 Ala 34.2 
222 Gly 33.7 
223 Glu 2 3. 8 91. 5M5D5 
224 Glu 3 2. 3 14 6. 1 
225 Pee 14. 1 n.d. 
226 Asp 12. 4 1 5 0.0M 5D6 
227 Pee 21.0 n. d . 
228 Gly 21.9 18 5 .0 
229 Ser 3. 0 38.4 
230 Pro 12. 1 13 5 . 9 
231 Glu 7. 3 79.6 
232 Asn 6. 6 74.3 
233 Pee 6. 5 n.d. 
234 Gln 7. 0 82.9 
235 Tyr 4. 3 73.7 
236 Gln 14. 8 99 .2 
237 Pee 9.8 n. d . 
238 Pee 10.0 n. d . 
239 Asp 3. 9 8 2. 3t-15 07 
240 Ala 6. 3 340 .4 



Table 111 
(continued - 4) 

No. Amino Yield of PTH amino acid 
acid pmol 

2 4 1 Ala 12.7 (M5K3)328. 8 ( M5 D7) 
242 Ser 0.9 14.6 
243 Pee 4. 5 n.d. 
244 Lys 1.0 174.1 
24 5 Leu 706.2M5K4 312. 2 
246 His 66.4 30.9 
24 7 Ser 61.9 10.3 
2 4 8 Trp 257.5 52.L1 
249 Val 263.3 80.5 
250 Lys 152.6 54.8 
251 Pee 59.6M5K5 n.d. 
252 Glu 4 8. 6 16.8 
253 Ser 13. 5 G. 7 
254 Gly 6 8. 4 
255 Glu 39.3 
256 Pee 101.3 
257 Pee 100.3 
258 Asp 40.6 55.1M5D8 
259 Gln 36.9 170.6 
260 Pee 74.0 17 6. 2 
261 Arg 26.7 30.8 
262 Phe 56.6 326.2 1743.7ST3 
263 Arg 31. 9 79.0 15 2. 6 
264 Thr 9. 1 18 7. 3 927.4 
265 Ala 36.7 334.6 1741.9 
266 Gly 29.0 215. 2 1359.2 
267 Thr 6.9 14 0. 1 824.5 
268 Glu 18. 5 14 6. 1 697.9 
269 Pee 34.3 220.6 n.d. 
270 Arg 11. 9 72.3 41. 2 
271 Ala 14. 1 12 5. 2 810.9ST4 372.2ST4-5 
272 Ala 26.6 80.5 764.1 358.2 
273 Glu 13.0 290.1 14 1. 1 
274 Ser 3. 0 185.8 60.4 
275 Glu 9. 7 298.3 130.6 
276 Pee 15. 9 n.d. 195.8 
277 Asp 9. 4 162.5fv15010 171.3 91.7 
278 Ile 8. 2 253.8 380.4 205.9 
279 Pro 8. 5 200.0 2 2 4. 6 104.5 
280 Glu 4.3 106.6 141.6 79.8 
281 Ser 1. 0 3 5. 3 81.0 3 2. 2 
282 Pee 7. 4 n .d. n.d. 64. 8 
283 Thr 51.9 115. 8 54.2 
284 Gly 6. 4 114.8 134.4 94.1 
285 Gln 3. 3 89.8 122.9 60.1 
286 Ser 0.8 2 4. 3 50.9 29.8 
287 Ala 3. 8 2 7. 1 106.8 80.8 
288 Asp 51.0 37.3 

289 Pee 3.3 n.d. 54.6 

290 Pro 3. 4 50.2 44.8 

291 Thr 31. 5 19.2 

292 Asp 11.7M5012 3 2. 6 38.2 

293 Arg 2 5. 9 16. 6 9. 6 
294 Phe 58.7 37.7 41.9 

295 His 3. 8 4. 0 4. 8 
296 Arg 10.7 16.5 15.5 
297 Asn 22.G 27.6S T 5 
298 Gly 38.8 7 1. 8 
299 Gln 35.4 58. 6 
300 Pro 17. 0 58. 1 24.4 



Table III 
(continued-5) 

No. Amino Yield of PTH amino acid 
acid pmol 

301 Pee n . d . ( t'-15 D 1 2 ) 59.8(ST5) - (ST4-5) 
302 Leu 62.2 6 J . 9 12.7 
303 Tyr 2 5. 7 34.5 15. 7 
304 Asn 20.8 3 7. 3 
305 His 6. 1 2.8 
306 Gly 34.2 39 . 8 
307 Tyr 16.7 24 . 9 
308 Pee n.d. 2 7. 1 
309 Tyr 16. 3 3 3 . 6 
310 Asn 7. 6 12.3 
311 Gly 11.9 3 3. 1 
312 Lys 6.8 
313 Pee 321.0M5K6 2 2. 2 
314 Pro 244.9 9 . 5 
315 Ile 210.8 7.9 
316 Met n.d.a) 2. 2 
317 Phe 798.5M6K1 276.0 M6 13.6 
318 Tyr 604.9 91.0 8.2 
319 Gln 381.8 18 6. 1 6 .9 
320 Pee 290.2 n.d. 18.2 
321 Tyr 579.0 14 3. 1 
322 Phe 571.7 201.4 14. 9 
323 Leu 540.7 17 0. 1 11. 9 
324 Phe 540.0 2 2 5. 1 
325 Gly 420.9 134.3 14. 9 
326 Ser 139.9 30.8 
327 Asn 
328 Ala 297.2 215.3 
329 Thr 2 2 5. 1 40.3 
330 Val 265.9 124.3 
331 Ala 2 9 2. 1 101.4 
332 Glu 120.9 68. 7 
333 Asp 63.7 45.5M6D2 7. 1 
334 Asp 12 7. 9 66.7 7. 3 
335 Pee 95.4 72.2 n.d. 
336 Phe 93.9 13 2. 8 29.7 
337 Asn 110. 7 8 6. 3 77.7 
338 Asn 12 2. 1 70.0 86.4 
33'::1 Asn 146.5 75.6 31.0 
340 Lys 16.9 89.2 69.8 
341 Lys 85.0 60.6 
342 Gly 16. 5 25.6 
343 Asp 8. 1 
344 Lys 57. 0 
345 Tyr 487.4M6K2 31. 1 
346 Phe 622.5 4 9. 7 
347 Tyr 467.4 2 4. 1 
348 Pee n.d. n.d. 
349 Arg 191. 9 47.9 
350 Lys 328.2 21.8 
351 G1u 8.3 
352 Asn 12. 2 
353 Glu 8.4 
354 Lys 29.5 
355 Tyr 121.8M6K3 15.1 
356 Ile 149.8 17. 5 
357 Pro 136.8 2 4. 6 
358 Pee n.d. n. d. 
359 Ala 118.3 14. 5 
360 Gln 90.6 14 . 6 



(continued-G) 

No. Amino 
acid 

361 Glu 5 2 . 7 ( t-1 6 K 3 ) 
362 Asp ~5.0 

363 Val 68.3 
364 Lys 127.9 
365 Pee n.d.M6K4 
366 Gly 440.7 
367 Arg 157.7 
368 Leu 451.1 
369 Phe 459.6 
370 Pee n.d. 

Table III 

Yield of PTII amino acid 
pmol 

9. 1 ( M6) 
4. 8 
7. 1 
6. 8 

n.d. 
8.8 

16. 5 
3. 1 

n.d. 
371 Asp 172.3 14 7. 4tvi6D6 
372 1\sn 217.5 2 4 4 . 1 
373 Lys 158.6 350.8 
374 Lys 312.9M6K5 375.6 
375 Tyr 291.9 259.6 
376 Pro 352.7 287.2 
377 Pee n.d. n.d. 
378 His 50.4 60.4 
379 Tyr 259.0 9 7. 6 
380 Asn 
381 Tyr 240.7 18 6. 2 
382 Ser 4 5. 7 31.9 
383 Glu 129.8 30.7 
384 Asp 105.7 
385 Leu 316.8 
386 1\sp 132.4 
387 Phe 148.3 
388 Gly 109.9 
389 Met n.d.a) 
390 Val 574.9M7 379.4M7' 466.1M7" 
391 Asp 6 3. 6 194.8 139.9 
392 His 2 4. 1 45.4 29.2 
393 Gly 255.3 179.8 156.3 
394 Thr 4 4. 0 27.4 123.6 
395 Lys 132.3 149.9 214.8 
396 Pee n.d. 168.5 133.9 
397 Ala 13 2. 3 141.5 244.6 
398 Asp 51.9 8 7. 7 45.7 
399 Gly 104.0 I 105.8 104.9 
400 Lys 130.7 9 5. 4 107.9 
401 Val 156.4 92.5 139.0 
402 Pee n. d. 12 7. 5 113.0 
403 Ser 18. 2 19. 2 41. 6 
4 04 Asn 57.8 52. 2 91.0 
405 Arg 3 3. 7 4 3. 2 24.6 
406 Gln 64. 2 52.4 92.4 
407 Pee n.d. 71. 8 86.5 
408 Val 106.8 4 3. 2 51.6 
409 Asp 35.3 3 9. 2 2 2. 9 
410 Val 93.5 55.3 63.6 
411 Asn 3 6. 1 38.7 39.3 
412 Glu 22.8 2 8. 2 39.1 
413 1\la 12.5 37.9 54.8 
414 Tyr 2 6. 7 36.3 
415 Lys 7. 7 27.7 
416 Ser 9. 9 

n. d.: not quantitatively determined. not identified . 
homoserine. The peptide nomenclature is described under 
Methods" and "Results". 

453.3ST6 
448.8 
n.d. 
8 7. 3 

18 2. 0 

228.-1 
191. 1 
n.d. 
17. 1 

12 2. 2 

176.8 
53 .4 
56.3 
52.9 
84.4 
7 8. 1 
71. 2 
58.0 
40.5 
57.1 
41.9 

5. 6 
30.7 
41.0 

n.d. 
14. 0 
10.6 
2 4. 4 

11.0 
n.d. 

5.4 
5. 9 
1. 7 

aidentified as 
"Materials and 



Table IV 

Amino acid compositions of lysyl endopeptidase peptides derived from M1a 

Amino acid M1K1 

Asp 
Glu 1.9 (2) 
Ser 
Gly 
Hi s 
Arg 3. 1 ( 3) 
Thr 
Ala 
Pro 1.0 (1) 
Ty r 0.8 (1) 
Valb 
Met 

c Pee 
Ile 1.0 (1) 
Leu 
Phe 1 .0 (1) 
Trp 
Lys 0.8 (1 ) 

e GlcNH
2 

Total 10 

Pos i t io n 1- 10 

Yi eld ( % ) 13 

M1K1 PG 

3. 2 ( 3) 

1. 0 ( 1) 
1. 0 ( 1) 

1.0 (1) 

1.0 (1) 

1.0 (1) 

8 

3-10 

n.d. 

M1K2 

1.0 (1) 

1 . 3 ( 1 ) 
0. 9 ( 1) 

0.9 (1) 
1. 0 ( 1 ) 

1.8 (3 ) 

1.2 (2) 
1.0 (1) 

0.9 ( 1) 

12 

11-22 

1 1 

M1K3 M1K4 

Residues/molecule 

1.3 (1) 4.6 (4) 
2. 2 ( 2) 
2.5 (2) 

1 . 2 ( 1 ) 
2.2 (2) 

1.4 (1) 
1. 2 ( 1 ) 
0.7 ( 1) 

2. 6 ( 3 ) 
1. 9 ( 3 ) 

4. 2 ( 5 ) 
0.8 (1) 3. 9 ( 5 ) 

d n.d. (2) 
0.9 ( 1) 1. 2 (1) 

6 30 

23-28 33-62 

1 1 7 

M1K5 

2.4 (3) 
1.9 (2) 
3. 1 ( 3) 
1. 6 (1) 

1 . 0 ( 1) 
1. 7 ( 2 ) 

1 . 0 ( 1) 
0 . 5 ( 0 ) 

1.6 (3) 

0 . 8 (1) 
2 . 4 ( 4) 
0. 7 ( 1) 
n.d . (1) 
0 . 7 ( 1) 

+ 

24 

66-89 

7 

M1K6 

3.1 (3) 
2. 0 ( 2) 
1.0 (1) 
2. 1 (2) 
1.0 (1) 
1.1 (1) 
2. 7 ( 3) 
1. 1 ( 1 ) 
1.2 ( 1) 

0.8 (1) 
1.8 ( 2 ) 
2. 1 (2) 
1 . 0 (1) 

0 . 8 (1) 

22 

90 - 111 

8 

M1K6' 

2.7 (3) 
1. 9 ( 2) 

M1K7 

1. 1 (1 ) 1 . 0 (1) 
2.0 ( 2 ) 
1.0 (1) 
1 . 0 (1) 
2. 3 (3) 1.0 (1) 
1 . 0 (1) 2 . 2 (2) 
1 . 1 ( 1) 

0 . 9 (1) 
1.8 (2) 
1 . 9 ( 2) 
1.0 (1) 

0 . 9 (1) 

0 . 9 ( 1) 

0. 8 ( 1) 

22 6 

90-111 112-117 

22 25 

aVe lues ~n paren t hesescare f~om t h e sequence data . b~eterm~ned asehomoseri~e plus 
homoserlne lac tone. ~- pyrldy le thy lcys t e in e. Not aetermlned . Glucosamlne. 



Table v - i 

Amino acid compositions of endoproteinase Asp-N peptides derived from Mla 

Amino 
acid M1D1 M1D2 M1D3 M1D4 M1D5 M1D6 

residues/molecule 

Asp 5.9 ( 8 ) 1.0 ( 1 ) 1.4 ( 1 ) 0. 9 ( 1 ) 1.0 ( 1 ) 
Glu 1.7 ( 2 ) 4.4 ( 4 ) 2.4 ( 2 ) 1. 0 ( 1 ) 
Ser 4. 5 ( 4 ) 1. 8 ( 2 ) 0.9 ( 1 ) 
Gly 3.3 ( 2 ) 1. 0 ( 1 ) 2.0 ( 2 ) 
His 2. 1 ( 3 ) 0.9 ( 1 ) 
Arg 1. 9 ( 3 ) 2.8 ( 2 ) 2.0 ( 2 ) 
Thr 0.5 ( 0 ) 3.4 ( 4 ) 1. 5 ( 2 ) 1. 7 ( 2 ) 
Ala 1.2 ( 1 ) 2.9 ( 2 ) 1. 2 ( 1 ) 2.4 ( 2 ) 
Pro 0.8 ( 1 ) 1. 1 ( 0 ) 0.9 ( 1 ) 
Tyr 0.9 ( 1 ) 2. 7 ( 3 ) 1. 0 ( 1 ) 
Valb 1. 6 ( 2 ) 6.4 ( 6 ) 0. 8 ( 1 ) 
Met 0.9 ( 1) c Pee - 0. 9 ( 1 ) 
Ile 1. 8 ( 2 ) 8. 7 ( 8 ) 1. 2 ( 1 ) 1.4 ( 1) 
Leu 1. 4 ( 1 ) 7. 9 ( 7 ) 1.0 ( 1 ) 1. 7 ( 2 ) 2. 3 ( 2 ) 
Phe 0.9 ( 1 ) 0.9d( 0 ) 1.0 ( 1 ) 
Trp n. d. ( 2 ) n. d. ( 1 ) 
Lys 0.8 ( 1 ) 5.2 ( 6 ) 1. 3 ( 1 ) 1.0 ( 1 ) e GlcNH

2 + 

Total 15 61 4 13 9 13 

Position 1-15 16-76 77-80 81-93 94-102 105-117 

Yield(%) 8 18 20 9 12 21 

aValues in parentheses are from the seguence data. bDetermined as 
dhomoserine plus homoserine lactone. S-pyridylethylcy steine. 

