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ABSTRACT. 

To understand the blood feeding strategy of black flies, three major experiments on the 

anticoagulant components of their saliva were conducted. These included investigations 

on anticoagulant activities against factor Xa and thrombin in the salivary gland extracts 

(SOE) of Simulium argus Williston, S. vittatum Zettersted, S. lIIetallicl/lIl Bellardi, and S. 

oclzraceum Walker using in vitro, chromogenic substrate based enzyme inhibition assays, 

biochemical and molecular characterization of the anti-thrombin component of the saliva 

of S. vittatum and, determination of the target enzyme in the vertebrate coagulation 

cascade, of a novel anticoagulant from the saliva of S. vittatlllll . 

The study on unticoagulant activities in the four simuliid species revealed factor Xa 

inhibition to be common in all four species while thrombin inhibition was detected only 

in S. argus and S vittatllm. Both bovine and human ex - thrombins were inhibited with 

the highest activity occurring with S. argus SOE. Factor Xa inhibition was highest in S. 

oc!zraceum which is an anthropophilic species und vector of Onchocerca Va/VII/lis, and 

lowest in S. vittatum, a primiparous autogenous species that is also zoophilic. Total 

soluble SOE protein also varied among the four species with the highest concentration 

measured in S. oclzraceum and the lowest in S. vittatufll. A positive correlation (r = 0.89) 
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was observed between amount of soluble protein and percent inhibition of factor Xa for 

the four species. 

In the second experiment, the anti-thrombin component of the saliva of S. l'ittafil/ll was 

purified using a two-step reverse phase (RP) high performance liquid chromatography 

(HPLC) hlvolving a C-8 macrosphere column. The molecular weight of the HPLC 

purified inhibitor was determined by laser desorption ionization mass spectrometry (LDI

MS) at the Harvard Microchemistry Facility (HMF) and was found to be 11,333 daltons. 

Studies on the effect of the molecule on other serine pl'oteinases stich as a -

chymotrypsin, human neutrophil elastase, and human neutrophil cathepsin G showed that 

they are inhibited by the salivary anticoagulant; thus, its activity is not specific to 

thrombin only. Determination of the N-terminal sequence for the first 35 amino acids 

with one undetermined amino acid at position 15 was made. The molecule has been 

named Simulidin. 

In the third experiment, a novel anticoagulant from the saliva of S. l'iffafll/1l, with 

activities on factor V, was demonstrated using the activated partial thromboplastin time 

(APTT) in HPLC partially purified salivary lysate. The molecule was observed to have 

no effect on factor Xu and thrombin as determined with the ill vifro chromogenic 
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substrate based enzyme inhibition assays. 

An experiment aimed at purifying and sequencing the anti-fuctor Xa component of the 

saliva of S. vittatum (see Appendix III) using a two-step purification procedure involving 

a weak cationic column and an RP C-8 column was also carried out. The molecular 

weight of the purified product was dl!termined by LDI-MS at the HMF and was found 

to be 9,859 daltons. This finding contradicts the previously reported molecular weight 

of 18,000 daltons. The amino acid composition revealed a molecule rich in glycine thus 

concurring with that of previous findings. Due to the low amount of the purified product 

N-terminal sequencing was not carried out. Possible explanations for the discrepancy in 

the molecular weight are discussed. 
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CHAPTER 1. 

INTRODUCTION. 

The strategy of blood-feeding by arthrJpods and other hematophagous organisms includes 

the production of certain proteins/peptides by the salivary glands that impair the 

coagulation of blood when injected along with the saliva into the host. Although early 

workers showed that anticlotting compounds are associated with the saliva of blood 

feeders (Cornwall and Patton, 1914; Hutcheon and Chivers-Wilson, 1953), they were not 

able to identify with certainty the specific factors that inhibited the blood coagulation 

cascade because the inhibitors were not isolated in a pure state and most experiments 

were based on crude homogenates of whole salivary glands. Improvements in 

chromatographic techniques, especially the advent of high performance liquid 

chromatography (HPLC) and more specific assay systems, have contributed towards the 

advancement of protein purification from gland extracts. These methodologies, in 

conjunction with technical advances in molecular biology, have greatly facilitated the 

determination of the exact structure of the inhibitory molecules. 

The first anticoagulant from a blood sucking animal to be completely purified was 

Hirudin, a thrombin inhibitor with a molecular weight of 7 kD. This molecule was 
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isolated from the salivary glands of the European leech Hirudo met/icillalis (Markwardt, 

1970). This was followed by the isolation of a plasminogen activator, Hementerin, from 

Haementria lutzi by Kellen and Rosenfield (1975). Malinconico et al. (1984) described 

yet another anticoagulant, Hementin, u 120kD proteinase, with fibrinolytic activity from 

the salivary glands of the leech Haemelltria ghilialli. Subsequently, Antistasin, a factor 

Xa inhibitor with a molecular weight of 17 kD, was isolated from the Mexican leech 

Haementria officinalis (Tuszynski et al. 1987). Waxman et al. ( 1990) described a 10 kD 

protein with anti-Xa properties in the saliva of the argasid tick, Omit/wt/oros II/ol/hata. 

More recently Strube et al. (1993) isolated Haemadin - a 5 kD anti-thrombin from the 

Indian leech, Haemadipsa sylvestris. 

The amino acid composition and sequence of the four inhibitors mentioned above, (except 

for Hementerin and Hementin), have been determined, and the potential of three of them, 

(except for Haemadin, Hementrin, and Hementin), as chemotherupeutic agents directed 

against blood coagulation disorders has been evaluated (Vlasuk et al. 1991). In spite of 

the fact that other anticoagulants have been demonstrated in the saliva of other 

hematophagous taxa, neither their amino acid or sequence have been determined. One 

such example is anti-factors V and VII from the saliva of Dermacellfor andersoni, a hard 

tick. 
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Although salivary anticoagulant activities have been shown for some insects, (including 

Simulium spp., (Yang and Davis 1974» (Hudson, 1964; Hutcheon and Chivers-Wilson, 

1953; Cornwall and PaUon, 1914), it is only recently that a purified protein, with anti-Xa 

properties have been demonstrated. This protein was partially characterized by Jacobs et 

a1. (1990) from the salivary glands of Simulium vittatum and shown to have a molecular 

weight of 18 kD with a blocked N-terminus. In addition to the presence of the anti-X a, 

Jacobs et a1. (1990) discovered that S. vittatum salivary glands inhibited thrombin as well 

as the prothrombinase complex. Although the molecular weight and general amino acid 

composition of the anti-Xa was demonstrated, its amino acid composition and sequence 

are not known. Also, no further molecular characterization of (hl~ anti-thrombin was 

pursued. Even though Jacobs et al. (1990) reported the inhibition of the prothrombinase 

complex by the crude salivary gland homogenate of S. vittatllm under ill vitro conditions, 

they did not describe the exact identity of the inhibitorls involved. Therefore, it is not 

clear as to whether the anti-Xa and the anti-thrombin act in concert to bring about 

inhibition of the prothrombinase complex or a yet unidentified inhibitor is playing a role 

to bring about this effect. Despite the fact that inhibitors of the coagulation cascade are 

reported from the saliva of S. vittatum, it is not known if the strategy of inhibiting factor 

Xa and thrombin is common among other members of the genus Simulium that feed on 

vertebrate blood. 
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To examine these issues, this study addressed the following: a) determination of the 

presence of proteins in the saliva of other members of the genus SimuliulIl with properties 

that act to compromise the activities of factor Xa and thrombin in the blood coagulation 

cascade of vertebrates, b) determination of other salivary inhibitors that act as 

anticoagulants and c) elucidation of the molecular weight, amino acid composition and 

sequence, and other properties of the anti-thrombin molecule. 

Studies were designed with the following questions in mind: 

i-Is the strategy of inhibiting both factor Xa and thrombin common among members 

of the genus Simulium that are of medical and veterinary importance? 

ii - Apart from factor Xa and thrombin inhibitors, does S. I'iffatlllll possess another 

inhibitorls that may impair coagulation? If so, which enzyme/s or cofactorls in the 

vertebrate blood coagulation cascade does it act upon? 

iii - What is the molecular weight, amino acid composition and sequence of the 

anti-thrombin and what other serine proteinase might it inhibit? 

This study was undertaken to further the understanding of the blood feeding strategy 
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taken by black flies. Also, revealing the amino acid composition and sequence of the 

anti-thrombin should indicate any similarities with sequences of inhibitors or bioactive 

proteins reported from hematophagous species other than black flies. Finally, 

determination of the amino acid sequence, and activity on other serine proteinases. of the 

anti-thrombin will bring it a step closer to cloning in expression vectors for in-depth 

evaluations of it's biomedical and epidemiological significance. 
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CHAPTER 2. 

LITERA TURE REVIEW. 

1.1 - The vertebrate hemostatic system; a general review. 

Blood coagulation appears to be a product of the evolution of species having a complex 

closed circulatory system. The necessity of the system is speculated. in part. to be due 

to the development of blood pressures in thick-walled vessels (Ogston and Bennett. 1991; 

Feldman et aI., 1986). Also, increasing anatomical complexities required the development 

of safety devices to prevent blood from clotting within the vessels (Feldman et al.. 1986). 

As the complement and kinin system. the vertebrute blood coagulation system has two 

pathways - the intrinsic and extrillsic pathways. It is well known that blood clots when 

removed from normal endothelium-lined blood vessels. Pudlak et al. ( 1961) reported that 

glass vessels enhance blood clotting. indicating that when blood comes in contact with 

glass, the clotting mechanism is activated. This condition is known as COIl tact activation 

and indicates that all components necessary for clotting are present in normal blood 

(Feldman et aI., 1986). This tyrie of clotting is brought about by the so-called illtrinsic 

or endogenous coagulation system. On the other hand, clotting can be acceleruted greatly 

if thromboplastins or phospholipids (factor III), which arise from damaged tissues. are 
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added to the plasma. The clotting system that involves these tissue factors is called the 

extrinsic or exogenous system (Colman et al. 1994; Ogston and Bennett, 1991; Feldman 

et al., 1986). Under natural situations both systems are necessary to maintain hemostasis, 

i.e., prevention of blood loss from damaged vessels. 

A complex series of physiologic and biochemical events involving both promoters and 

inhibitors of blood coagulation brings about normal hemostasis so that blood is 

maintained within the confines of blood vessels. Primary hemostasis is brought about 

when vascular injury disrupts endothelium exposing subendothelial tissues to tlowing 

blood. Three functional components of hemostasis (blood vessels, platelets ami the 

plasmatic coagulation proteins or factors) act in concert to stop bleeding (Colman et al. 

1994; Ogston and Bennett, 1991; Feldman et aI., 1986; and Mann unci Downing, 1977). 

According to Thompson and Harker, (1983), the mechanism of arrest of bleeding differs 

somewhat, depending on the size of the vessels involved. During the first few minutes 

after a small cut is made in the skin, the axon retlex leads to transient vasoconstriction. 

Under such conditions the interaction of platelets may be sufficient to stop bleeding 

(Thompson and Harker, 1983). On the other hand, severing of a larger vessel involves 

a more complex mechanism of platelet plug formation and activation of the blood 

coagulation system. Although the basic hemostatic process is known to be rapid and 
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localized, the system is not without risk; too much hemostasis at the site of injury can 

result in thrombosis with resultant vascular obstruction and ischemia, whereas too little 

hemostasis leads to persistent bleeding (Thompson and Harker, 1983). 

Since platelets don't adhere to normal intact endothelium, the latter does not activate 

hemostasis under normal conditions. According to several investigators, this property of 

the endothelium which limits activation of hemostasis under normal conditions is due to 

both active and passive processes. Active mechanisms are associated with direct or 

indirect participation of intact endothelia!" cells and include synthesis of prostacyclin 

(PGI2), plasminogen activators, and thrombomodulin; uptake and degradation of 

adenosine diphosphate (ADP) and proaggregating vasoactive amines; and inactivation of 

thrombin and the production and release of nitric oxide. On the other hand, passive 

mechanisms involve endothelial proteoglycans, primarily heparin sulfate with 

anticoagulant properties, and negative surface charge repelling similarly charged blood 

cells. PGI2 stimulates membrane adenylcyclase and increases the concentration of platelet 

cyclic adenosine monophosphate (cAMP) (Ogston and Bennett, 1991; and Feldman et aI., 

1986). Increased cAMP concentration impairs platelet to platelet cohesion (aggregation) 

and inhibits release of ADP and other platelet contents (Ogston and Bennett, 1991; and 

Feldman et aI., 1986). Nitric oxide inhibits platelet aggregation and also acts as a 

vasodilator. 
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Injury to endothelial cells results in loss of resistance to platelet adherence as wdl (IS 

collagen promoting coagulation (Colman et al. 1994; Ogston and Bennett. 1991; Feldman 

et al., 1986 and Mann and Downing, 1977). As blood escapes from the vessels and 

passes through the damaged vessel walls. platelets adhere to the subendothelial collagen 

through interaction of their receptors with endothelial or subendothelial factor VIII-related 

von Willenbrand's factor (factor VIII:vWF)(Feldman et al., 1986). a process referred to 

as platelet adhesion. Collagen must be present in appropriate fibrillar configuration to 

promote binding of platelets and to activate coagulation (Ruggeri et al..1982. and Gentry 

et al. 1975). Feldman et al. (1986) suggest that fibronectin and thrombospondin. released 

from platelet alpha granules, may be involved in the process of platelet adhesion. The 

adherent platelets change their shape from discs to irregular spheres and start to release 

their internal contents (Feldman et aI., 1986 and Man.n and Downing, 1977). These 

molecules attract other platelets, inducing platelet aggregation, which forms a large mass 

over the injured area thereby filling the opening and stopping the escape of blood 

(Feldman et al., 1986). White and Gerrard (1982) and White (1994) reported that platelet 

aggregation, up to a certain point, is a reversible process. However, the stage at which 

platelet aggregation becomes irreversible is called viscolls metalllO'1J/IOSi.\· (Zucker. 1980). 