Not determined. eGlvcosamine. -



Table VI 

Amino acid compositions of lysyl endopeptidase peptides derived from MSa 

Amino MSK1 M5K2 M5K3 M5K4 M5KS M5K6 acid 

residues/molecule 

Asp 1. 1 ( 1 ) 1.0 ( 1 ) 5. 1 ( 5 ) 7.0 ( 7 ) 
Glu 1. 3 ( 1 ) 1.2 ( 1 ) 6.8 ( 7 ) 8. 5 ( 9 ) 
Ser 1.2 ( 1 ) 2.8 ( 3 ) 1.0 ( 1 ) 3.7 ( 4 ) 
Gly 3.2 ( 3 ) 5.7 ( 6 ) 
His 0.9 ( 1 ) 1.0 ( 1 ) 1. 8 ( 2 ) 
Arg 4. 7 ( 5 ) 
Thr 1.7 ( 2 ) 0.9 ( 1 ) 3. 7 ( 4 ) 
Ala 0.9 ( 1 ) 0.8 ( 1 ) 2.8 ( 3 ) 3. 9 ( 4 ) 
Pro 1.6 ( 2 ) 3. 2 ( 3 ) 3.3 ( 3 ) 0.9 ( 1 ) 
Tyr 1. 6 ( 2 ) 1.0 ( 1 ) 2. 9 ( 3 ) 
Valb 1. 6 ( 2 ) 1. 0 ( 1 ) 
Met 1.0 ( 1 ) 
Pee c 

1.0 ( 1 ) 6. 1 ( 7 ) 6.4 ( 10) 1.0 ( 1 ) 
Ile 0.7 ( 1 ) 0.4 ( 1) 1. 3 ( 1 ) 1. 1 ( 1 ) 
Leu 1. 0 ( 1 ) 0.9 ( 1 ) 2.0 ( 2 ) 1. 1 ( 1 ) 1. 4 ( 1 ) 
Phe 0.9 ( 1 ) 2. 0 ( 2 ) 

d Trp n. d. ( 1 ) 
Lys 0.9 ( 1 ) 1.0 ( 1 ) 1. 1 ( 1 ) 1.0 ( 1 ) 1. 5 ( 1) 

Total 11 10 39 6 62 4 

Position 185-195 196-205 206-244 245-250 251-312 313-316 

Yield(%) 45 72 34 37 7 33 

aValues in parentheses are from the seguence data. bDetermined as 
homoserine plus homoserine lactone. ~-pyridylethy1cysteine. 

dNot determined. 



Table VII 

Amino acid compositions of endoproteinase Asp-N peptides derived from M5a 

Amino M5D1 M5D2 M5D3 M5D4 M5D5 M5D6 M5D7 M5D8 acid 

residues/molecule 

Asp 1. 3 ( 1 ) 2.0 (2) 1.9 (2) 1.9 (2) 1.3 (1) · 1.0 (1) 
Glu 1. 1 ( 1 ) 1.2 (1) 1. 2 ( 1 ) 1.2 (1) 2.0 (2) 2.5 (3) 0.9 (1) 2.0 (2) 
Ser 1.8 ( 2 ) 1.0 (1) 1.1 (1) 1.4 ( 1 ) 2.2 (3) 
Gly 1. 1 ( 1 ) 1. 0 ( 1) 0.7 (1) 0.9 ( 1 ) 
His 1.0 ( 1 ) 0.8 (1) 
Arg 2.6 (3) 
Thr 1.8 (2) 0.9 ( 1 ) 1.6 (2) 
Ala 0.8 ( 1 ) 1.0 (1) 0.6 (0) 2.0 (2) 2.2 ( 3) 
Pro 1. 8 ( 2 ) 1.7 (2) 1. 3 ( 1 ) 
Tyr 1.4 ( 2 ) 1. 1 ( 1 ) 
Valb 

- 1. 7 ( 2) 0.7 (1) 
Met 
Pee c 

0.9 ( 1 ) 0.7 (1) 0. 1 ( 1 ) 1.0 (1) 2. 8 ( 4) 1.5 (2) 1. 9 ( 2) 
Ile 0.9 ( 1 ) 0.6 ( 1 ) 0.5 (0) 
Leu 1. 0 ( 1 ) 1. 1 ( 1 ) 1.0 (1) 2. 1 ( 2) 1.2 (1) 
Phe 0.7 ( 1 ) 1.1 (1) d 

0.8 ( 1 ) 
Trp n.d. (1) 
Lys 1. 1 ( 1 ) 1.7 (2) 1.7 (2) e GlcNH 2 + 

Total 11 5 14 13 3 13 16 15 

Position 177-187 188-192 193-206 207-219 223-225 226-238 239-254 258-272 

Yield(%) 6 19 19 27 43 26 11 30 

av 1 · b · 1 a ues ln parentheses are from the sequence data· Determined as homoserlne p us 
homoserine lactone. c~-pyridylethylcysteine. Not determined. eGlucosamine. 



Table VII 

(continued) 

Amino 
M509 MSD10 acid M5D11 MSD12 

residues/molecule 

Asp 1 . 1 ( 1 ) 1 . 1 ( 1 ) 3. 6 ( 4 ) 
Glu 0.9 ( 1 ) 1 . 7 ( 2 ) 1. 1 ( 1) 
Ser 1. 7 ( 2 ) 
Gly 1 . 1 ( 1 ) 2.5 ( 3) 
His 2.0 ( 2) 
Arg 2.0 ( 2 ) 
Thr 0. 8 ( 1 ) 1. 0 ( 1 ) 
Ala 0.9 ( 1 ) 
Pro 0.9 ( 1 ) 1. 0 ( 1 ) 2.0 ( 2) 
Tyr 2. 2 ( 3) 
Valb 

0. 8 Met ( 1 ) 
Pee c 

1. 1 ( 1 ) 0.6 ( 1 ) 0. 7 ( 1 ) 1. 7 ( 3) 
Ile 0.9 ( 1 ) 0.9 ( 1 ) 
Leu 1. 1 ( 1 ) 
Phe 0. 8 ( 1 ) 
Trp 
Lys 1. 1 ( 1 ) e GlcNH

2 

Total 2 11 4 25 

Position 275-276 277-287 288-291 292-316 

Yield(%) 75 12 26 6 



Table VIII 

Amino a cid compositions of lysyl endopeptidase 
peptide s d erived from M6a 

Amino acid 

Asp 
Glu 
Ser 
Gly 
His 
Arg 
Thr 
Ala 
Pro 
Tyr 
Valb 
Met 
Pecc 
Ile 
Leu 
Phe 
Trp 
Lys d 

GlcNH 2 

Total 

Position 

Yield (%) 

M6K1 M6K2 M6 K3 M6 K4 M6K5 

residues/molec ule 

5.6 (6) 
2.2 (2) 
1.0 (1) 
1.4 (1) 

1. 0 ( 1 ) 
2.1 (2) 

2.1 (2) 
1 . 1 ( 1 ) 

1. 6 ( 2) 

1 . 1 ( 1 ) 

1 . 0 ( 1 ) 

2. 0 ( 2) 

0.9 (1) 

3.8 (4) 1.0 (1) 

1.0 (1) 1 . 0 (' 1 ) 
+ 

24 6 

317-340 345-350 

15 15 

1. 0 ( 1) 
2. 0 ( 2 ) 

0 .9 ( 1 ) 
1. 0 (1) 
0.9 (1) 
1.0 (1) 

1.4 (1) 
0.8 (1) 

2. 2 (2) 2 . 6 ( 3 ) 
1 . 5 ( 1 ) 
1 . 0 ( 1 ) 

1 . 0 ( 1 ) 1 . 1 ( 1 ) 
1 .0 ( 1 ) 

1 .0 ( 1 ) 

1 . 1 ( 1 ) 
2.6 ( 3 ) 

0. 8 ( 1 ) 
1.6 (2) 1 . 0 ( 1 ) 

1.0 (1) 
1.0 (1) 

1.0 ( 1 ) 
1 . 1 ( 1 ) 

0.9 (1) 0.9 (1) 1.0 (1) 
+ 

10 9 16 

355-364 365-373 374-389 

20 14 29 

~Values in parentheses are from the sequence data. 
Determined as homoserina plus homoserine lactone.cs -
pyridylethylcysteine. Glucosamine. 



Table IX 

Amino acid compositions of endoproteinase Asp-N peptides derived from M6a 

Amino 
M6D1 M6D2 M6D3 M6D4 M6D5 M6D6 M6D7 acid 

residues/molecule 

Asp 1.1 (1) 3. 2 ( 5 ) 1. 3 ( 1 ) 0.9 ( 1 ) 1.2 (1) 3.2 (3) 1. 3 ( 1 ) 
Glu 2. 1 ( 2 ) 4.0 ( 4 ) 1.0 (1) 
Ser 0.9 (1) 0.6 (1) 
Gly 1.3 (1) 1. 4 ( 1 ) 1. 1 ( 1) 1.0 (1) 
His 1.0 ( 1) 
Arg 1. 0 ( 1 ) 1. 1 ( 1) 
Thr 0.9 (1) 
Ala 2.2 (2) 1. 1 ( 1) 
Pro 1. 1 ( 1 ) 1. 0 ( 1) 
Tyr 1.9 (2) 1. 8 ( 2) 1.2 ( 1) 2.5 ( 3) 
Valb 1.0 (1) 0.9 (1) 
Met 0.7 (1) 
Pee c 

0.7 (1) 1.0 ( 1 ) 0.8 ( 1 ) 0. 8 ( 1 ) 1. 7 ( 2) 0.9 ( 1 ) 
Ile 1. 2 ( 1 ) 
Leu 1.2 (1) 1.0 (1) 
Phe 3.0 (3) 1.2 ( 1 ) 1. 0 ( 1 ) 1. 0 ( 1) 1. 0 ( 1) 
Trp 
Lys d 2.1 ( 2 ) 1. 7 ( 2 ) 1. 0 ( 1 ) 0.9 ( 1 ) 1.8 (2) 

GlcNH
2 + 

Total 16 10 8 11 9 13 4 

Position 317-332 333-342 343-350 351-361 362-370 371-383 384-387 

Yield(%) 16 9 13 11 17 28 11 

a 
in parentheses are from the sequence data. 

b 0 

Values getermined as homoserlne 
plus homoserine lactone. cS-pyridylethylcysteine. Glucosamine. 



Table X 

Amino acid compositions of triptic peptides derived from succinylated Pe-HR1Ba 

Amino ST1 ST2 ST3 ST4 ST5 ST4-5 ST6 acid 

residues/molecule 

Asp 9.2 ( 10 ) 18.7 (19) 2. 8 ( 3 ) 11.9 (1 2) 14 .9 (15) 6. 2 ( 8 ) 
Gl u 8. 3 ( 8 ) 18.5 (16) 0.8 ( 1 ) 4. 4 ( 4 ) 6. 5 ( 7 ) 9. 2 ( 11 ) 2. 1 ( 1 ) 
Ser 4 . 1 ( 5 ) 12.6 (16) 2. 3 ( 3 ) 2. 3 ( 1 ) 3. 4 ( 4 ) 1. 8 ( 2 ) 
Gly 3.0 ( 3 ) 10.6 (12) 1 . 0 ( 1 ) 2. 3 ( 1 ) 5. 9 ( 6 ) 7. 3 ( 7 ) 3. 2 ( 3 ) 
His 3.0 ( 3 ) 5. 9 ( 6 ) 1.0 ( 1 ) 2. 3 ( 1 ) 2 . 7 ( 2 ) 2. 1 ( 2 ) 
Arg 7. 1 ( 7 ) 2.4 ( 2 ) 1 .4 ( 2 ) 2.0 ( 2 ) 2. 7 ( 2 ) 4 . 0 ( 4 ) 1 . 4 ( 1 ) 
Thr 4. 2 ( 4 ) 7. 6 ( 9 ) 1. 8 ( 2 ) 1. 9 ( 2 ) 2 . 1 ( 1 ) 3. 2 ( 3 ) 1 . 1 ( 1 ) 
Ala 2.7 ( 3 ) 7. 8 ( 9 ) 1 . 3 ( 1 ) 2. 8 ( 3 ) 3 . 6 ( 3 ) 5. 2 ( 6 ) 1 . 1 ( 1 ) 
Pro 1.2 ( 1 ) 13.7 (13) 2. 0 - ( 2 ) 3. 1 ( 3 ) 4 . 5 ( 5 ) 1 . 1 ( 1 ) 
Tyr 3. 5 ( 4 ) 5. 7 ( 5 ) 0.5 ( 0 ) 0.7 ( 0 ) 6. 2 ( 8 ) 7. 7 ( 8 ) 3 . 2 ( 3 ) 
Val 6.5 ( 9 ) 6.4 ( 8 ) 2 . 0 ( 2 ) 2. 5 ( 2 ) 2. 0 ( 2 ) 
Metb 5. 2 ( 5 ) 1 . 4 ( 1) 1 . 8 ( 1 ) 0. 7 ( 1 ) 
Pee 0. 7 ( 0 ) 18.1 (18) 0.5 ( 1 ) 2. 5 ( 3 ) 8. 2 ( 8 ) 11 .3 ( 11) 4 . 0 ( 4 ) 
Ile 7.6 ( 10 ) 8.3 (10) 0.9 ( 1 ) 1 . 7 ( 2 ) 2 . 3 ( 3 ) 
Leu 9.4 ( 11) 10.0 ( 10) 2. 6 ( 2 ) 3. 2 ( 2 ) 2 . 1 ( 2 ) 
Phe 2. 0 ( 2 ) 4 . 1 ( 4 ) 0.9 ( 1 ) 0.9 ( 1 ) 4 . 5 ( 5 ) 5 . 7 ( 6 ) 1 . 9 ( 2 ) c Trp n. d. ( 3 ) n. d. ( 1 ) 
Lys d 6.4 ( 8 ) 5. 9 ( 7 ) 5. 7 ( 7 ) 6 . 5 ( 7 ) 3 . 0 ( 4 ) 

GlcNH 2 + + + + + 
-

Tota l 91 1 70 9 26 71 97 38 

Po s ition 1 - 91 92 - 261 262 -2 70 271 - 296 297 - 367 271 - 367 368-405 

Yield(%) 23 16 6 8 11 10 4 

a 1 . ------ b . 
eva u es ln parenthases are f rom the se qu e nce data. ~-pyridylethylcystelne. 