The interaction of platelets with collagen fibers that promotes the release of the granular 

contents results in the release of various factors such as adenosine diphosphate (ADP), 
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adenosine triphosphate (ATP), serotonin, platelet factors 3 and 4, platelet fibrinogen, 

thromboxane (Tx) Alo platelet-derived growth factor, beta-thromboglobulin, and acid 

hydrolases, into the microenvironment, (Ogston and Bennett, 1991; and Feldman et aI., 

1986). More platelets are attracted by the release of ADP and the generation of TxA2 to 

the area to enlarge the hemostatic plug. The interaction of ADP with platelet membrane 

exposes a specific fibrinogen binding receptor site associated with the glycoprotein IIb

IlIa complex on the platelet membrane (Feldman et al. 1986). 

Bound fibrinogen serves as a recognition site for platelet-to-platelet interaction during 

aggregation. The conversion of prothrombin to thrombin in plasma is the most important 

factor in the induction of viscous metamorphosis. Favorable conditions for the localized 

activation of the clotting system are created by platelet adherence and aggregation 

(Feldman et el., 1986). Activation of the clotting system can be brought about by 

platelets through interactions with a factor XII receptor and high molecular weight 

kininogen release of platelet factor 3(PF-3) and through trapping of coagulation factors 

on their surfaces (Ogston and Bennett 1991; and Feldman et aI., 1986). 

The step that involves formation of fibrin to enmesh platelets and the production of a 

compact mass is not well understood. However, Feldman et aI., (1986) speculate that an 

actomycin-like contractile protein, thrombostenin, brings about contraction of platelets that 
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tends to tense the fibrin strands, thus reinforcing and sealing the hemostatic plug. The 

activity of thrombin to the area of hemostasis is limited by the action of plasma protease 

inhibitors, thrombin-antithrombin III complex formation, and endothelial activation of 

protein "C" which destroys coagulation factors V and VII (Thompson and Harker, 1983). 

The process of blood coagulation call be described as a reaction cascade in which the 

product of reaction I is an enzyme that catalyses the reaction of 2, and the product of 

reaction 2 catalyses reaction 3 and so on, where I, 2, and 3 are present initially as 

precursor proenzyme forms and, at most steps, activation occurs by limited proteolytic 

cleavage and protein-to-protein complexing reactions. This type of reaction is seen in the 

complement cascade of the immune system and kinin formation. The series of step-like 

reactions dubbed a "cascade" are known to provide a high net energy gain that allows for 

the explosive suddenness of the conversion of fibrinogen soluble in plasma into an 

insoluble fibrin. 

Various diagrammatic representations have been put forward to aid in understanding the 

clotting sequence; and the one presented in figure I is an adaptation from Fenton (1986). 

Most workers agree that clotting probably is not as orderly a step-by-step process as 

commonly presented graphically. There is also reason to believe that all the reactions are 

not truly proenzyme-enzyme transformations, and despite the fact that the process is 
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divided into steps or phases, there is agreement that parallel reactions in another "phase" 

are also occurring simultaneously. In support of this, Davie et aI., (1979), and Thompson 

and Harker, (1983) have shown that factors VIII:vWF, V, and III, and high molecular 

weight (HMW) kininogen act as cofactors rather than proteases. Also, it is believed that 

two phases can interact due to the fact that thrombin produced in later stages of clotting 

also is involved in the activation of factor VIII which is an earlier event (Feldman et aL, 

1986). It has been suggested that the coagulation process is one of folll' steps, namely, 

the contact reaction, thromboplnstogenesis, thrombin formntion, and fibrin formation. 

From figure I it cnn be seen that the first step in the intrinsic pathway of the clotting 

sequence is the conversion of factor XII to factor XIIa, an esterolytic enzyme (Feldman 

et at. 1986). According to Cochrane nnd Griffith, (1979) this step is known as the CO/ltact 

reaction nnd it occurs when blood comes in contnct with glnss or other agents which have 

a highly negntive surface chnrge such as asbestos, kaolin, or diatomaceous earth. The 

activation of factor XII to XIIn results in the successive conversion of factors XI and IX 

to their nctivated forms XIa and IXa, respectively, (Colman et al. 1994; Ogston and 

Bennett, 1991; Feldmnn et aI., 1986; nnd Mann nnd Downing, 1977). Calcium (factor IV) 

is not necessnry in the nctivation of fnctors XII and Xl. However, Cn++ is essential for 

the conversion of factor IX to IXa (Colemnn et nl. 1994; Ogston nnd Bennett, 1991; 

Feldmnn et aI., 1986; and Mnnn nnd Downing, 1977). 
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The activation of factor XII ill vivo takes place when collagen is exposed after tissue 

injury. Prekallikrein and HMW kininogen also participate in contact activation of factor 

XII (Coleman, et al. 1994; Ogston and Bennett, 1991; Feldman at aI., 1986; and Mann 

and Downing, 1977). For the optimal activation of the intrinsic pathway the presence of 

kinin is important (Feldman et aI., 1986). Enhancement of the action of factor XIIa 

during the activation of factor XI is brought about by HMW kininogen (Coleman et 

a1.1994; Ogston and Bennett, 1991; and Feldman et al. 1986). According to Ogston and 

Bennett, (1991) and Feldman et aI., (1986) except for factor XI. the activities of each of 

the contact factors that may be reduced by acquired or hereditary disorders does not result 

in abnormal bleeding. 

The activation of factor XII to XIIa does not result only in the initiation of the 

coagulation cascade. Feldman et al. (1986), Rudy et aI., (1972), and Zimmermann et al. 

(1977) have reported that the kinin, complement, and plasminogen systems merge at this 

initial step of the coagulation cascade. Factor XIIa is also important in inflammation and 

disseminated intravascular coagulation (DIC)(Feldman et ai., 1986). Zimmermann et ai. 

(1977) reported that the plasma kinin system is activated by factor XIIa which converts 

inactive prekallikrein to active kallikrein which, in turn, converts kininogen to active 

kinin. Kinins are an important factor in inflammation due to the fact that they calise 

edema, vasodilation, and increased capillary permeability and induce chemotaxis of 
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leukocytes (Feldman et al., 1986). 

In the next sequence of events of the coagulation cascade, factor XIa forms a complex 

with factor VIII and PF-3 in association with Ca++ to activate factor X to Xa (Feldman 

et al. 1986, Mann and Downing, 1976). To exert its reactivity independently, factor VIII 

requires modification by a serine protl!ase, such as thrombin, and the action of thrombin 

on factor VIII accelerates the generation of factor Xa (Coleman ct al. 1994: Ogston and 

Bennett, 1991; Feldman et al. 1986; and Mann and Downing, 1977). 

Bloom (1980) and Hoyer (1981) have shown that factor VIII is heterogeneous. Both 

workers have demonstrated that factor VIII is comprised of a major and a minor 

component, each having different biochemical and functional properties. The major 

component, called factor VI/I related antigen (FVIII:RAg), participates in the formation 

of the hemostatic plug and not in the intrinsic pathway. Factor VIII:vWF activity is 

associated with this FVIII:RAg (Feldman et al. 1986). It is the smaller moiety that 

constitutes the factor VIII- coagulant (FVIII-C) activity and participates in coagulation 

(Feldman et al. 1986). 

Factor X is at the junction where the intrinsic and extrinsic pathways meet. Both 

pathways share a common avenue once factor X is activated. As mentioned above, while 
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contact activation initiates the intrinsic pathway, the activation of the extrinsic pathway 

is initiated by thromboplastin of tissue origin. Thromboplastin which is released by tissue 

damage reacts with factor VII in the presence of Ca++ to form a complex for activation 

of factor X. Tissue thromboplastin provides a suitably charged surface to bind both Ca++ 

and factor VII to form an enzymatic complex (Coleman et al. 1994: Ogston and Bennett, 

1991; and Feldman et aI., 1986). Factor VII activity can be enhanced by the action of 

kallikrein, plasmin, factor XIIa, factor lXa and also by factor Xa (Feldman et al.. 1986). 

Once factor Xa is formed, it converts prothrombin to thrombin in the presence of 

phospholipid (PF-3), Ca++, and factor V (proaccelerin) (Ogston and Bennett, 1991: 

Feldman et al. 1986; and Mann and Downing, 1976). Factors Xa and V react \\lith 

platelet phospholipids in the presence of Ca++ to form a complex with enzyme activity 

known as "prothrombinase" which has the property of converting prothrombin to 

thrombin (Coleman et aI., 1994; Ogston and Bennett, 1991: Feldman et al.. 1986: Mann 

and Downing, 1977). 

According to Coleman et al. (1994), Feldman et al. (1986) and Fenton (1986), thrombin 

has both esterase and peptidase activity and also modifies or activates several reactions. 

In the coagulation cascade thrombin functions at several stages, namely, conversion of 

fibrinogen to fibrin, promotion of platelet aggregation and release reaction, and activation 
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of factors V, VII, XII, and XIII (Ogston and Bennett, 1991; and Feldman et al .. 1986). 

Other functions of thrombin is promotion of the conversion of plasminogen to plasmin 

and activation of the complement system (Feldman et al. 1986). Under normal conditions 

the activity of thrombin is checked or inhibited by heparin and molecules with 

antithrombin activity in plasma (Heimark, (980). 

The conversion of fibrinogen to fibrin monomers and four fibrinopeptides in the absence 

of Ca++ has been shown by Lane (1981). The rapid and spontaneous polymerization of 

the fibrin monomers results in the formation of the clot which is a gelatinous mass of 

fibrin strands. The clot is initially held together by weak noncovalent forces between the 

fibrin monomers which make it soluble in urea (Feldman et al. 1986). However. a stable 

clot is produced when the strands are joined covalently through the cross linking action 

of factor XIIIa in the presence of Ca++ (Coleman et ai., 1994 ; Feldman et al.. 1986). 

1.2 - Molecules with activities in the hemostatic system. 

A better understanding of the coagulation cascade and its pathophysiology has led 

investigators to search for anticoagulants that may be useful in the prevention of 

thromboembolic episodes of persons prone to intravasculur coagulation. Arterial 

thrombosis plays a role in the initiation, growth, and terminal occlusion of the 
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atherosclerotic lesion and is a major contributor to mortality in acute myocardial 

infarction and stroke (Collen and Gold, 1989). 

Also thromboembolism induced by contact of blood with foreign sll1'faces is a major 

unresolved problem in the development of artificial organs either for extrucorporeal 

circulation or for implantation within the heart and blood vessels. This phenomcnon is 

a significant obstacle in the advancement of clinical care associated with conditions such 

as prosthetic heart valves, extrucorporeal cardiopulmonary bypass, cardiac assistance, 

artificial hearts, artificial blood vessels, arteriovenous shunts, vascular sutures. and all 

other applications in which the blood comes into contact with a non-biological sll1'face 

(Collen and Gold, 1989). Since the search for better anticoagulants that can bc used for 

prophylaxis or for treatment is an ongoing process, various candidate molecules that have 

anticoagulant properties, anti-platelet activities or are fibrinolytic are either in use or 

under investigation. A relatively large variety of molecules with activities on the blood 

clotting mechanisms have been identified. These molecules are grouped into three major 

classes, (anticoagulants, anti-platelets, and fibrinolytic) according to their activities. Some 

are in clinical use while others are under study. 

Heparin (heparan sulfate proteoglycan), whose anticoagulant properties was recognized 

seventy five years ago, is in clinical use for the prevention of post-operative thrombosis. 
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Low molecular weight heparins have been tested in the prophylaxis and treatment of 

thromboembolism (Salzman et al. 1994; Samama and Desnoyers, 1991). 

Another anticoagulant that is in clinical use is Warfarin. This compound is a coumarin 

whose anticoagulant properties were first demonstrated in the 1970s. It is a vitamin K 

antagonist (Sadowski et aI., 1991) with properties that reduce the blood concentration of 

functional (gammacarboxylated) forms of vitamin K-dependent coagulation factors II, VII, 

IX, and X by impairing their synthesis in the liver (Feldman et aI., 1986). 

Hirudin, a 7 kD peptide, is isolated from the European leech - Hirlldo lIIl!dicilla/i.l' 

(Markwardt, 1955). The usefulness of fragments or whole molecules of this unti-thrombin 

have been investigated in clinical trials (Markwardt et aI., 1984; Knapp et al. 1992). 

Antistasin and tick anticoagulant peptide are polypeptides with anti-Factor Xa properties. 

The former was isolated from the mexican leech, Hal!lIlentria (~lficillali.l' (Tuszynski et al. 

1987) while the latter was isolated from the tick Ornithodoros II/ollhaw (Waxman ct al. 

1990). These anticoagulants have been tested on animals (Vlasuk et ul. 1991). 

Molecules with antiplatelet activities include aspirin, sulfinpyrazone, und Dipyridamole. 