Not det e rmined . Glu c o sami ne. 



Table XI 

Amino acid compositon of 
arginylendopeptidase peptide R1 
derived from Pe-HR1Ba 

Amino 
acid 

ASp 
Thr 
Ser 
Glu 
Pro 
Gly 
Ala 
Val 
Met 
Ile 
Leu 
Tyr 
Phe 
Lys 
His 
Trp 
PecC 
Arg 

GlcNH2d 

Total 

Position 

Yield(%) 

R1 

residues/molecule 
14.6 (15) 
5.3 ( 5) 

11.7 (14) 
14.6 (15) 
10.7 (11) 
9.9 (10) 
6.2 ( 6) 
7.2 ( 8) 
4.1 ( 4) 
7.0 ( 8) 
8.0 ( 8) 
3.9 ( 4) 
3.9 ( 4) 
5.0 ( 5) 
5.2 ( 5) 

n.d.b( 1) 
14.6 (16) 
2.3 ( 2) 

+ 

141 

123-263 

6 

avalues in parentheses are from the 
sequence data. bNot determined. 
c~-pyridylethylcysteine. 

dGlucosarnine. 



Table XII 

Reactivity of the free sulfhydryl group in HRlB 

Treatment 

DTNB 

None 
6M Guanidine 

4-vinylpyridine 

6M Guanidine, 10 mM EDTA 1 

mol/molecule 

0. 1 
0.9 

0. 7 



LEGEND FOR FIGURE 

Fig. 1 · Complete amino acid sequence of HRlB. Residues 

determined by Edman degradation are written in upper case letters 

below the summarized sequence. Residues written in lower case 

letters indicate tentative identifications deduced from the amino 

acid compositions of the peptides. Dashes indicate unidentified 

residues. The peptide nomenclature is described under ''Materials 

and Methods" and "Results". e indicate sugar chains linked to 

Asn residue. <E denotes 5-pyrrolidone-2-carboxylic acid. 

Fig. 2 • HPLC of CNBr peptides derived from Pe-HRlB. A 

part of the digest was subjected to HPLC as described in Materials 

and Methods. A Vydac 214TP5415 (0.46 x 15 em) column was used. 

Peptides M4-5 and M5, and M7' and M7" were separated by 

rechromatography (see Figs. 3 and 4). Peptides M5-DP and M3-4-5 

which had some contaminating peptides were further purified using 

a Cosmosil 3C18 (0.46 x 10 em) column (chromatograms not shown). 

Fig. 3. Separation of M4-5 and M5 by HPLC. Peptides M4-5 

and M5 found in one peak (Fig. 2) were further separated by HPLC. 

A TSK ODS-120T (0.46 x 25 em) column was used. 

Fig. 4. Separation of M7' and M7" by HPLC. Peptides M7 ' 

and M7" found in one peak (Fig. 2) were separated by HPLC. A TSK 

0DS-120T (0.46 x 25 em) column was used. 

Fig. 5. HPLC of subdigest of Ml with lysyl endopeptidase. 

A part of the digest was subjected to HPLC as described in 



and Methods. A TSK ODS-120T ( 0.46 x 15 ern) column was used. 

Fig. 6. HPLC of subdigest of Ml with endoprote i nase Asp -

N. A part of the digest was sub j ected to HPLC as described in 

Materials and Methods. A Cosrnosi l 3C 18 (0.46 x 10 e rn) c o lumn was 

used. 

Fig. 7. HPLC of subdigest of MS with lysyl endopeptidase. 

A part of the digest was sub j ec t ed to HPLC as describ ed in 

Materials and Methods. A TSK ODS-1 20T (0.46 x 15 ern ) c o lumn was 

used. Peptides M5K4 and M5K5 were separated by r echrornat ography 

(see Fig. 8) . 

Fig. 8. Separation of M5K4 and M5K5 by HPLC. Pept ides 

MSK4 and M5K5 found in one peak (Fig. 7) were further separated by 

HPLC. A TSK ODS-120T (0.46 x 25 ern) column was used. 

F'ig. 9. HPLC of subdigest of M5 with endoproteinase Asp-

N. A part of the digest was subjected to HPLC as described in 

Materials and Methods. A Cosrnosil 3C18 (0.46 x 10 ern) column was 

used. Peptides M5D6 and M5D10, and M5Dl, M5D7 and M5Dl2 were 

separated by rechromatography (see Figs. 10 and 11). 

Fig. 10. Separation of M5D6 and M5Dl0 by HPLC. Pept i des 

MSD6 and M5D10 found in one peak (Fig. 9) were furthe r separ a t e d 

by HPLC. A TSK ODS-120T (0.46 x 25 ern) column was used. 



Fig. 11. Separation of M5Dl, M5D7 and M5D12 by HPLC. 

M5D1, M5D7 and M5D12 found in one peak (Fig. 9) were further 

separated by HPLC. A Cosmosil 3C18 (0.46 x 10 em) column was 

used. 

Fig. 12. HPLC of subdigest of M6 with lysyl 

Peptides 

endopeptidase. A part of the digest was subjected to HPLC as 

described in Materials and Methods. A TSK ODS-120T (0.46 x 15 em) 

column was used. Peptides M6K2 and M6K4 were separated by 

rechromatography (see Fig. 13). 

Fig. 13. Separation of M6K2 and M6K4 by HPLC. Peptides 

M6K2 and M6K4 found in one peak (Fig. 12) were further separated 

by HPLC. A TSK ODS-120T (0.46 x 25 em) column was used. 

Fig. 14. HPLC of subdigest with of M6 endoproteinase Asp-

H. A part of the digest was subjected to HPLC as described in 

Materials and Methods. A Cosmosil 3C18 (0.46 x 10 em) column was 

used. Peptides M6D2 and M6D7 were separated by rechromatography 

(see Fig. 15) . 

Fig. 15. Separation of M6D2 and M6D7 by HPLC. Peptides 

M6D2 and M6D7 found in one peak (Fig. 14) were further separated 

by HPLC. A TSK ODS-120T (0.46 x 25 em) column was used. 

Fig. 16. HPLC of tryptic peptides derived from 

succinylated Pe-HRlB. A part of yhe digest was subjected to 

HPLC as described in Materials and Methods. A Cosmosil 5C4 (0.46 

X 15 em) column was used. ST4-5 and ST5 were contaminated and 



using a Cosrnosil 3C18 (0.46 x 10 ern) column (chr omatograms not 

shown). 

Fig. 17. HPLC of digest of Pe-HRlB with 

arginylendopeptidase. A part of the digest was subjected to 

HPLC as described in Materials and Methods. A TSK ODS-120T (0.46 

x 15 ern) column was used. 

Fig. 18. Structural relationships of HRlB with other 

proteins. A, Sequence comparison of the amino-terminal region 

of HR1B with HR2a, Ht-d, and H2-proteinase. HR2a (7), Ht-d (6), 
I 

and H2-proteinase (27) are low molecular mass rnetalloproteinases. 

HR1B, HR2a, and H2-proteinase were isolated from the venom of T. 

flavoviridis, and Ht-d from C. atrox. Identical residues shared 

by all proteins are shaded. The residues shared by hemorrhagic 

metalloproteinases, HR1B, HR2a, and Ht-d and not shared by non-

hemorrhagic H2-proteinase are boxed. The putative zinc ligands 

and active site are indicated by A and ~' respectively. 

I indicate sugar chains linked to Asn residues of HRlB. <E 

denotes 5-pyrrolidone-2-carboxylic acid. B, Comparison and 

alignment of the carboxyl-terminal portion of HR1B with several 

disintegrins. Trigrarnin (17), Echistatin (29), Applaggin (31), 

and Bitistatin (32) are all viper venom platelet aggregation 

inhibitors, called disintegrins (35). Cysteine residues are 

boxed. The Arg-Gly-Asp-sequence common to disintegrins are 

shaded. 

Fig. 19. Comparison and alignment of the sequences of 

HRlB and human von Hillebrand factor (vWF). Identical 

residues are boxed. 
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10 20 30 40 50 60 70 • 80 90 100 110 
<EQJUI'PRRYIKLAIVVDHGIVTKHHGNLKKIRKWIYQLVNTINNIYRSLNILVALVYLEIWSKQNKITVQSAS~LP'GDWRESVLLKQRSHDCAQLI.'rriDFDGPTIG 

HRlB PG 
QRFPRRYIKLAIVVDHGIVTKHH 

M1K2 MlK4 
LAIVVDHGIVTK WIYQLVNTINNIYRSLNILVALVYLEIWSk 

MlKl PG M1K3 M1K5 

M1K6 
QRSHDCAQLLTTIDFDGPTIG 

M1D5 
RFPRRYIK HHGNLK ITVQSAS-VTLDLFG-W-E-VLL DCAQLLTTI 

M1D2 M1D4 M1D6 
DHGIVTKHHGNLKKIRKWIYQLVNTINNIYRSLNILVALVYLEI-SKQNKITV DWRESVLLKQRSh DGPTIG 

MlWl ST2 
SKQNKITVQSAS-VTLDLFGD SHDCAQLLTTIDFDGPTIG 

120 130 140 150 160 170 • 190 200 210 220 
KAYTASMCDPKRSVGIVQDYSPINLWAVIMTHE!«iHNLGIPHDGNSCTCGGFPCIMSPMISDPPSELFSNCSKAYYQTFLTDHKPQCILNAPSKTDIVSPPVCGNELLE 

M2 M4-5 
(MlK6) CDPKRSVGIVQDYSPINLVVAVIMTHEm SPMISDPPSELFS-CSKAYYQTFL 
K M3 M5-DP 

MlK7 GHNLGIPHDGNSCTCGGFPCIM PPSELFS-CSKAYYQTFLTDHKPQCILNAPSKTDIVSPPVCGNELL 
AYTASM 

(MlD6) 
KAYTASm 

(ST2) 
-AYTASMCDP 

M5 
ISDPPSELFS-CSKAYYQTFLTDHKPQCILNAPSKTDIVSPPVCG 

MJ-4-5 M5Kl M5K3 
GHNLGIPHDGNSCTCGGFPCI-SP AYYQTFLTDHK TDIVSPPVCGNELLE 

Rl M5Dl M5D3 
SVGIVQDYSPINLVVAVIMTHEMGHNLGIPH ELFSnCSKAYY DHKPQCILNAPSKT 

230 240 250 260 270 280 290 300 310 320 • 
AGEBCDCGSPENCQYQCCDAASCKLHSWVKCESGECCDQCRFRTAGTECRAAESECDIPESCTGQSADCP'l'DRFHRNGQPCLYNBGYCYNGKCPIMFYQCYFLFGSNATV 

( M5K3) M5K5 M6 
AGEECDCGSPENCQYQCCDAASCK CESGECCDQCRFRTAGTECRAAESECDIPESC-GQSA-CP FYQCYFLFGS-ATV 

M5D6 M5K4 M5D8 M5Dl 0 M5K6 
DCGSPENCQYQCC LHSWVK DQCRFRTAGTECRAA DIPESCTGQSA M5D12 CPIM 

M5D5 M5D7 ST4 DRFHRNGQPCLYNHGYCYNGK M6Kl 
EEC DAASCKLHSWVKCESg ST3 AAESECDIPESCTGQSADCPTDRFHR FYQCYFLFGS-ATV 

FRTAGTECR ST5 
ST4-5 NGQPCLYNHGYCYNG-CPIMFYQC-FL-G 
AAESECDIPESCTGQSADCPTDRFHR---P-LY 

340 350 360 370 ... 390 400 410 416 
AEDDCFNNNKKGDKYFYCRKENEKYIPCAQEDVKCGRLFCDNKKYPCHiiYSEDLDFGMVDHGTKCADGKVCSNRQCVDVNEAYKS 

(M6) M7 
AEDDCFNNNKKGDKYFYCRKENEKYIPCAQEDVKCG-LFC M6K5 VDHGTKCADGKVCSNRQCVDVNEA 

(M6Kl) 
AEDDCFNNNK 

M6D2 
DOCFNNNKKG 

M6K2 M6K4 KYPCHYnYSEDLDFGM 
YFYCRK M6K3 CGRLFCDNK M7 I 

YIPCAQEDVK M6D6 VDHGTKCADGKVCSNRQCVDVNEAYK 
DNKKYPCHYnYSE M7 " 

ST6 VDHGTKCADGKVCSNRQCVDVNEAYKS 
LFCDN--YPCHY-YSEDLDFGMVDHGT-CADG-VCSNR 

Fig. 1 
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PART II 

Coagulation Factor X Activating Enzyme from Russell's Viper 

Venom ( RVV-X) : A NOVEL METALLOPROTEINASE WITH DISINTEGRIN 

(PLATELET AGGREGATION INHIBITOR)-LIKE AND C-TYPE LECTIN-LIKE 

DOMAINS 
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SUMMARY 

We determined the complete amino acid sequence of RVV-X, the 

blood coagulation factor X activating enzyme, isolated from 

Russell's viper venom and studied the structure-function 

relationship. RVV-X (Mr 79,000) consisted of a disulfide-bonded 

two-chain glycoprotein with a heavy chain of Mr 59,000 and a light 

chain of heterogeneous Mr 18,000 or 21,000. These chains were 

separated by gel filtration after reduction and S­

pyridylethylation. Two heterogeneous light chains, designated LC1 

(Mr 18,000) and LC2 (Mr 21,000), were separated by reversed phase 

high performance liquid chromatography, and the isolated major 

component LC1 was used for sequence analysis. The heavy chain 

consisted of 427 residues containing four asparagine-linked 

oligosaccharides, and its entire sequence was similar to that of 

the high molecular mass hemorrhagic protein, HR1B, isolated from 

the venom of Trimeresurus flavoviridis (Takeya, H., Oda, K., 

Miyata, T., Omori-Satoh, T., and Iwanaga, S. (1990) J. Biol. Chem. 

265, 16068-16073). The heavy chain contained three distinct 

domains, metalloproteinase, disintegrin (platelet aggregation 

inhibitor)-like and unknown cysteine-rich domains. On the other 

hand, the light chain LC1 consisted of 123 amino acid residues 

containing one asparagine-linked oligosaccharide and showed a 

sequence homology similar to those found in the so-called C-type 

(Ca2+_dependent) lectin. Therefore, RVV-X is a novel 

metalloproteinase containing a mosaic structure with disintegrin­

like, cysteine-rich, and C-type lectin-like domains. RVV-X 

potently inhibited collagen- and ADP-stimulated platelet 

aggregations, probably via its dis integrin-like domain, although 



this domain does not contain the Arg-Gly-Asp sequence which is 

conserved in various venom disintegrins and which is thought to be 

one of the interaction sites for platelet integrins. Our findings 

also indicate that snake venom factor IX/factor X-binding protein 

with a C-type lectin structure (Atoda, H., Hyuga, M., and Morita, 

T. (1991) J. Biol. Chem. 266, 14903-14911) inhibits the RVV-X­

catalyzed factor X activation, hence, the light chain of RVV-X 

probably participates in recognizing some portion of the zymogen 

factor X. 