Aspirin blocks production of thromboxane and stable prostaglandins by irreversibly 
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inactivating platelet cyclo-oxygenase (Feldman et al. 1986). The effect of aspirin on 

thromboxane results in the prevention of the secondary wave of aggregation and release 

reaction undergone by platelets responding to weak stimuli (Feldman et aI., 1986). Its use 

as an anti platelet agent is based on this effect. 

Sulfinpyrazone inhibits platelet adhesion to collagen by blocking thromboxane production 

through inhibition of platelet cyclo-oxygenase. Conversely, dipyridamole inhibits platelet 

adhesion and ADP-induced platelet aggregation as a result of increased production of 

cAMP within the platelets by impairing platelet phosphodiesterase activity (Feldman et 

al. 1986). 

Examples of fibrinolytic agents or the "clot busters" include urokinase, streptokinase and 

some biotechnologically engineered molecules. All have plasminogen activating 

properties (Lowe, 1991). Urokinase is a serine proteinase that can be isolated from urine 

or from the culture medium of fetal kidney cells or certain tumor cells (Lowe, 1991). 

Urokinase has been used for over twenty years in the management of thromboembolic 

diseases. 

Streptokinase is isolated from various strains of hemolytic streptococci. In a study 

comprised of about eleven thousand people, streptokinase has been shown to be effective 
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against early myocardial infarction (Rovelli et a1.1987). 

Anistreplase (anisoylated streptokinase-plasminogen activator complex. APSAC) is a 

proenzyme. Its catalytic serine active site is temporarily masked by an anisoyl group. 

APSAC is reported to significantly reduce mortality in acute myocardial infarction (Lowe. 

1991). 

Altiplase and Saruplase are genetically engineered plasminogen activators. The former 

is a tissue-type while the latter is a urinary-type plasminogen activator. Both are fibrin 

specific and nonantigenic. However, the mechanism of plasminogen activation by both 

molecules is different. Altiplase first became available for clinical trials in acute 

myocardial infarction in the mid 1980s while the evaluation of Saruplase begun in the late 

1980s (Lowe, 1991). 

Recently, Horne et a1. (1992) reported that Suramin, an anti-trypanosomal drug. inhibits 

coagulation factors V, VIII. IX, X, XI, and XII ill vitro an in vivo. While the inhibition 

of factor V was found to be irreversible, that on the other factors was readily reversible 

by dilution (Horne et a1. 1992). 



36 

1.3 - Blood feeding strategies of hematophagous insects and acarids. 

The fact that hematophagous insects and arachnids have developed strategies to 

circumvent the blood coagulation cascade of their hosts has been recognized for a long 

time. Regardless, it is only very recently that the particular anti-hemostatic mechanisms 

employed by hematophagous arthropods has been elucidated. Ribeiro (1987) reviewed 

the importance of saliva in blood feeding. However, since this field is dynamic and 

expanding, a considerable number of reports appear each year. Although this section is 

an update of the findings in the field, it nevertheless includes some earlier \\lorks as well. 

Although Nuttall and Shipley (1903), using ClIlex pipiens, made the first attempt to link 

anticoagulant activity with the saliva of blood feeding insects, it was Cornwall and Patton 

(1914) who successfully demonstrated anticoagulant activity in the saliva of two species 

of Allopheles, All. rossi and All. jamesi. Subsequently, Yorke and Macfie (1924) were 

able to show that of a number of different mosquito species examined (All. /l/aclIlipellis. 

Cx. pipiells, Theobaldia (= ClIliseta) all1llllata, and Aedes aegypti ), only the saliva of All. 

maculipellnis possessed anticoagulant activity. Anticoagulant activity in the saliva of All. 

quadrimaculatus, An. pllllctipellllis, and All. t.:rllciwIS was later demonstrated by Metcalf 

(1949). Contrary to the findings of York and Macfie (1924), Hudson (1964) demonstrated 

anticoagulant properties in the saliva of Ae. aegypti, All. quadrimaclllatlls, Cx. pipiells. 
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Cx. ta rsa lis, Culicoides IlUbecll/osllS, and Stomoxys ca/citral/s. Although tests for the 

inhibition of thrombin by the saliva of the test insects were conducted. she was unable 

to reach a definite conclusion regarding the presence of such inhibitors. Based on a 

general test for coagulation, Tatchell (1958) demonstrated anticoagulant activities in the 

salivary glands of larval Gastrophilw. illte.l'tinalis , the horse bot fly. 

Although the trend of characterizing the properties of the saliva of hematophagous insects 

and arachnids based on a general test of coagulation continues, attempts to discern the 

identity of these salivary components at the molecular level were begun when Lester and 

Lloyd (1928) described the anticoagulant from the saliva of Glossil/a lIIo/'sitall.l· to be an 

antikinase. However, Parker and Mant (1979) refuted these findings by reporting that the 

saliva of G. morsitans contains an anti-thrombin and not an antikinase. Later Parker and 

Mant (1981) showed that the saliva of G. lIIorsitans also possesses platelet anti

aggregators. 

Fairburn and Williamson (1956) demonstrated that the anticoagulant factor in tsetse stili va 

is a low molecular weight substance and suggested that it is probably adsorbed on a 

protein. Conversely, Hawkins (1966) was able to show that the saliva of G. aI/steil; 

possesses fibrinolytic activity. In spite of the fact that tsetse fly saliva has been 

investigated for some time, there are no satisfactory reports on the molecular constitution 
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of the saliva. 

The reports of Markwardt and colleagues (1959, 1960) indicated that a heparin-like 

substance is present in the salivary glands of Tabanidae and Reduviidae. These 

investigators described the factor as heing similar to hirudin, a salivary molecule found 

in leeches. No further investigations have been conducted to confirm this analogy or the 

fact that the anticoagulant from these two insect families have a proteoglycan molecular 

constitution such as heparin. However, Grevelink et al. (1993) showed that the sali va of 

the deer fly (genus Chrysops), contains a potent protein that inhibits platelet aggregation 

induced by ADP, thrombin, and collagen. Also, the molecule is reported to posses the 

ability to inhibit fibrinogen binding to the glycogen lIb/IlIa receptor on platelets. 

In their examinations of the soft tick Ornithodoros mOl/bata and Rot!nill.\· prolixlIs. a 

blood sucking bug, Hellman and Hawkins (1965, 1967) were able to show the presence 

of anti-factor IX and anti-factor VIII activity in the saliva of the two species respectively. 

Investigations so far conducted on triatomine bugs have revealed that adult R. pro/iXIIS 

possess a host of molecules that act on the vertebrate hemostatic system. Ribeiro and 

Garcia (1980, 1981a,b) were able to show that apyrase, which inhibits platelet 

aggregation, is present in sufficient quantities in R. prolixlis to be employed as an anti

hemostatic molecule. Apyrase cleaves ATP and ADP to AMP, preventing the effect of 
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ADP on hemostasis. Also, antithromboxane, antiserotonin, and antihistamine activities 

are reported from R. prolixlIs (Ribeiro, 1980; Ribeiro and Sarkis, 1982). Yet another 

molecule with vasodilatory and antiplatelet activity and having the general properties of 

nitric oxide (NO) was described from R. prolixils (Ribeiro ct al. 1990; Ribeiro and 

Nussenzveig, 1993). Ribeiro et aI. (1993) have fully described the mechanism by which 

NO affects hemostasis and how it reversibly binds with the heme protein in the glands. 

As pointed out above earlier works on mosquitoes only demonstrated the presence of 

anticoagulants. However, it has been shown that apyrase plays a major role in the 

feeding strategies of Ae. aegypti, All. Ji'eebomi, All. stephensi, Anopheles sp. nr. .I'albaii 

(Ribeiro et al. 1984, Ribeiro and Sarkis, 1984). The presence of a vasodilator postulated 

by Pappas et al. (1986) which was later confirmed by Ribeiro (1992), in Ae. aegypti. to 

belong to a tachykinin family of peptides was further purified and described as sialokinin 

I and II (Champagne and Ribeiro, 1994). Recently Cupp et al. ( 1994) have demonstrated 

apyrase in the saliva of members of the All, g(/I///Jiae complex and All, albill/allll,\', In 

addition to the presence of apyrase in its saliva, All, albil//(/Illl.\' is also reported to possess 

heme peroxidase that functions during blood finding and feeding by destroying 

hemostatically active amines released by the host during tissue destruction (Ribeiro and 

Nussenzveig, 1993). Inspite of the fact that anticoagulants are reported in the saliva of 

mosquitoes, neither the components of the coagulation cascade that are compromised by 
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the anticoagulantis nor the nature of the anticoagulants themselves have been fully 

described. 

The existence of salivary anticoagulants in sand flies was first confirmed in Phleboto/llus 

papatasi (Adler and Theodor, 1926). It was only very recently that other components of 

the saliva with activities against the hemostatic system were described. Ribeiro et al. 

(1986) demonstrated the existence of apyrase and an erythema inducing substance (EIS) 

in the sand fly, Llltzomia iongipaipis. The EIS has been investigated extensively and has 

been reported to have an immunomodulatory effect by compromising the functions of the 

macrophage (Theodos and Titus, 1990). The EIS was later isolated by Lerner et al. 

(1991). This substance is believed to play an important role in the trunsmission of 

leishmaniasis. Titus and Ribeiro (1988) showed the enhancement of trunsmission of 

Leishmania major by the salivary lysate of L. iongipaipis. 

Various salivary components that have activity against the vertebrate hemostatic system 

have been reported from both argasid and ixodid ticks. The em"liest observations on the 

presence of anticoagulants in ticks was made by Nutall and Strickland (1908). These 

investigators showed that a soft tick, Argas persiclls, possesses anticoagulant properties 

in its salivary glands. Anticoagulants were later reported from Ixodes /IO/ocyc/us (Ross, 

1926; Kaire, 1966), Dermacentor siniclls (Hoeppli and Feng, 1931), Omit/lOdoro.l" 
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moubata (Hawkins and Hellman, 1966; Hellman and Hawkins, 1967), und /. ricin liS 

(Pawlowsky and Stein, 1927). 

Contrary to these findings Tatchell (1969a, 1969b) reported that anticoagulants are absent 

in the salivary glands but present ill the gut of Boophillls II/icropills. However. the 

presence of prostaglandins (PGE2) in the saliva of B. microplll.\' wus demonstrated by 

Higgs and Vane (1976) and Dickenson et a1. (1976). Since PGE2 is u vasodilator as well 

as platelet antiaggregator, it is believed that it may promote feeding by incrcasing the 

flow of blood to the tick's mouth parts. In a more recent report, Willudsen and Riding 

(1980) showed that anticoagulants occur in B. micropills. These investigators 

substantiate these findings by demonstrating that the activated partial thromboplastin time 

and the prothrombin time are prolonged. Similarly, Shemesh ct a1. ( 1979) demonstrated 

the presence of PGE2 and prostaglandin F (PGF) in the salivary glands of Hyaloll/II/a 

anafoliclIm excavafum. Ribeiro et a1. (1985), using /. dall/II/ini. were able to show that 

the saliva of this hard tick possesses apyrase, PGE2 ' and an anticoagulant that is reported 

to have inhibitory activity on the intrinsic pathway. Later, Ribeiro et a1. (1988) confirmed 

the presence of salivary prostacyclin in /. dammilli. Ribeiro et a1. (1990) have also shown 

that the saliva of I. dammini inhibits peritoneal-derived rat neutrophil function. In a more 

recent report, Ribeiro et a1. (1992) showed that A III b1yolll a allleric(l11l1l1l possess 

prostaglandin E2 and F2 alpha in its saliva. 
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Probably the most well characterized anticoagulant from ticks is the tick anticoagulant 

peptide (TAP), an anti-factor Xa from O. moubata originally described by Waxman et al. 

(1990). TAP is a lOkD protein whose amino acid composition and sequence have been 

determined and its eDNA cloned. Recombinant TAP is now being produced in 

expression vectors (Neeper et al. 1990), and its pharmacological potential has been 

determined (Vlasuk et al. 1991). Anli-factors V and VII from Dermacentor ander.wJIli 

(Gordon and Allen, 1991), an anti-thromboplastin, (lxodin) from I. ricinus and O. 

moubata whose underlying mechanism or its target are still to be determined (Markwardt 

and Landmann, 1958, 1961) and an anti-thrombin, Ixin, from 1. ricinu.\· (Hoffamn ct al. 

1991) and an anti-factor Xa with a molecular weight of 65 kD from Rhipiceplw/u.\· 

appelldiclIlatlis (Limo et al. 1991) have also been described. Anastopolus et al. (Il)l) I ) 

recently reported that the saliva of the Australian paralysis tick I. IIO/ocyc/us possesses 

anti-thrombin properties. Kaire (1966) has shown that this species of tick possesses 

anticoagulant activities in its saliva. 

1.4 - Blood feeding strategies of black flies. 

The feeding strategies of black flies has been the focus of investigators for a long time. 

Based on the observation that minute hemorrhagic spots form in the host's skin after a 

fly bite, Brues (1946) speculated that simuliid saliva contained proteolytic enzyme. 
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However, none has been demonstrated in simuliid saliva. It is only recently that the 

feeding strategy of simuliids has begun to unravel. 