INTRODUCTION 

Snake venoms have various proteins and enzymes which affect 

mammalian blood coagulation and fibrinolytic systems (1). These 

components have a strict specificity in their contacts with blood 

coagulation factors (2-5). Russell's viper (Vipera russelli) 

venom contains two well known proteases, designated RVV-V and RVV­

X, both of which induce coagulation of mammalian plasma. We 

reported earlier that RVV-V, which specifically activates factor v 

by limited proteolysis, consists of 236 amino acid residues and 

shows a sequence homology similar to that of trypsin-like serine 

proteinases, especially batroxobin, a thrombin-like enzyme 

isolated from the venom of Bothrops atrox (6). 

RVV-X, a potent activator of factor X, is a well 

characterized proteinase (7) which activates specifically factor X 

as a result of a single cleavage at the same internal Arg-Ile bond 

1n factor X as do factors IXa and VIIa (8,9). The RVV-X-catalyzed 

factor X activation, however, is not inhibited by diisopropyl 

fluorophosphate and phenylmethylsulfonyl fluoride but is inhibited 

by EDTA, thereby suggesting that RVV-X is not a serine proteinase 

but a metalloproteinase (10,11). Indeed, RVV-X contains 

nonexchangeable 1 mol of ca2+ and 0.7 mol of zn2+ essential for the 

proteolytic activity (12). Unlike vitamin K-dependent clotting 

factors, RVV-X does not require a negatively charged surface such 

as phospholipids for factor X activation, but it does require 

exogenous ca2+ and the amino-terminal Gla-domain of factor X for 

enhanced activation (13). This reversibly bound Ca2+ is not 

essential for the proteolytic activity of RVV-X, since RVV-X is 
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abl e to hydrol yze apoprotein AI of human high-density lipoprotein, 

even in the absence of exogenous ca2+ (12). 

RVV-X is a glycopr o tein containing 13% carbohydrate with an 

apparent Mr of 79,000. It is composed of two disulfide bonded 

chains, a heavy chain of Mr 5 9, 00 0 and hetero geneous light chains 

with Mr 18,000 and 21,000. I n the p r e sent study, we determined 

the entire amino acid sequence of RVV-X, in o r der t o elucid ate the 

molecular mechanism of the RVV-X- catalyzed f ac t o r X activ ation, in 

particular how RVV-X specifically recogni zes f actor X. Our 

interest in the structure of RVV-X i s bec a u s e it is a unique 

metalloproteinase with respect t o s trict s ub s tra te specificity 

(7). Since we identified the enti r e ami no acid sequences of 

several hemorrhagic and non-hemorrhagic metalloproteinas es 

isolated from snake venoms and as these are new member s o f t he 

metalloproteinase subfamily (14-17), it was also of interest t o 

compare the covalent structures between RVV-X and the venom 

metalloproteinases. 



MATERIALS AND METHODS 

Materials The sources of materials used were as 

follows: The venom of Vipera russelli siamensis from the Japan 

Snake Institute, Gunma; Achromobacter lyticus lysyl 
I 

endopeptidase, and 4-vinylpyridine from Wako Pure Chemical 

Industries, Osaka; endoproteinase Asp-N from Boehringer-Mannheim 

Biochemica, Mannheim; trypsin treated with N-tosyl-phenylalanyl 

chloromethyl ketone and a-chymotrypsin from Worthington 

Biochemical, Freehold, N. J.; Staphylococcus aureus V8 protease 

from Miles Laboratories, Elkhart, Ind.; cyanogen bromide, and 

Cosmosil 5C4-300 column from Nacalai Tesque, Inc., Kyoto; Phenyl-

Spw RP, G3000SW and G2000SW columns from Tosoh, Osaka; Chemcosorb 

5-0DS-H column from Chemco Scientific Co., Ltd., Osaka; Vydac 

214TP5415 column from The Separations Group, CA; ~Bondasphere C8 

column from Nihon Waters Ltd., Tokyo; YMC A-302 S-5 ODS column 

from Yamamura Kagaku, Kyoto; reagents for gas-phase sequencer 

from Applied Biosystems, CA. All other chemicals were of 

analytical grade or of the highest quality commercially available. 

Factor IX/factor X-binding protein (IX/X-bp) purified from the 

venom of Trimeresurus flavoviridis (18) was a gift of Dr. Hideko 

Atoda, Meiji College of Pharmacy. 

Purification of RVV-X ------ RVV-X was isolated from the 

venom of Vipera russelli siamensis by minor modifications of 

published methods (11), consisting of two steps, gel filtration on 

Sephadex G-75 and ion-exchange chromatography on DEAE-Sepharose 

CL-6B. 



SDS-PAGE SDS-PAGE was carried out by the method of 

Laemmli (19). The reference protein kit for molecular weight 

estimate was obtained from Pharmacia Fine Chemicals, Uppsala. 

Preparation of Heavy and Light Chains The purified 

RVV-X was reduced and S-pyr idylethylated as prev iously described 

(17). The resulting product was sub jected to gel filtration HPLC 

on a G3000SW column equil i brated with 0. 1 M s odium phosphate 

buffer, pH 6.0, contain i ng 6 M guanidi ne hydrochloride and 1 mM 

EDTA. The light chain fraction was sub j ected t o reversed phase 

HPLC on a Vydac 214TP5415 col umn in 0 .1% trifluoroacetic acid with 

acetonitrile gradient elut i on. 

CNBr and Proteolytic Digestion The samp le was cleaved 

with CNBr as previously described (17). The sample in 5 0 mM Tris­

HCl buffer, pH 8.0, containing 4 M urea was digested with lys y l 

endopeptidase (E/8=1/50, mol/mol) at 37 °C for 12 h. The samples 

in 50 mM Tris-HCl buffer, pH 8.0, containing 2 M urea were 

digested with endoproteinase Asp-N (E/8=1/50, mol/mol) for 13h, 

trypsin (E/8=1/20, mol/mol) for 12 h, or chymot r yps i n (E/S=l/50, 

mol/mol) for 6 hat 37 °C. The samples in 0.1M NH4HC03 buf f er , p H 

8.0, containing 2 M urea were diges~ed with Staphylococcus aureus 

V8 protease (E/8=1/70, mol/mol) at 37 °C for 17 h. For limi t ed 

proteolysis, non-reduced RVV-X in 50 mM Tris-HCl buffer, pH 7.5, 

containing 0.1 M NaCl and 10 mM EDTA was digested with t r ypsin 

(E/8=1/50, mol/mol) at 37 °C for 3 h. 

Peptide Purification The pept i des gener ated after CNBr 

cleavage of Pe-heavy chain were separated by reversed phase HPLC 

after gel filtration HPLC on a column o f G2000SW, equilibrated 

with 0.1 M phosphate buffer, pH 6.0, containing 6 M guani d i ne 
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hydrochloride and 1 rnM EDTA. All other peptides were purified by 

reversed phase HPLC as previously described (17). 

Amino Acid Analysis and Sequence Determination The 

amino acid analyses of the Pe-prote~ns were performed by ion­

exchange chromatography in a Hitachi model L-8500 high speed amino 

acid analyzer after hydrolysis with 5.7 M HCl containing 0.2 % 

phenol at 110 °C for 24, 48, and 72 h by the method of Spackman et 

al. (20). Tryptophan was determined by hydrolysis in 3M 

mercaptoethanesulfonic acid (21). The CNBr fragments derived from 

Pe-heavy chain were analyzed using a Hitachi L-8500 amino acid 

analyzer after hydrolysis with 5.7 M HCl containing 0.2 %phenol 

at 110 °C for 24 h. Other peptides were analyzed using reversed­

phase HPLC of phenylthiocarbamoyl derivatives (22), using a Waters 

PICO-TAG system, after hydrolysis with 5.7 M HCl containing 1% 

phenol at 110 °C for 20 h. Automated sequence analyses were 

performed with an Applied Biosystems 477A protein sequencer, as 

described by Bewick et al. (23), with an Applied Biosystems model 

120A PTH analyzer. 

Determination of the Carboxyl-Terminal Amino Acid 

carboxyl-terminal amino acid was determined by the vapor-phase 

hydrazinolysis method as previously described (16,24). 

The 

Platelet Aggregation Assay Platelet aggregation assay 

was performed ln human platelet-rich plasma (PRP) according to the 

methods of Moroi (25). Fifty ml of whole human blood (9 parts) 

from a healthy donor was collected in 3.8 % (wt/vol) sodium 

citrate (1 part). Blood was centrifuged (1,800 rpm for 5 min) at 

room temperature and PRP was collected. Platelet-poor plasma 

(PPP) was prepared from the remaining blood by centrifugation 

(3,000 rpm for 10 min) at room temperature. PRP plus solution of 



RVV-X in Tris-HC l buffer saline, pH 7.5 or buffer alone was 

incubated for 3 min in a Chrono-log Aggregometer at 37 °C. An 

aggregating agent ( c o llagen, 1 pg/ml or ADP, 10 ~M) was added and 

the light transmittance was recorded. 

Effect of IX/X-bp on t h e RVV-X-mediated Activation of Factor 

X Factor X (3.6 pM) was i ncu b ated with the various 

concentrations of IX/X-bp (0 - 7.2 pM) in 5 0 rnM Tris-HCl, pH 8.0, 

containing 10 rnM CaCl2 f o r 1 min at 25 °C. Then , RVV-X ( 3.6 nM) 

was added. After 1 mi n, 10 ~ 1 a liquot s o f t h e reaction mixture 

were added to the substr a t e sol u tio n , which consisted of 600 ~1 of 

50 rnM Tris-HCl containing 0 . 1 mg/ml b ovine serum albumin, 2 mM 

EDTA and 0.1 M NaCl, and 10 pl . of 5 rnM NU- benzy l oxycarbonyl-L-

pyroglutamyl-Gly-Arg-4-methylcoumaryl-7-amide in N,N­

dimethylformarnide. The released 7-arnino-4-methylcoumarin was 

measured fluorometrically with excitation at 380 nm and emiss ion 

at 440 nm. 

Nomenclature of the Peptides Pept i des are designat ed 

by a serial number prefixed by a letter. The letters i ndi cated 

the type of digestion: M, CNBr; K, lysyl endopept i dase; D, 

endoproteinase Asp-N; T, trypsin; E, V8 protease; C, 

chymotrypsin. The numbers in the peptide designation do not 

correspond to the order of their elution in HPLC, but r ather to 

their positions in the protein sequence, start i ng f rom the amino­

terminus. 
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RESULTS 

Preparation of Heavy and Light
1

chains and Their Amino Acid 

Compositions Highly purified RVV-X was reduced and s-

pyridylethylated (Pe), and subsequently subjected to gel filtration 

(Fig. 1). As shown in the inset of Fig. 1, the SDS-PAGE analyses of 

two peaks revealed that the former peak (peak HC) contains a 

homogeneous heavy chain (Mr 59,000) and the latter peak (peak LC) 

contains heterogeneous light chains (Mr 18,000 and 21,000) with a 

doublet. These two heterogeneous light chains were further separated 

by reversed phase HPLC (Fig. 2). Highly purified two light chains 

(the inset of Fig, 2) were designated as LC1 and LC2. In the present 

study, the major component, LC1, was selected as being representative 

and was used for sequence analyses. The amino acid compositions of 

heavy and light chains are shown in Table 1. Although LC1 and LC2 

have similar amino acid compositions, their peptide maps after 

digestions with lysyl endopeptidase differed (data not shown), 

indicating a polymorphism with several residues. The heavy and light 

chains contained glucosamine, but not galactosamine (Table 1). 

Sequence Analyses of Heavy Chain The automated Edman 

degradation of Pe-heavy chain established the amino-terminal 31 

residues starting with the sequence of Leu-Val-Ser-Thr-Ser-Ala- as 

shown in Fig. 3. In addition to this sequence, we could identify the 

minor amino-terminal sequences Val-Ser-Thr-Ala- and Ser-Thr-Ala­

starting at positions 2 and 3, respectively. The Pe-heavy chain was 

cleaved with CNBr and the resulting peptides were separated by gel 

filtration (Fig. 4). MS and M12, and M3, M4, and M6 were further 

separated by reversed phase HPLC on a column of Cosmosil 5C4 300 

(data not shown). The amino acid compositions and amino-terminal 



sequences of the isolated peptides are shown in Table II and Fig. 3. 

M2-3 and M7-8 were yielded by incomplete cleavage at a Met-Thr bond 

(residues 90-91) and a Met-Ser bond (residues 169-170), respectively. 

To overlap the CNBr fragments, the Pe-heavy chain was digested, 

separately, with lysyl endopeptidase and endoproteinase Asp-N. The 

digest with lysyl endopeptidase was separated by reversed phase HPLC 

on a column of Cosmosil 5C4 300 (data not shown). The amino acid 

compositions and amino-terminal sequences of the isolated peptides 

are shown in Table III and Fig. 3. The digest with endoproteinase 

Asp-N was separated by reversed phase HPLC on a column of 

~Bondasphere C8 and several fractions containing more than two 

peptides were further subjected to rechromatography on a column of 

Chemcosorb 5-0DS-H. The amino acid compositions of these peptides 

were determined (data not shown) and the amino-terminal sequences of 

12 peptides were analyzed (Fig. 3). To complete the sequence of Pe­

heavy chain, large fragments, M7-8, M9 and K4 were subdigested with 

chymotrypsin, lysyl endopeptidase, and trypsin, respectively, and the 

resulting peptides were isolated by reversed phase HPLC. The amino 

acid compositions of these peptides were determined (data not shown) 

and the amino-terminal sequences of overlapping peptides were 

analyzed (Fig. 3). The heavy chain consisted of 427 amino acid 

residues with 4 asparagine-linked sugar chains at positions 28, 69, 

163 and 183 (Fig. 3). 

Sequence Analyses of Light Chain (LCl) The amino-

terminal sequence analysis of Pe-LC1 established the first 38 

residues with the exception of several unidentified residues. Pe-LCl 

was primarily digested with lysyl endopeptidase and the resulting 

peptides were separated by reversed phase HPLC (Fig. 5). The amino 

acid compositions and amino-terminal sequences of the isolated 
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peptides a r e shown in Table IV and F~g. 6. Large fragment KS was 

further subdigested with V8 protease, and the peptide K5E3 isolated 

by reversed phase HPLC was used to complete the sequence of KS. To 

overlap these peptides, Pe-LC1 was cleaved with CNBr. The resulting 

peptides were separated by reversed phase HPLC on a column of YMC A-

302 ODS after gel filtration on a col umn o f G2 000SW (data not shown). 

The amino acid compositions and amino-t erminal sequences of the 

isolated peptides are shown in Table V and Fig. 6 . M3- 4 was yielded 

by incomplete cleavage at a Met-Ile bond ( r e sidues 101-1 0 2 ) in the 

same manner as previously observed ( 16) . The carboxyl-terminal amino 

acid of LC1 was determined to be pheny l a lanine residue by vapor-phase 

hydrazinolysis method (0.17 mol/mol o f p r o tein, uncorrected ) . The 

light chain LC1 consisted of 123 amino ac i d r e sidues containing an 

asparagine-linked sugar chain at position 24 (Fig. 6). 

Carbohydrate-linked Asparagine Residues The PTH 

derivatives at position 24 in the light chain LC1 and at posit i ons 

28, 69, 163 and 183 in the heavy chain, were not identified by 

sequence analysis. These are very likely carbohydrate-linke d Asn 

residues, since they have a potential -X-Thr/Ser sequence, whi ch is 

known as a consensus signal sequence for the attachment of 

carbohydrate to asparagine. In fact, the composition analyses of the 

fragments containing these residues indicated the presence o f 

glucosamines in each fragment. The reasonably high y i elds f or Thr 

and Ser residues in the entire sequence and the compos i t i on a nalyses 

of all the fragments, including i ntact protein, indi cat ed no 0-linked 

carbohydrate chains in RVV-X. 

Titration of the Free SH-Group The concentra tion o f a 

free SH-group was determined in the presence of 6M guanidine 

hydrochloride and 10 rnM EDTA by t he met hod of Ellma n (26) a nd a lso 



i ncorporation of 4-vinylpyridine in the absence and presence of the 

denaturant cont aining 6M guanidine hydrochloride and 10 mM EDTA. No 

free SH-group could be det ected in the non-reduced RVV-X by the two 

methods with Ellman ' s reagent ( 5,5'-dithiobis (2-nitrobenzoic acid)) 

and with S-pyridylethylati on. 

Platelet Aggregation Inhibitory Activity of RVV- X ------ Since 

the middle portion of the heavy chain (res i dues 21 2-3 0 1 ) showed a 

remarkable sequence similarity t o those of venom p latelet aggregation 

inhibitors, disintegrins (see Fi g. 7), we t es ted t h e platelet 

aggregation inhibitory activi ty of RVV- X. As s hown in Fig. 8, RVV-X 

dose-dependently inhibited col l agen- and ADP- i nduced platelet 

aggregations. The percentages of inh i b i t i on o n collagen- and ADP­

induced platelet aggregations were 44 % and 85 %, r espectively , at a 

concentration of 310 nM. 

Effect of IX/X-bp on the RVV-X-mediated Activation of Factor X 

We also examined the effect of IX/X-bp on the RVV-X-mediate d 

activation of factor X, since the amino acid sequence of the l i ght 

chain LC1 is similar to that of IX/X-bp (Fig. 9). As shown i n Fig. 

10, IX/X-bp inhibited the activation of factor X, in a dose- depende n t 

manner. The 86 % inhibition was observed in the presence of an e qual 

molar ratio of IX/X-bp to factor X. 



DISCUSSION 

We reported the primary structures of several hemorrhagic and 

non-hemorrhagic metalloproteinases isolated from the venoms of 

Trimeresurus flavoviridis (14-16) and Crotalus ruber ruber (17), the 

objective being to elucidate the molecular mechanism of hemorrhage, 

the major symptoms following the bite of crotalid and viperid snakes. 

These metalloproteinases belong to a new metalloproteinase subfamily, 

all of which contain a zinc-chelation sequence His-Glu-X-X-His but 

have no significant sequence homology with any known 

metalloproteinases beyond this region (17). The most exciting 

finding in this series of studies is that high molecular mass 

hemorrhagic metalloproteinase HR1B (Mr 60,000) contains the cysteine­

rich carboxyl-terminal half (residues 204-416) which includes the 

disintegrin-like structure, in addition to the amino-terminal half 

metalloproteinase domain (residues 1-203) similar to low molecular 

mass metalloproteinases in sequences (16). Disintegrins isolated 

from snake venoms are potent platelet aggregation inhibitors and are 

cysteine-rich and Arg-Gly-Asp (RGD)-containing polypeptides (total 

48-84 residues) (see Refs. 27 and 28 for review). 

As shown in Fig. 7, the entire amino acid sequence of the RVV­

X-heavy chain resembles that of HR1B (53% sequence identity). The 

sequence of its amino-terminal half (residues 1-205) is also similar 

to those of the low molecular mass metalloproteinases HR2a, HT-2, Ht­

d (29) and H2-proteinase (40-43 % sequence identity), forming a 

metalloproteinase domain of RVV-X (Fig. 7A). Like others, this 

domain of RVV-X contains the His-Glu-X-X-His-sequence (residues 145-

149), in which His145 and His149, and Glu146 are believed to be two 

of the zinc-chelating ligands and one of the catalytic residues, as 
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of the zinc-chel at ing ligands and one of the catalytic res i dues, as 

discussed elsewher e {17 ) . It is of interest that HR1B, HR2a, HT-2 

and Ht-d cause a localized hemorrhage, but H2-proteinase does not, 

even though all of them h a ve a similar structure . In this regard, 

we first focused on structural elements associated with the 

hemorrhagic activity. Since the purified RVV-X did not express 

hemorrhagic activity (data not shown ), we c ompared t he amino acid 

sequences of two non-hemorrhagi c metallopr o t e inases RVV-X and H2-

proteinase with those of hemorrhagic met a llopr oteinases HR1B, HR2a, 

HT-2, and Ht-d. There are five ami no acid residues shared by 

hemorrhagic metalloproteinases but no t by no n-hemorrhagic RVV-X and 

H2-proteinase (boxed residues in Fi g. 7A). Thes e residues might be 

closely associated with the hemor rhagi c activ ity. 
I 

The middle region of the RVV-X-heavy chain {residues 2 12-301 ) 

shows a high percentage of sequence identity to the RGD-sequence 

containing disintegrins, scored 59 % for trigramin (30), 38 % for 

echistatin (31), 60 % for bitistatin (32) and 55 % for barbourin 

(33). Although RVV-X as well as the disintegrin fami ly is able t o 

inhibit platelet aggregation {Fig. 8), the RGD-sequence i s abs e n t 

and is substituted for by Arg-Asp-Glu in the correspondi ng regi on 

(Fig. 7). Similar results have been found in HR1B with a Gl u-Ser­

Glu substitution (16). The platelet aggregation inhibi tory a c tivity 

of RVV-X apparently resides within the disintegrin-l ike domai n, 

based on the same notion as that discussed in t he case of HR1B ( see 

Ref. 16). However, there is a possibi l i t y that p l a t e let a ggr e gatio n 

inhibitory activity could be due to some of t he p r oteo l y tic activity 

or the lectin like activity, since we have used t he whol e RVV-X for 

that experiment (Fig. 4). Al l of twent y-f i ve d isintegrins s o far 

isolated contain the RGD-sequence, whi ch i s believe d t o be an 



interaction site f or several integrins, with one exception, 

barbourin containing Ly s - Gly-Asp instead (33). The substitution in 

barbourin is sugges t ed t o impart integrin specificity to barbourin, 

since it has been isolated as a specific antagonist for glycoprotein 

IIb/IIIa, while other RGD-containing disintegrins interact with 

various integrins of B1 and B3 familie s , such as t he vitronectin 

receptor(s) and fibronectin r eceptor. The integrin specificities of 

RVV-X and HRlB remain to be determined. Equally important i n future 

experiments is to account for the i n vivo relev a nce of this platelet 

aggregation inhibitory effect of RVV-X . 

The carboxyl-terminal regi on o f RVV- X-heav y chain ( residues 

302-427) following the disintegrin domain contains numerous cysteine 

residues. Computerized homology searches reveale d t hat t he 

cysteine-rich region of HRlB is the sole structure homologous to 

this region, the function of this region is unclear. 

Interestingly, the light chain (LCl) of RVV-X shows a striking 

similarity with C-type lectin-like structure (Ca2+-dependent 

carbohydrate recognition domain). Numerous proteins isolated from 

snakes and mammals were seen to contain this structure (34), as 

shown in Fig. 9. The sequence similarity between RVV-X-light c hain 

(LCl) and rattlesnake lectin (35), phospholipase A2 inhibitor A 

subunits (36) and factor IX/factor X-binding protei n A chain (37), 

mouse lymphocyte homing receptor (38), rat Kupffer cell recept or 

(39), rat mannose-binding protein A (40), human l ymphocyte I gE 

receptor (41), human tetranectin (42) and human pulmonary surfactant 

associated protein (43) is 27, 13, 33, 17, 22, 10, 22, 15 and 10%, 

respectively. Factor IX/factor X-binding protein (IX/X-bp) i s the 

most interesting among these proteinp having the C-type lec tin 

structure, since IX/X-bp and RVV-X shar e sever a l key 



characteristics, in addition to sequence similarity. IX/X-bp has 

been purified as an anticoagulant protein and it binds specifically 

to factors IX and X, but not to other vitamin K-dependent 

coagulation factors (18). This functional activity of IX/X-bp as 

well as RVV-X is dependent on ca2+ and the amino-terminal Gla­

domains of factors IX and X (13,18). IX/X-bp is able to inhibit the 

RVV-X-catalyzed factor X activation, in a dose dependent manner 

(Fig. 10), thereby indicating that IX/X-bp occupies a RVV-X­

recognized site on factor X. Taken together, it lS suggested that 

the light chain of RVV-X might play an important role in the binding 

of RVV-X with factor X, and that it recognizes the Gla-domain of 

factor X. There are two potential roles of the exogenous ca2+, 

which is required for the factor X activating activity but not for 

the proteolytic activity of RVV-X: First, the C-type lectin-like 

light chain of RVV-X requires ca2+ for its function, and second, 

ca2+ induces conformational change of the Gla-domain (44), an event 

which might be a prerequisite for recognition by RVV-X and/or for 

concomitant conformational change of factor X susceptible to RVV-X. 

Since no free SH-group was detected in RVV-X, all the cysteine 

residues in RVV-X must be linked with disulfide bridges. Six of 

seven h~lf-cystines in the RVV-X-light chain (LCl) are conserved in 

several C-type lectin-like structures in which the disulfide bridge 

locations have been determined, such as rattlesnake lectin (35), 

acorn banacle lectin (45), sea urchin echinoidin (46) and human 

tetranectin (42). Based on these data, three intrachain disulfide 

bridges of RVV-X-LCl could be assigned by homology as follows: Cys4-

Cysl5, cys32-cys121, and cys98-cys113. Therefore, the remaining 

Cys77 might be involved in an interchain disulfide bridge between 

the heavy and the light chains. Since 34 out of 37 half-cystines in 

88 



the RVV-X-heavy chain are located at the same positions as those of 

HR1B (16), three other cysteine residues Cys27, Cys63 and cys389 are 

unique in the RVV-X-heavy chain (Fig. 7). Among them, cys389 is 

suggested to be the half-cystine participating to form an interchain 

disulfide bridge between the heavy and the light chains, since 

trypsin cleaves the non-reduced heavy chain at several peptide bonds 

only in the amino-terminal half of the heavy chain, under the 

conditions described in Materials and Methods, and since the 

remaining carboxyl-terminal half starting at residue 209 of the 

heavy chain is still bridged with the light chain (data not shown). 

In this regard, the amino-terminal metalloproteinase domain 

composing RVV-X is not linked through disulfide bridges to any other 

domains located in the carboxyl-terminal portion. Six of eight 

half-cystines in this domain are conserved in HR2a and H2-

proteinase, in which the disulfide bridge locations have been 

determined (14,15). Therefore, three intra-chain disulfide bridges 

of this domain could be assigned by homology as follows: Cys120_ 

Cys200, Cys160-cys184, and Cys162-cys167, and the remaining Cys27 

and Cys63 might also form an intrachain disulfide bridge in the 

metalloproteinase domain. Regarding the di~ulfide bonding patterns 

of the ~isintegrin-like domain in RVV-X, it has not been 

established. However, all the positions of cysteine residues found 

in the disintegrin-like domain of RVV-X except for Cys278 are the 

same as those of kistrin (47), in which the disulfide locations have 

recently been deduced from 2D NMR studies (48). 

In Fig. 11, the gross structure of RVV-X is illustrated with 

other known members of snake venom metalloproteinase family. The 

putative precursor protein of trigramin is also a member of this 

familyl. These findings show the structural and evolutional 
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re l ationshi p among these proteins, although each protein has 

diversed functiona l ac tivity. These mosaic structures are also 

analogous to those of mammalian blood coagulation serine proteinases 

(51) and matrix metalloproteina s e s ( 50). While a common domain with 

apparently distinct functions can be defined among these 

proteinases, additional domains unique t o ind i v i dual pro teinases 

will have specific functions. It is presumed t hat RVV- X 

evolutionally acquired substrate speci f ic i ty a s a res ult o f a ssembly 

of metalloproteinase domain and C- type lectin-like domain. 

FOOTNO~E 

1Neeper and Jacobson recently reported the sequence of eDNA f o r 

trigramin, but they did not translate a large nucleotide sequence , 

which is present upstream from the coding region for 72 residues 

mature trigramin (49). We translated the nucleotide sequence o f 

this region into the corresponding amino acid residues and found 

that such a region represents a metalloprot~inase structure 

similar to the venom metalloproteinase family (Fig. 12). The 

trigramin precursor contains an additional 172 res i dues between 

the signal sequence and metalloproteinase domain. This portion 

might be a propeptide found in inactive pro-forms of mammal i an 

matrix metalloproteinases (50). 
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Table l 

Amino acid compositions of RVV-X-heavy ( IIC) , 
and -light chains ( LC1 and LC2a) 

Amino 
acid HC Sequence LC1 Sequence LC2 

Residues/molecule 

Asp 62.8 63 12.0 12 11.4 
Thrb 20.5 21 5 . 2 5 3. 9 
Serb 30.7 29 9. 4 9 11. 5 
Glu 4 0. 1 40 15 . 8 16 16. 5 
Pro 2 0. 1 20 3. 6 3 4 . 3 
Gly 26.9 27 6. 6 6 5. 4 
l\la 2 3. 1 22 5. 4 5 4 . 7 
Vale 21.4 22 7 . 6 7 7. 5 
Met 10.7 11 5. 2 4 4 . 4 
IleC 20.9 22 5. 2 5 4 . 2 
Leu 26.5 25 10.0 10 8 . 6 
Tyr 14.1 14 5.0 5 5. 2 
Phe 14. 9 14 5. 0 5 8.0 
Lys 25.6 26 1 1 . 1 11 9. 3 
His 10.7 10 3. 7 4 3. 5 
Trpd 3. 4 3 3. 5 6 2. 6 
Pece 3 4. 2 37 5. 5 7 5.2 
Arg 2 0. 1 21 3. 3 3 6.7 

GlcNH2 
f + + + 

Total 426.7 427 12 3. 1 123 122.9 

acalculated from average values obtained from 24, 48 and 
72 h hydrolysates. 

bExtrapolation to 0 h. 
cTaken from 72 h hydrolysis. 
dTaken from 24 h hydrolysis with 3 M mercaptoethanesulfonic 

acid. 
es-pyridylethylcysteine. 
f"Glucosamine. 