Although Hutcheon and Chivers-Wilson (1953) first recognized the presence of 

anticoagulant activities (and possibly histamine) in black fly extracts, Yang and Davies 

(1974) associated the anticoagulant properties with the salivary glands. Both group of 

researchers were only able to show the prolongation of the clotting time. However, 

Jacobs et al. (1990) demonstrated that the salivary glands in S. l'itfal/l11/ possess both 

anti-factor Xa and anti-thrombin activity. The anti-Xa has been partially characterized. 

and has been shown to have a molecular weight of about 18kD. In addition to the 

anticoagulants, Cupp et al. (1993) showed that apyrase is also present in the sali va of S. 

vittatum. An EIS has also been demonstrated in the saliva of S. oc/m/celllll and S. 

vittatum (Cupp et al. 1994). The presence of histamine in the saliva of two palearctic 

black fly species, S. erythrocephallls and Wilhelmia Iineala (S. linualulII), has been 

suggested by Wirtz (1988). 

The situation regarding the salivary components of simuliids from the African continent 

is unknown. However, based on research in Ethiopia (Taticheff. 1986) there are some 

indications that S. damnosum s.1. may secrete a salivary vasodilator. [n a cohort of 

human volunteers who were injected with either salivary gland lysate or lysate of the L~ 
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of Onchocerca volvulus, by histological examination, Taticheff (1986) was uble to observe 

vascular dilation in some of the individuals. From these observutions, he suggested that 

histamine released from mast cells could have brought about the change. However, he 

did not consider the possibility of a vasodilatorls that might have been injected along with 

the gland lysate. Since Taticheffs work was conducted in an endemic onchocerciasis 

area, one is led to believe that the veiunteers have been exposed to the tly's bite for a 

considerable period of time and therefore have become desensitized to the l1u~jor salivary 

components. Therefore, based on the fact that salivary components crucial for feeding 

appear to be of low immunogenicity (Cross et al. 1993), the evidence for dilation of blood 

vessels observed in these particular studies suggests the presence of a vasodilator. 
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Fig. 1 The vertebrate hemostatic system (Fenton, 1986). 
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CHAPTER 3. 

ANTICOAGULANT ACTIVITY IN SALIVARY GLAND EXTRACTS OF 

BLACK FLIES (DIPTERA : SIMULIIDAE). 

ABSTRACT. 

55 

Anticoagulant activity was determined in salivary gland extracts (SOE) from four species 

of black flies, i.e. Simulium vittatum Zetterstedt, S. argus Williston. S. lIlefa/licl/Il/ 

Bellardi, and S. ochraceum Walker. Inhibition of factor Xa occurred among all foul' 

species while thrombin inhibition was detected in S. argus and S. vitfafUIIl only. Both 

bovine and human a - thrombins were inhibited with the highest activity occurring with 

S. argus SGE. Factor Xa inhibition was highest in S. ochraceulIl, an anthropophilic 

species and vector of Onchocerca volvulus, and lowest in S. I'iffatulIl, a primiparous 

autogenous species that is also zoophilic. Total soluble SOE protein also varied among 

the four species with the highest concentration measured in S. ochraceum and the lowest 

in S. vittatul1l. A positive correlation (1' = 0.89) was observed between amount of soluble 

protein and percent inhibition of factor Xa for the four species. 
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INTRODUCTION. 

Anticoagulant activity in the saliva of black flies was first demonstrated by Yang and 

Davies (1974). More recently a specific anticoagulant in Simulium vitfafllm Zetterstedt 

was shown to be a protein with a molecular weight of approximately 18 kilodaltons 

(Jacobs et a!., 1990). This molecule which inhibited the action of factor Xa in the 

coagulation cascade, was part of a mixture of salivary anticoagulants which also induced 

anti-thrombin and prothrombinase inhibition activity. Because the majority of black tlies 

rely on vertebrate blood as a food source and for egg development, these findings 

prompted the investigation of the occurrence of salivary anticoagulants that inhibit factor 

Xa and/or thrombin among other representatives of the Sil11uliidae. 

Using chromogenic substrate-based assays, anti-factor Xa and anti-thrombin activities 

were determined in salivary gland extracts of four black fly species. The species were 

chosen on the basis of their host selection and reproductive strategies. Sill/ulium viffafulIl 

is zoophilic and autogenous for the first gonothropic cycle (primiparous) (Crosskey, 

1990). Simulium argus Williston, a closely related member in the same subgenus 

(Psilozia) as S. vittatum, is zoophilic but strictly anautogenous. This species occurs in 

many of the same habitats as S. viUatum in the Western United States. SimuliulIl 

metallicum Bellardi. a neotropical species, is also zoophilic and anautogenous but blood 
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feeds sufficiently often on humans that it is a secondury vector of OllcJlOcerca \·O{I'I//I/.\· 

in Guatemala. Simulium oc//rac:eum Walker is the primary vector of O. vo!l'I//II.\· in 

Mexico and Guatemala and is highly anthropophilic (Collins et al.. 1981), 

MATERIALS AND METHODS. 

Black flies. 

Females of S. Oc/lrac:eUIII and S. metallic:ul1I were collected in an endemic onchocerciasis 

focus in Guatemala and transported to the Medical Entomology Laboratory at the 

University of Arizonu. Simulillm viua(ulll females were taken from a laboratory colony 

(Bernardo et al.. 1986) maintained ut the University of Arizona. Sill/I/lil/III arglls larvae 

were collected from the San Pedro river (near St. David. Arizona) and rem'cd to thc adult 

stage under laboratory conditions using the same techniques for rearing S. I'itta(lIf1l. 

Before dissection. the flies were maintained on water for 48 hrs. to promote accumulation 

of salivary secretory products associated with blood feeding (Cupp et ul.. 1993). Salivary 

glands were removed by surgical dissection in chilled 0.15 M NaCI and placed in 

Eppendorf tubes that contained either 50 or 100 (.II of 0.15 M NaCI until 20 -25 glands 

of each species were accumulated. 
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Salivary gland extracts (SGE) were prepared by four cycles of rapid ti'ceze-thuwing 

(between liquid N2 and 37°C). The volume of saline (50 fJl) in the tubes containing the 

glands of S. argus, S. metallicum, and S. oclmu:eul1l was increased to 80 fJl. to give one 

gland equivalent per 4 fJl prior to the preparation of the extracts. The extracts were 

centrifuged at 10,000 x g at 4°C for 10 min. and the supernatant fluid from each tube was 

transferred to an appropriately labelled clean Eppendorf tube. Total soluble protein 

content of supernatant fluids from the four black fly species was determined using a 

bicinchoninic (BCA) protein assay kit (Pierce, Rockford, IL). 

Anticoagulant assay. 

Chromogenic substrates S-222 and S-238 (American Diagnostica) specific for factor Xa 

and thrombin, respectively, were used for the enzyme inhibition assays. The enzymes 

used were bovine factor Xa and bovine and human ex. - thrombins (Enzyme Research 

Laboratories, South Bend, IN). Enzyme inhibition assays were conducted as follows: 

to 436 fJl of 50 mM Tris-HCl , 0.15 M NaCI and 0.1 % BSA (pH 8.4 at 37"C) was added 

10 fJl (7.5 ng protein) of either factor Xa or thrombin and one gland equivalent, 4 f.l1 SGE. 