Table II 

Amino acid compositions of cyanogen bromide peptides derived from RVV-X-heavy chaina 

Amino M2-3 M3 M4 M5 M6 M7-8 M9 M12 
acid 

Residues/molecule 

Asp 14.1 (15) 3. 2 ( 3 ) 2. 3 ( 2 ) 2. 0 ( 2 ) 1 . 1 ( 1 ) 22.5 (23) 10.0 (11) 6. 7 ( 6 ) 
Glu 6. 2 ( 5 ) 5 . 0 ( 5 ) 1. 1 ( 1 ) 18.3 (18) 5. 1 ( 5 ) 2. 8 ( 3 ) 
Ser 6. 5 ( 7 ) 0. 9 ( 1 ) 1. 1 ( 1) 0. 9 ( 1 ) 9. 1 ( 10) 4. 7 ( 5 ) 0. 9 ( 1 ) 
Gly 3. 1 ( 2 ) 1 . 8 ( 2 ) 1. 3 ( 1 ) 1. 0 ( 1 ) 12.9 ( 12) 5. 5 ( 5 ) 2. 4 ( 3 ) 
His 0.9 ( 2 ) 0. 9 ( 1 ) 1. 9 ( 2 ) 1. 6 ( 3 ) 
Arg 2. 6 ( 3 ) 1. 0 ( 1 ) 1. 0 ( 1 ) 1. 7 ( 2 ) 8. 0 ( 8 ) 4. 9 ( 6 ) 0. 8 ( 1) 
Thr 7 . 1 ( 8 ) 2. 0 ( 2 ) 2. 0 ( 2 ) 1 . 0 ( 1 ) 4 . 9 ( 5 ) 1. 8 ( 4 ) 
Ala 5. 9 ( 6 ) 0. 9 ( 1 ) 0. 9 ( 1 ) 1. 9 ( 2 ) 1. 0 ( 1 ) 7. 5 ( 7 ) 2. 9 ( 3 ) 0. 9 ( 1 ) 
Pro 2. 3 ( 1 ) 16.1 (14) 3. 8 ( 4 ) 1. 0 ( 1 ) 
Tyr 1.4 ( 1 ) 1. 0 ( 1 ) 7. 0 ( 7 ) 3. 0 ( 3 ) 1. 3 ( 1 ) 
Val 5. 3 ( 4 ) 2. 9 ( 3 ) 6. 9 1 6 ) 2. 8 ( 2 ) 3. 9 ( 4 ) 
Metb 1 . 1 ( 2 ) 0. 6 ( 1 ) 0.7 ( 1 ) 0.4 ( 1 ) 0. 7 ( 1 ) 1. 7 ( 2 ) 0. 9 ( 1 ) 
Pecc 1. 3 ( 2 ) 0. 6 ( 1) 17.3 (23) 4. 8 ( 7 ) 2. 9 ( 3 ) 
Ile 6. 1 ( 6 ) 0.8 ( 1 ) 1. 5 ( 2 ) 6. 6 ( 7 ) 2. 1 ( 2 ) 0.4 ( 0 ) 
Leu 7. 7 ( 7 ) 1. 6 ( 2 ) 2 . 7 ( 3 ) 2. 0 ( 2 ) 8. 1 ( 7 ) 4 . 1 ( 4 ) 
Phe 4. 0 ( 4 ) 0. 9 ( 1 ) 1.9 ( 2 ) 1. 0 ( 1 ) 2. 4 ( 2 ) 2. 8 ( 3 ) 
Trp n.d.d( 2 ) n.d.e( 1 ) 
Lys 3. 2 ( 4 ) 0. 9 ( 1 ) 0. 7 ( 1 ) 9.5 (10) 5. 0 ( 6 ) 3. 1 ( 3 ) 

GlcNH2 e + + 

Total 81 14 15 24 10 165 67 31 

Position 24-104 91-104 105-119 120-143 144 -153 154-318 319-385 397-427 

avalues in parentheses are taken from the sequence data. 
boeterrnined as homoserine. 
cs-Pyridylethylcysteine. 
d"Not determined. 
eGlucosamine. 



Table II-

Amino acid compositions of lysyl endopeptidase peptides derived from RVV-X-heavy chaina 

Amino K1 K4 K5 K6 K7 K8 K10 Kll K12 K14 K15 K20 K21 K25 
acid 

__ Residues/molecule __ 

Asp 1. 5 ( 1} 9. 0 ( 10} 8. 2 ( 7} 2. 4 ( 2) 4. 0 ( 4) 3. 2 ( 2) 1.2 ( 1) 7. 0 ( 6) 2. 1 ( 1) 3. 6 ( 4) 7.5 ( 6) 2.8 ( 3) 2. 7 ( 3) 2. 3 ( 2) 
Clu 1.1 ( 1) 4. 8 ( 5) 5.7 ( 5) 1. 6 ( 1} 1. 2 ( 1) 1. 9 ( 1) 6.0 ( 6) 2.2 ( 2) 5.7 ( 7) 2. 6 ( 2) 1. 3 ( 1) 1. 5 ( 2) 
Ser 1. 6 ( 2) 5.1 ( 5) 2. 2 ( 2) 1.1 ( 1) 3. 4 ( 5) 2.0 ( 2) 1. 6 ( 2) 1. 3 ( 0) 1. 2 ( 1) 2.0 ( 2) 0. 8 ( 1) 1. 1 ( 1) 0. 8 ( 1) 
Cly 3.9 ( 2) 3. 3 ( 3) 1. 8 ( 2) 0. 4 ( 0) 0. 7 ( 0) 2.8 ( 3) 3. 3 ( 3) 2.7 ( 3) 2. 7 ( 3) 1. 0 ( 1) 0. 4 ( 0) 1. 3 ( 1) 
His 1. 2 ( 1) 0. 9 ( 1) 2.1 ( 3) 0. 9 ( 1) 0. 5 ( 1) 0. 8 ( 2) 
Arg 2. 9 ( 3) 3.2 ( 3) 0. 7 ( 0) 0. 4 ( 0) 1. 8 ( 2) 0. 8 ( 1) 0.9 ( 0) 2. 3 ( 4) 3.0 ( 3) 1. 6 ( 2) 0.6 ( 0) 1. 0 ( 1) 
Thr 0. 9 ( 1) 4. 5 ( 4) 3.4 ( 3) 1. 0 ( 1) 1. 2 ( 1) 1. 3 ( 1) 2.2 ( 3) 0.5 ( 0) 3. 1 ( 3) 
Ala 0 . 7 ( 1) 4 . 3 ( 3) 3.2 ( 3) 1. 7 ( 2) 0.5 ( 0) 2. 7 ( 3) 1.0 ( 1) 2.1 ( 3) 1. 8 ( 2) 1. 3 ( 1) 
Pro 0.5 ( 0) 1. 7 ( 1) 0. 8 ( 0) 1. 8 ( 2) 2. 0 ( 2) 3. 7 ( 4) 1. 4 ( i) 1. 9 ( 2) 2. 3 ( 2) 1. 3 ( 1) 1. 2 ( 1) 

\.0 Tyr 1. 2 ( 1) 1.1 ( 1) 1. 0 ( 1) 2. 7 ( 3) 0.6 ( 0) 1. 0 ( 1) 3.0 ( 2) 1. 0 ( 1) 1. 0 ( 1) 
....._j Val 0. 7 ( 1) 2. 5 ( 4) 1. 6 ( 2) 0. 7 ( 1) 1. 4 ( 2) 1. 6 ( 2) 0.4 ( 0) 1. 4 ( 2) 0. 9 ( 1) 2. 0 ( 2) 

Met 0. 8 ( 1) 1.1 ( 2) 0.2 ( 2) 0. 4 ( 1) 0.5 ( 1) 0. 4 ( 2) 
Pecb 0. 4 ( 0) 0.7 ( 1) 0. 9 ( - 1) 3.2 ( 3) 1. 9 ( 1) 0. 9 ( 1) 7.5 ( 7) 2. 6 ( 4) 2.9 ( 4) 4.7 ( 4) 1. 4 ( 2) 1. 9 ( 2) 0. 7 ( 1) 

Ile 3. 3 ( 6) 1. 7 ( 2) 0.6 ( 1) 0. 8 ( 1) 1.1 ( 1) 0. 9 ( 1) 1. 4 ( 2) 2.0 ( 2) 
Leu 1. 0 ( 1) 5. 5 ( 5) 5. 9 ( 5) 2. 3 ( 2) 1. 3 ( 1) 2. 5 ( 2) 1.1 ( 1) 0. 5 ( 0) 2. 0 ( 2) 1. 7 ( 1) 1. 8 ( 1) 2.0 ( 2) 0. 4 ( 0) 
Phe 0. 8 ( 1) 2. 5 ( 3) 4.0 ( 4) 1. 0 ( 1) 1.0 ( 1) 1. 3 ( 1) 1.1 ( 1) 
Trp n.d. C( 2) n. d. d( 1) 
Lys 1. 0 ( 1) 1. 6 ( 1) 1. 2 ( 1) 1.0 ( 1) 1. 0 ( 1) 1.1 ( 1) 1. 0 . ( 1) 1. 2 ( 1) 1. 9 ( 2) 1. l ( 1) 1.1 ( 1) 1.0 ( 1) 1. 0 ( 1) 

ClcNH 2 
d 

Total 10 58 45 20 21 18 9 38 17 36 33 14 14 15 

Position 1-10 36-93 94-138 139-158 159-179 180-197 200-208 209-246 247-263 266-301 302-334 367-380 381-394 413-427 

avalues in parentheses are taken from the sequence data. 
b~-Pyridylethylcysteine. 
CNot determined. 
dclucosamine. 



Table IV 

Amino acid compositions of lysyl endopeptidase peptides derived from RVV-X-light chain (LC1)a 

Amino K1 K2 K3 K4 KS' K5 K6 K7 K8 K10' K10 
acid 

Residues/molecule 

Asp 1. 2 ( 1) 1. 9 ( 2) 1. 6 ( 2) 3. 1 ( 3) 2. 4 ( 3) 2". 6 ( 3) 0. 8 ( 1) 1. 2 ( 1) 
Glu 2. 1 ( 2) 1. 2 ( 1) 2. 2 ( 2) 6. 9 ( 6) 5. 6 ( 6) 1. 0 ( 1) 3. 1 ( 3) 0. 6 ( 0) 
Ser 1. 6 ( 2) 6. 1 ( 4) 4. 7 ( 4) 0. 8 ( 1) 0. 9 ( 1) 1. 2 ( 1) 0. 9 ( 1) 
Gly 0. 9 ( 1) 1. 0 ( 1) 3. 4 ( 3) 2. 6 ( 3) 1. 1 ( 1) 0.4 ( 0) 
His 0. 9 ( 1) 2. 2 ( 2) 1. 8 ( 2) 0. 9 ( 1) 
Arg 1. 7 ( 1) 1.1 ( 1) 2. 1 ( 2) 
Thr 1. 0 ( 1) 0. 9 ( 1) 1. 1 ( 1) 0. 9 ( 1) 1. 0 ( 1) 1. 3 ( 1) 1. 0 ( 1) 
Ala 0. 9 ( 1) 1. 1 ( 1) 0. 9 ( 1) 1. 8 ( 2) 1. 2 ( 1) 0. 9 ( 1) 

\0 Pro 1. 0 ( 1) 1. 5 ( 1) 1. 1 ( 1) 1.1 ( 1) 1. 0 ( 1) 
00 

Tyr 2. 0 ( 2) 1.4 ( 1) 1. 1 ( 1) 1. 0 ( 1) 1. 0 ( 1) 0. 5 ( 0) 
Val 1. 0 ( 1) 2. 4 ( 3) 1. 9 ( 3) 0. 9 ( 1) 1. 7 ( 2) l. 5 ( 2) 
Met 0. 7 ( 1) 0. 8 ( 1) 0. 7 ( 1) 0. 6 ( 1) 0. 7 ( 1) 0. 7 ( 1) 
Pecb 2. 2 ( 2) 0. 7 ( 1) 0. 6 ( 1) 1. 0 ( 1) 0. 9 ( 2) 2. 2 ( 2) 

Ile 2. 0 ( 2) 1. 6 ( 2) 1. 9 ( 2) l. 2 ( 1) 0. 9 ( 1) 

Leu l. 9 ( 2) 1. 0 ( 1) 5. 0 ( 5) 4. 1 ( 5) 2. 0 ( 2) 0. 6 ( 0) 
Phe 1. 0 ( 1) 1. 0 ( 1) 1. 2 ( 1) 0. 9 ( 1) 2. 1 ( 2) 1. 0 ( 1) 

Trp n. d. c ( 1) n .d ( 1) n. d. ( 2) n .d. ( 2) n. d. ( 1) 
Lys l. 0 ( 1) 1. 0 ( 1) l. 0 ( 1) 1. 0 ( 1) 2. 0 ( 2) 1. 0 ( 1) l. 0 ( 1) 1. 0 ( 1) 1. 0 ( 1) l. 0 ( 1) 1. 0 ( 1) 

GlcNH2 
d + 

Total 17 6 7 6 39 38 13 2 16 14 13 

Position 1-17 18-23 24-30 31-36 37-75 38-75 76-88 89-90 91-106 110-123 110-122 

avalues in parentheses are taken from the sequence data. 
bs-Pyridylethylcysteine. 
CN"ot determined. 
dGlucosamine. 
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Amino acid compositions of cyanogen bromide peptides derived from 
RVV-X-light chain (LCl)a 

Amino Ml M2 M3 M4 M3-4 
acid 

Residues/molecule 

Asp 8. 0 ( 8 ) 1. 1 ( 1 ) 2. 0 ( 2 ) 1. 2 ( 1) 2. 7 ( 3 ) 
Glu 10.4 ( 11) 3.0 ( 3 ) 2. 0 ( 2 ) 5.4 ( 5 ) 
Ser 4. 4 ( 6 ) 1. 7 ( 2 ) 1. 3 ( 1) 3. 5 ( 3 ) 
Gly 4 . 8 ( 5 ) 1.2 ( 1) 0. 8 ( 0 ) 3. 9 ( 1 ) 
His 2.8 ( 3 ) 0. 4 ( 0 ) l . 0 ( 1) 1. 0 ( 1 ) 
Arg 1. 1 ( 1 ) 1. 0 ( 1 ) 0.9 ( 1) 1. 5 ( 1 ) 
Thr 2.9 ( 3 ) 1. 9 ( 2 ) 1. 7 ( 2 ) 
Ala 1.9 ( 2 ) 1. 8 ( 2) 1. 0 ( 1 ) 3. 3 ( 3 ) 
Pro 2.0 ( 2 ) 1. 0 ( 1 ) 1. 0 ( 1 ) 
Tyr 2.9 ( 3 ) 2. 0 ( 2 ) 1. 8 ( 2 ) 
Val 3 . 2 ( 4 ) 1. 0 ( 1) 1. 6 ( 2 ) 2. 4 ( 3 ) 
Metb 0. 6 ( 1 ) 0. 9 ( 1 ) 0.8 ( 1) 0. 6 ( 1) 0. 2 ( 2 ) 
Pecc 2.9 ( 3 ) 0. 7 ( 1 ) 0. 7 ( 1) 1 . 3 ( 2) 1. 3 ( 3 ) 
Ile 2.0 ( 2 ) 1. 0 ( 1) 1 . 7 ( 2 ) 2. 5 ( 3 ) 
Leu 8. 1 ( 8 ) 2. 2 ( 2 ) 2. 7 ( 2 ) 
Phe 3.0 ( 3 ) 1. 9 ( 2 ) 1. 9 ( 2 ) 
Trp n.d.d( 3 ) n. d. ( 1 ) n. d. ( 1) n. d. ( 1 ) n. d. ( 2 ) 
Lys 5. 3 ( 5 ) 1. 2 ( 1 ) 1. 9 ( 2 ) 2. 4 ( 3 ) 3. 5 ( 5 ) 

GlcNH2 e + 

Total 73 6 22 22 44 

Position 1-73 74-79 80-101 102-123 80-123 

avalues in parentheses are taken from the sequence data. 
boetermined as homoserine. 
cs-Pyridylethylcysteine. 
d"Not determined. 
eGlucosamine. 



FIG. 1 . Separation of RVV-X-heavy ( HC) and light chains ( LC) . 

S-pyridylethylated RVV-X was subjected to gel filtration HPLC on 

G3000SW equilibrated with 0. 1 M sodium phosphate buffer, pH 6.0, 

containing 6 M guanidine hydrochloride and 1 mM EDTA. The inset lS 

I 

12.5 % SDS-PAGE analysis of the isolated HC and LC. The gels were 

stained with Coomassie Brilliant Blue R-250. 

FIG. 2. Separation of RVV-X-light chains, LCl and LC2, by 

reversed phase HPLC. The fraction LC shown in Fig. 1 was applied 

to a column of Vydac 214TP5415. The proteins were eluted at room 

temperature with a linear gradient of acetonitrile containing 0.1 % 

TFA at a flow rate of 0.5 ml per min. The inset is 12.5 % SDS-PAGE 

analysis of the isolated LC1 and LC2. The gels were stained with 

Coomassie Brilliant Blue R-250. 

FIG. 3. The complete amino acid sequence of RVV-X-heavy 

chain. Amino acid residues are given in single letter code. 

Residues determined by Edman degradation are given below the 

summarized sequence. Dashes indicate unidentified residues. N­

linked sugar chains are shown by 4t. Pe-heavy chain, S-

pyridylethylated heavy chain; M, CNBr-cleaved peptides; K, lysyl 

endopeptidase-digested peptides; D, endoproteinase Asp-N-digested 

peptides; T, tryptic peptides; C, chymotryptic peptides. 

FIG. 4. Separation of CNBr fragments derived from Pe-heavy 

chain on a TSK G2000SW column. The same conditions as described 

for FIG. 1 were used. Fragments M5 and Ml2, and M3, M4, and M6 were 
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separated by reversed phase HPLC on a column of Cosmosil 5C4-300 

(data not shown). 

FIG. 5. Separation of lysyl endopeptidase-digested peptides 

derived from Pe-LCl by reversed-phase HPLC. The digest was 

applied to a column of pBondasphere C8. A flow rate is 0.2 ml per 

min. Other conditions are the same as those described for FIG. 2. 

FIG. 6. The complete amino acid sequence of RVV-X-light 

chain (LCl). Amino acid residues are given in single letter code. 

Residues determined by Edman degradation are given below the 

summarized sequence. Dashes indicate unidentified residues. N­

linked sugar chain is shown by tt. Pe-LCl, S-pyridylethylated LC1; 

K, lysyl endopeptidase-digested peptides; M, CNBr-cleaved peptides; 

E, V8 protease-digested peptides. 

FIG. 7. Structural comparisons of RVV-X-heavy chain with 

other proteins. The entire amino acid sequence of RVV-X-heavy 

chain (427 residues) is similar to that of HR1B (416 residues). HR1B 

is a high molecular mass hemorrhagic metalloproteinase isolated from 

the venom of Trimeresurus flavoviridis (16). A, Sequence comparison 

of the amino-terminal regions of RVV-X-heavy chain and HR1B with 

HR2a, HT-2, hemorrhagic toxin d (Ht-d) and H2-proteinase. HR2a (14), 

HT-2 (17), Ht-d (29) and H2-proteinase (15) are low molecular mass 

metalloproteinases isolated from the venoms of T. flavoviridis, C. 

ruber ruber, Crotalus atrox, and T. flavoviridis, respectively. The 

residues shared by hemorrhagic metalloproteinases HR1B, HR2a, HT-2, 

and Ht-d and not shared by non-hemorrhagic H2-proteinases and RVV-X 
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are boxed. Residues conserved in all the proteins are shown at the 

bottom. The putative zinc ligands and active site are indicated by A 

and ~, respectively. B, Comparison ~nd alignment of the carboxyl­

terminal regions of RVV-X-heavy chain and HRlB with several 

disintegrins. Trigrarnin (30), echistatin (31), bitistatin (32) and 

barbourin (33) are all viper venom platelet aggregation inhibitors, 

called disintegrins, isolated from the venoms of Trimeresuras 

gramineus , Echis carinatus, Bitis arietance, and Sistrurus m. 

barbouri, respectively, Residues conserved in all the proteins are 

shown at the bottom. Arg-Gly-Asp sequences are boxed. 

FIG. 8. Inhibition of platelet aggregation by RVV-X. PRP was 

incubated with Tris-HCl buffer saline, pH 7.5 or various 

concentrations of RVV-X at 37 °C for 3 min before addition of 

collagen or ADP. Other details are described under "Materials and 

Methods". 

FIG. 9. Alignment of the amino acid sequence of RVV-X-light 

chain (LCl) and those of C-type lectin structures. Proteins 

on upper 4 lanes are originated from snakes, and proteins on lower 6 

lanes are originated from mammals. RSL, rattlesnake lectin from the 

venom of Crotalus atrox (35); PLIA, phospholipase A2 inhibitor A 

from blood plasma of Trimeresurus flavoviridis (36); IX/XBPA, factor 

IX/factor X-binding protein A chain from the venom of T. flavoviridis 

(37); MLHR, mouse lymphocyte homing receptor (38); RKCR, rat Kupffer 

cell receptor (39); RMBPA, rat mannose-binding protein A (40); HFCER, 

human lymphocyte IgE receptor (41); HTET, human tetranectin (42); 

HPSAP, human pulmonary surfactant associated protein (43). Residues 
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conserved in more than seven proteins are boxed. Dashes are inserted 

to maximize similarity. 

FIG . 10. Inhibition of the RVV-X-catalyzed factor X 

activation by IX/X-bp. Factor X (3.6 pM) was activated by RVV-X 

(3.6 nM) in the presence of various concentrations of IX/X-bp (0 -7.2 

pM). The factor Xa activity generated was measured using~-

benzyloxycarbonyl-L-pyroglutamyl-Gly-Arg-4-methylcoumaryl-7-amide as 

a substrate. The activity in the absence of IX/X-bp was set as 100 

%. 

FIG. 11. Gross structures of snake venom metalloproteinases. 

a, Low molecular mass metalloproteinase including HR2a, HT-2, Ht-d 

and H2-proteinase (14, 17, 29 and 15). b, Precursor protein of 

trigramin deduced from its eDNA sequence (49). c, High molecular 

mass metalloproteinase HR1B (16). d, RVV-X. Identified and 

potential N-linked sugar chains are shown by 4t and (). The 

locations of conserved HEXXH sequence are indicated. 

FIG. 12. The amino acid sequence deduced from the previously 

reported eDNA sequence encoding trigramin. Nucliotide sequence 

(upper) is taken from Ref. 49 and amino acid sequence is deduced 

(lower). Putative signal sequence is double-underlined. The 

potential attachment sites for N-linked sugar chains are indicated by 

e. The region that are homologous to the metalloproteinase domain 

is indicated. The zinc-chelating HEXXH sequence is boxed. The amino 

acid sequence of mature trigramin is underlined. 
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10 20 ~ 40 50 60 ... 80 90 100 110 
LVSTSAQFNKIFIEL VI IVD ITMALK~TATNTKIYE IVNSANEIFNPLNIHVTLIGVEFWCDRDL~SSADKTLNSi'GKWRASDLMTRltSHDNALLi'TDMRi'DLNT 
Pe-heavy chain 
LVSTSAQFNKIFIELVIIVDITMALKC-STA--> M4 

M2-3 M3 RFDLNT 
ALKC-STATNTKIYEIVNSANEIFNPLNIHV--> TRKS-DNALLFTD-

Kl 
LVSTSAQFNK 

K2 
IFIELVIIVDI-MALK 

K4 
IYEIVNSANEIFNPLNIHVTLIGVEFWCDRDLI-VTSSADETLNSFG--> 

D5 

K5 
SHDNALLFTDMRFDLNT 

D9 
DETLNSFGEWRAS DLNT 

K4T2 
DLI-VTSSADETLNSFGEWR 

K4T3 
ASDLMTR 

120 130 140 150 160 1 170 180 1 190 200 210 220 
LGITi'LAGMCQAYRSVK IVQKQGNRNFKTAVIMABELSBNLGMYHDGimCI SSCVMSPVLSDQPS!t!3S CSIHDYQRYLTRYKPXCii'NPPLRXDIVSPPVCGNEI 

M5 MB 
(M4) CQAYRSVEIVQEQGNRNFKTAV-- M7-8 SPVLSDQPSKLFS-CSIHDYQRYLTRYKPKC--> Kll 
LGITFLAGm M6 Y-DGKNCIC-DSSCV-SPVL--> KB KlO DIVSPPVCGNEI 

--ELSHNLG- K7 LFS-CSIHDYQRYLTRYK CIFNPPLRK 
K6 NCIC-DSSCVMSPVLSDQPSK Dl3 

(K5) TAVIMAHELSHNLGMYHDGK DYQRYLTRYKPKCIFNPPLRK 
LGITFLAGMCQAYRSVEIVQEQGNRNFK M7-8Cl D14 

(D9) KPKCIF DIVSPPVCGNEI 
LGITFLAGMCQAYRSVEIVQ--> M7-8C2 

NPPLRKDIVSPPVCGNEI 
230 240 250 260 270 280 290 300 310 320 330 

WKKGKKCDCGSPANCQNPCCDAATCXI.JitPGAKCGNGLCCYQCKIK""-AGTVCRRARDECDVPEBCTGQSAKCPRDQLQQNG!G'CQNNRGYCYNGDCPIMRN~ISL'ZGSRA 
M9 

(Kll) 
WEEGEECDCGSPANCQNPCCDAA---

K15 RNQCISLFGSRA 
K14 PCQNNRGYCYNGDCPIMRNQCISLFGSRA 

D15 K12 TAGTVCRRARDECDVPEHCTGQSAECPRDQLQQNGK 020 
(D14) DCGSPANCQNPCC LKPGAECGNGLCCYQCK 
WEEGEEC Dl6 

(M7-8C2) DAATCKLKPGAECGNGLC-YQCKIKTAGTVCR-AR 
WEEGEECDCGSP--> M7-8C4 M7-8C5 

M7-8C3 KLKPGAECGNGL QCKIKTAGTVC 
NCQNPCCDAATC M7-8C6 

-RARDECDVPEHCTGQ 

M7-8C7 
SAECPRDQLQQNGKPC 

340 350 360 370 380 390 400 410 420 

DCPIMRNQCISLFGSRA 
D20' 
DCPIMRNSCISLFGSRA 

NVAIIDSCFQKNLKGSYYGYCRDNGRKIPCAPQDVKCGRLFCLNNSPRNRNPCNMHYSCMDQBKGMVDPGTKCXDGXVCNNRRQCVDVN'V..YQSTTG 
rmJ m2 
NVAKDSCFQENLKGSYYGYCRKEN-RKIPCAPQ--> VDPGTKCEDGKVCNNKRQCVDVNTAYQ----

(K15) M9K5 K21 K25 
NVAK IPCAPQDVK NPCNMHYSCMDQHK RQCVDVNTAYQSTTG 

D21 K20 023-24 026 
DSCFQENLKGSYYGYCRKENGRKIPCAP- CGRLFCLNNSPRNK DQHKGMVDPGTKC- DVNTAYQSTTG 

(D20) D22 D25 
NVAK DVKCGRLFCLNNSPRNKNP -NMHYSCM DGKVCNNKRQCV 

(D20,) 
NVAK 
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10 20 30 40 so 60 70 
VLDCPSGWLSYEQHCYKGFNDLKNWTDAEKFCTEQKKGSHLVSLHSREEEEFVVNLISENLEYPATWIGL 

Pe-LCl 
VLDCPSGWLSYEQHCYKGFNDLK-WTDAEKFCT-QKKG--> 

K2 K4 K5 
GFNDLK FCTEQK GSHLVSLHSREEEEFVVNLISENLEYPAT- IGL 

K3 K5' 
-WTDAEK KGSHLVSLHSREE--FVVNLIS-NLE-PA--> 

Ml K5E3 
VLDCPSGWLSYEQHCYKGFNDLK- -TDAEKFC--QKKG--> NLEYPATWIGL 

80 90 100 110 120 
GNMWKDCRMEWSDRGNVKYKALAEESYCLIMITHEKEWKSMTCNFIAPWCKF 

(K5) 
GNM--

KB 
ALAEESYCLIMITHEK 

KlO' 
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A. 
RWXH 
HRlB 
HR2a 
HT-2 
Ht -d 
H2 
Consensus 

RVVXH 
HR1B 
HR2 a 
HT-2 
Ht- d 
H2 
Consensus 

RVVXH 
HR1B 
HR2a 
HT-2 
Ht-d 
H2 
Consensus 

B. 
RVVXH 
HR1B 
Trigramin 
Echistatin 
Bitistatin 
Barbour in 
Consensus 

RWXH 
HR1B 
Trigramin 
Echistatin 
Bitistatin 
Barbour in 
Consensus 

RWXH 
HRlB 
Consensus 

RWXH 
HR1B 
Consensus 

I 

I 

1 10 20 30 40 50 60 70 
LVSTSAQFNK I F IELVIIVDHSMAKKCNSTATNTKIYEIVNSANEIFNPLNIHVTLIGVEFWCDRDLINV 
<EQRFPRRYIKLAIVVDHGIVTKHHGNLKKI~KWIYQLVNTINNIYRSLNILVALVYLEIWSKQNKITV 
<EQRFPQRYIELAIVVDHGMYTKYSSNFKKI KRVHQMVNNINEMYRPLNIAITLSLLDVWSEKDLITM 

<ENLPQSYIELVVVADHRMFMKYNSDLNTI TRVHEIVNFINEFYRSLNIRVSLTDLEIWSOQDFITV 
<EQNLPQRYIELVVVADHRVFMKYNSDLNTI TRVHEIVNFINGFYRSLNIHVSLTOLEI WSNEOQINI 

<ERFPQRYIELAIVVDHGMYKKYNQNSOKIKVRVHQMVNfiiNEMYRPLNIAISLNRLQIWSKKOLJTV 
----------I----V-----------------------VN--N-----LNI---L-----W-----1--

80 90 100 110 120 130 J~O 
TSSADETLNSFGEWRASDLMTRKSHDNALLFTDMRFDLNTLGITFLAGMCQAYRSVEIVQEQGNRNFKTl\ 

~
ASNVTLDLFGDWRESVLLKQRSHDC~LLT~I FDGPTIGKAYTASMCDPKRSVGIVQDYSPINLVVl\ 
VAPTTARLFGOWRETVLLKQKDHDH LLT I FTGNTIGWAYMGGMCNAKNSVGIVKOHSSNVF'MVA 
SAKNTLHSFGEWRKSVLLNRKDHDN LLT I LOOYTLGLAY LNSMCHPRNSVGLIQDHSPINLLMG 
ASSOTLNAFAEWRETDLLNRKSHON LLT T LOEETLGLAP LGTMCOPKLSI GI VQDHSPINLLMG 

KSASNVTLESFGNWRETVLLKQQNNDCAHLLTATNLNONTI GLAYKKGMCNPK LSVGLVQDYSPNVFMVA 
------T---F- - WR---L----- - 0 - A- L- T-- - ----T-G------MC----S---------------

150 160 170 180 1 90 200 
VIMAHELSHNLGMYHDGKN-CICNDSSCVMSPVLSDQPSKLFS NCSI HO YQRYLTRYKPKCIFNPPLRKD 
VIMTHEMGHNLGIPHOG-NSCTCGGFPCIMSPMISOPPSELFSNCS~QTFLTOHKPQCILNAPSKTD 
VTMTHEIGHNLGMEHODKDKCKCEA--CIMSAVISDKPSKLFS DCSKO QTFLTNSKPQC11NAP 
VTMAHELGHNLGMEHDGKD-CLRGASLCIMRPGLTPGRSYEFSDAS QKFLDQYKPQCILNKP 
VTMAHELGHNLGMEHOGKO-CLRGASLCIMRPGLTKGRSYEFSDOSMH ERFLKQYKPQCILNKP 
VTMTHELGHNLGMEHDOKOKCKCEA--CIMSOVISOKPSKLFSOCSKNOYQTFLTKYNPQC I LNAP 
V-M- HE--HNLG--HO-- - -C------C-M-- ----- - S- -FS- - S---Y---L----P-CI-N-P---0 
~ A 

210 220 230 240 250 2 60 270 
IVSPPVCGNEIWEEGEECOCGSPANCQNPCCOAATCKLKPGAECGNGLCCYQCKI KTAGTVCRRARDEC 
IVSPPVCGNELLEAGEECOCGSPENCQYQCCOAASCKLHSWVKCESGECCOQCRFRTAGTECRAA~SEC 

EAGEOCOCGSPAN- - P- CCOAATCKL I PGAQCGEGLCCDQCS F I EEGTVCRI RG L­
ECESGPCCRN CKF LKEGTICK 

SPPVCGNK I LEQGEOCOCGSP ANCQDQCCNAA TCKLTP GS QCNHGECCOQCKFKKl\.RTVCRI f~Gr -
EAGEECOCGSPEN--P - CCOAATC KLRPGAQCADGLCCOQCRFMKKGTVCRVAKGD­

IVSPPVCGN- --E- GE-COCGSP - N----CC-AA-C KL- ----C--G - CC--C------T-C--1\----

280 290 300 310 320 330 3 40 
DVPEHCTGQSAECPRDQLQQNGKPCQNNRGYCYNGOCPIMRNQCISLFGSRANVAKDSCFQENLKGSYY 
DIPESCTGQSAOCPTORFllRNGQPCLYNHGYCYNGKCPIMFYQCYFLFGSNATVAEOOCFNNNKKGDKY 
OLDOYCNGRSAGCPRNPFH 
DMODYCNGKTCDCPRNPHKGPAT 
WNDDYCTGKSSNCPWNH 
WNOOTCTGQSADCPRNGLYG 
-----C-G----CP---- -----PC--N- GYCYNG-CPIM--QC-- LFGS-A- VA- 0 -CF--N-KG--Y 

350 360 370 380 390 400 ~10 

GYCRKENGRKIPCAPQOV1'\CGRLFCLNNSPRNKNPCNMHYSCMDQHKGMVDPGTKCEOGKVCNNKRQCV 
FYCRKENEKYIPCAQEOVKCGRLFCONKK----YPCHYNYS - EOLDFGMVDHGTKCAOGKVCSN-RQCV 
-YCRKEN---IPCA- -OVKCGRLFC - N-------PC - --YS--0 -- -GMVD -GTKC- OGKVC-N-RQCV 

420 
OVNTAYQSTTG 
DVNEAYKS 
OVN-AY-S---

110 
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10 20 30 40 so 60 70 

RVVXLC1(1-123) :VLDCPSGWLSYEQ!j' GFND~T~IQI---~LHSRE~EFVVNLISENLEYPAT-1 
RSL(l-133) : NNCPLDWLPMNGL IFNQ WE~ Y H--- FHRYG~LEIAEYISDYHKGQENV 
PLIA(33-143) :TVNNARSFGSGSE SNKE FEPLKE EA- IPSP NQNKAF-ASV-LERHNKAAYL------
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HFCER(160-284) :CNTCPEKWINFQRK~FGKG WV~Y 
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CGCTCAGGTTGGCTTGAAAGCAGGAAGAGATTGTCTGTCTTCCAGCCAAATCCAGTCTCCAAAATGATCCAAGTTCTTTTGATAACCATATGCTTAGCAGTTTTTCCTTATCAAGGGAGC 120 tti Q V L LIT I C LA V F P X 91S 
- 0 -10 - 1 

TCCATAATCCTGGAATCTGGGAATCTTAATGATTATGAAGTAGTGTATCCAGAAAAAGTCACTGCATTGCCCAAAGGAGCTGTTCAGCAAAAGTATGAAGACGCCATGCAATATGAATTT 240 
S I I L E S G N L N D Y E V V Y P E K V T A L p K G A V Q Q K Y E D A M Q Y E F 

10 20 30 40 
AAGGTGAATGGAGAGCCAGTGGTCCTTCACCTGGAAAAAAATAAAGGACTTTTTTCAGAAGATTACAGCGAGATTCATTATTCCCCTGATGGCAGAGAAATTACAGCATACCCTTCGGTT 360 
K V N G E P V V L H L E K N K G L F S E D y S E I H Y S P D G R E I T A Y P S V 

50 60 70 80 
GAGGATCACTGCTATTATCATGGACGCATCGAGAATGATGCTGACTCAACTGCAAGCATCAGTGCATGTGATGGTTTGAAAGGACATTTCAAGCTTCAAGGGGAGATGTACCTTATTGAA 480 
E D H C Y Y H G R I E N D A D S T A S I S A C D G L K G H F K L Q G E M Y L I E 

90 100 110 120 
CCCTTGGAGCTTTCCGACAGTGAAGCCCATGCAGTCTTCAAATATGAAAATGTAGAAAAAGAGGACGAGCCCCCCAAAATGTGTGGAGTAACCCAGAATTGGGAATCATATGAGTCCACC 600 
P L E L S D S E A H A V F K Y E N V E K E D E p p K M C G V T Q N W E S Y E S60 T 

130 140 150 1 
AAAAAGGCCTCTCAGTTAAATGTTACTCCTGAACAACAAAGATTCCCCCAAAGATACATTAAGCTTGGTATATTTGTGGACCACGGAATGTACACAAAATACAGTGGCAATTCTGAAAGG 720 
K K A S Q L N V T P E Q Q R F P Q R Y I K L G I F V D H G M Y T K Y S G N S E R e 170 • (Metalloproteinase Domain) 190 200 
ATAACAAAAAGGGTACATCAAATGATCAACAATATAAATATGATGTGCAGAGCTCTGAATATTGTTACAACACTGAGTGTCCTAGAAATTTGGTCCGAAAAAGATTTGATTACGGTGCAG 840 
I T K R V H Q M I N N I N M M C R A L N I V T T L S V L E I W S E K D L I T V0 Q 

210 220 230 24 

GCATCAGCGCCTACTACTTTGACCTTATTTGGAGCCTGGAGAGAGACAGTCTTGCTGAATCGCACCAGTCATGATCATGCTCAGTTACTCACGGCCACTATCTTCAATGGAAACGTTATA 960 
A S A P T T L T L F G A W R E T V L L N R T S H D H A Q L L T A T I F N G · N V0 I 

250 260 • 270 28 
GGAAGGGCTCCCGTGGGCGGTATGTGTGACCCGAAGCGTTCTGTAGCAATTGTTCGGGATCATAACGCAATAGTTTTTGTGGTTGCAGTTACAATGACCCATGAGATGGGTC TAATCTG 1080 
G R A P V G G M C D P K R S V A I V R D H N A I V F V V A V T ~ T H E M G H N L 

290 300 310 320 

GGCATGCATCATGATGAAGATAAATGTAATTGTAACACATGCATTATGTCTAAAGTGTTAAGCCGCCAACCTTCCAAATATTTCAGCGAATGTAGTAAGGATTATTATCAGACATTTCTT 1200 
G M H H D E D K C N C N T C I M S K V L S R Q p S K Y F S E C S K D Y Y Q T F L 

330 340 350 360 
ACTAATCATAACCCACAATGCATTCTCAATGCACCCTTGAGAACAGATACTGTTTCAACTCCAGTTTCTGGAAATGAACTTTTGGAGGCGGGAGAAGATTGTGACTGTGGCTCTCCTGCA 1320 
T N H N P Q C I L N A P L R T D T V S T p V S G N E L L ~ ~ G E 0 C 0 C G S b A 
(Metalloproteinase Domain) • 380 3 0 4 0 
AATCCGTGCTGCGATGCTGCAACCTGTAAACTGATACCCGGGGCGCAGTGTGGAGAAGGACTGTGTTGTGACCAGTGCAGCTTTATAGAAGAAGGAACAGTATGCCGGATAGCAAGGGGT 1440 
N P C C D A A T C K L I P G A Q C G ~ G L C C D Q C S F I E E G T V C R I A R G 

410 4 0 430 440 
GATGACCTGGATGATTACTGCAATGGCAGATCTGCTGGCTGTCCCAGAAATCCCTTCCATGCCTAACCAACAATGGAGCTGGAATGGTCTGCAACAGCAACAGGCAGTGTGCTGATGTGA 1560 
D D L D D Y C N G R S A G C P R N P F H A 

450 460 462 
ATACAGCCTACTAATCAACCTCTGGCTTCTCTCAGATTTGATTTTGGAGATCCTCCTTCCAGAAGGTTTGGCTTCCCTGTAGTCCAAAGAGACCCATCTGCCTGCATCCTACTAGTAAAT 1680 

CACTCTTAGCTTTCATATGGAATCTAAATTCTGCAATATTTCTTCTCCATATTTAATCTGTTTACCTCTTGCTGTAATCAAGCCTTTTTCCCACCACAAAGCTCCATGGATATGTACAAG 1800 

ACCAAGGGCTTATTTGCTGTCAAGAAAAAAAAATAGCCATTTTACCGTTTCCCAATTCCAGAGCACATTTAATGCAACAGGTTCTGCCTTTAGAGCTGGTGTATTCAAAGTCAATGTTTC 1920 

CTCTCCCTCTCCCAAAATTTCATGCTGGCTTTCCAAGATGTAATTGCTTCCATCAATAAACTCACTATTCTCATTC~ 2017 

Fig. 12 



CONCLUSION 

Previously, we have shown that a low molecular weight 

hemorrhagic protein (HR2a, 202 amino acid residues) isolated from 

venom of Trimeresurus flavoviridis is a member of new subfamily of 

metalloproteinases. In the present study, the complete amino acid 

sequences of a high molecular mass hemorrhagic protein HR1B 

isolated from the same venom and RVV-X, the blood coagulation 

factor X activating enzyme, isolated from Russell's viper venom 

have been determined. Moreover, the structure-function 

relationship of these enzymes have been studied. HR1B, is a 

mosaic protein composed of 416 amino acid residues containing four 

Asn-linked oligosaccharide chains. The amino-terminal half 

(residues 1-203) of HR1B contains a metalloproteinase domain, the 

sequence of which is 62 % identical with that of HR2a and 52 % 

identical with that of Ht-d isolated from the Crotalus atrox 

venom. The most interesting findini is that the middle region 

(residues 204-300) of HR1B shows a striking similarity to 

disintegrins, Arg-Gly-Asp-containing platelet aggregation 

inhibitors, recently found in several viper venoms. This result 

suggests that the middle portion of HR1B may be important to 

stimulate synergistically hemorrhagic activity with the amino­

terminal metalloproteinase domain. Interestingly, however, this 

region of HR1B does not contain the Arg-Gly-Asp-sequence which is 

known to be a putative binding site in the disintegrin to the 

platelet fibrinogen receptor, glycoprotein IIb/IIIa complex. 

On the other hand, RVV-X (Mr 79,000) consisted of a 

disulfide-bonded two-chain glycoprotein with a heavy chain of Mr 

59,000 and a light chain of heterogeneous Mr 18,000 (LC1) or 

116 



21,000 (LC2). The heavy chain had 427 residues containing four 

asparagine-linked oligosaccharides, and its entire sequence was 

similar to that of HRlB. The heavy chain contained three distinct 

domains, metalloproteinase, disintegrin (platelet aggregation 

inhibitor)-like and unknown cysteine~rich domains. The light 

chain LCl consisted of 123 amino acid residues containing one 

asparagine-linked oligosaccharide and showed a sequence homology 

similar to those found in the so-called C-type (Ca2+_dependent) 

lectin. Therefore, RVV-X is a novel metalloproteinase containing 

a mosaic structure with disintegrin-like, cysteine-rich, and C­

type lectin-like domains. RVV-X potently inhibited collagen- and 

ADP-stimulated platelet aggregations, probably via its 

disintegrin-like domain, although this domain does not contain the 

Arg-Gly-Asp sequence which is conserved in various venom 

disintegrins and which is thought to be one of the interaction 

sites for platelet integrins. Our findings also indicate that 

snake venom factor IX/factor X-binding protein with a C-type 

lectin structure inhibits the RVV-X-catalyzed factor X activation, 

hence, the light chain of RVV-X probably participates in 

recognizing some portion of the zymogen factor X. 

These findings indicate the structural and evolutional 

relationship among these proteins, although each protein has 

diversed functional activity. These mosaic structures are also 

analogous to those of mammalian blood clotting serine proteinases 

and matrix metalloproteinases. While a common domain with 

apparently distinct functions can be defined among these 

proteinases, additional domains unique to individual proteinases 

may have specific functions. 
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