Control tubes each received 4 fJl of 0.15 M saline. The mixture was then incubated for 

80 min. at 37(1C. After this time 10 f.ll of either S-222 (for factor Xa) or S-238 (for 

thrombin) were added. This was followed by a second incubation of 40 min. The 
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reaction was then stopped with the addition of 25 ml of 50% acetic acid allli the 

absorbance was determined at 405 nm using a Beckman DU-64 spectrophotometer. Tests 

were conducted in triplicate for each enzyme and each species. Each tube contained 

either 20 (S. argus, S. ochraceum, and S. metallicum) or 25 (S. vittatum) glands. 

Statistical Analysis. 

Total protein per gland-equivalent and factor Xa and thrombin inhibition among the four 

simuliids were compared by analysis of variance. A relationship between total protein 

and percent inhibition of factor Xa was determined using simple correlation. Statistical 

analysis of the inhibition of bovine and human a - thrombins by S. arglls and S. vittatlllll 

was performed by the t - test. 

RESULTS. 

In addition to S. vittatum, which had previously been reported to possess a salivary anti

Xa, the other three species examined were also found to possess this important 

anticoagulant. Only S. vittatum and S. argus, however, possessed anti-thrombin activity 

in their salivary glands. Factor Xa inhibition was highest in S. ochracelll/l (p < 0.00 I) 

and lowest in S. vittatum. Percent inhibition values were 98.8, 93.8, 89.9 and 82.9% for 
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S. oc!zraceum, S. meta/liclllll, S. argus and S. vittatufll respectively (Fig. I). 

Inhibitions of bovine and human thrombins by SGE of S. argus were greater than that of 

S. vittatum ( p < 0.005). The activity of bovine ex - thrombin was inhibited 60.6% by S. 

argus SGE and 54.9% by S. vittatllfll, while 59.8% of human ex - thrombin was inhibited 

by S. argus and 53.8% by S. vittatlllll, respectively (Figs. 2). Inhibition (0.22%) of human 

thrombin by the S. oclzraceum SGE was negligible. No significant difference was 

observed in the inhibition of factor Xa and bovine ex - thrombin between nulliparous and 

parous flies. 

Total soluble protein was 1.08 ± 0.03,0.85 ± 0.03, 0.80 ± 0.02, and 0.74 ± 0.029 pg per 

gland equivalent for S. oclzraceul1l, S. lIleta!liclIlIl, S. argus, and S. l'it/alulII respectively. 

A positive correlation (r = 0.89) was observed between total protein and percent inhibition 

of factor Xa. 

DISCUSSION. 

Hematophagous arthropods (and other blood-feeding invertebrates as well) may use a 

variety of anti-hemostatic molecules to promote blood-feeding during probing and 

subsequent ingestion of a blood meal. In black flies, these may include platelet anti-
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aggregation factors (Cupp et aI., 1993), vasodilators (Cupp at aI., 1994a), and, as 

demonstrated here, anticoagulants. One of the advantages of the latter is to keep the food 

channel in the mouth parts relatively free of blood clots, thereby inslII'ing feeding fitness 

(Lehane, 1991). Also, anticoagulants keep the blood meal in a fluid state as it passes into 

the midgut for digestion (Yang and Davies, 1974). 

As for other telmophagus invertebrates, black nies are faced with the problem of clotting 

of the hematoma that is formed in the host's tissues during attempts at acquiring a blood 

meal. Thus the general approaches to inhibit clot formation taken by this group of mes, 

although not identical in all the members of the genus, are similar to those of other pool 

feeding organisms. Omit/zodol'lls mOl/bata (MlII'ray), an argasid tick, inhibits thrombin 

(Hellman and Hawkins, 1967) and factor Xu (Wasxman et tiL, 1990) while the three-host 

ixodid tick, Rlzipicep/UlIl/s appendicu/atus (Neumann), inhibits factor Xa (Limo et aL, 

1991). Among the Hirudinea, the European leech, Himc/o medicilla/i.l', is known to 

possess anti-thrombin (hirudin) activity (Markwardt, 1970) while antistasin from the 

mexican leech, Hementria ojficina lis , inhibits factor Xa (Tuszynski et aL, 1987). The 

Indian leech, Hemadipsa sylve.l'tris, possesses haemadin, a 5 kilodalton protein with anti

thrombin activity (Strube et aI., 1993). 

Within the four species of Simulium examined here (representing three subgenera), there 
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are clearly several different strategies being employed ill combating host hemostasis. 

While all four species have an anti-Xa factor, the highly anthrophilic species, S. 

oc/zraceum, produces greater quantities on a per gland basis than the three zoophilic taxa. 

This trend has also been noted for a potent vasodilator that induces a persistent erythema 

(Cupp et aI., 1994a) as well as increases in the salivary concentration of apyrase (data not 

shown) an enzyme that prevents platelet aggregation by breaking down A TP und ADP to 

AMP (Cupp et aI., 1994b). Thus when appraising the relative amount of soluble protein 

available from the salivary glands, particularly in the case of S. oc//I'(/(:el/Ill. and its 

relationship to the Xa inhibitor, it is necessary to consider that a wide variety of anti

hemostatic secretions are being processed and delivered during feeding. In addition. it 

is also of interest in this regard that there is a significant size difference between the 

salivary glands of S. oc/lraCel/m, a highly anthropophilic species, and those of the other 

three zoophilic taxa that were examined. 

The striking difference in the total amounts of anti-thrombin factor between S. I'itfatl/m 

IS. argus and S. meta/licum I S. oclzraceum is quite interesting and reflects the varied 

picture of biochemical approaches that members of the genus SimI/IiI/ill may tuke in 

overcoming host hemostasis. The former two taxa feed primarily on cattle and exhibit 

relatively low levels of apyrase (Cupp et aI., 1993; 1994a), an enzyme that, in mosquitoes 

is believed to be important in promoting speed of feeding (Ribeiro. 1985). However, 
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because thrombin can also be crucial in promoting platelet aggregation. it appears that 

these two closely related species have emphasised the production of an anti-thrombin 

factor instead of relatively large quantities of apyrase. This may also be due to the fact 

that cattle have less defensive behavior and therefore speed of feeding may be less 

significant. Conversely, S. metallicul1l and S. ocIzraceulIl, which are much more 

anthropophilic (particularly the latter species), secrete higher quantities of apyrase in their 

saliva and almost completely lack an anti-thrombin factor. 

The relative levels of anti-thrombin factor also differ between S. vittatlllll and S. argus. 

with salivary glands of the latter possessing significantly more activity per gland 

equivalent. This difference in concentration may renect the fact that S. arglls is 

completely anautogenous and therefore totally dependent on blood feeding for obtaining 

proteins for yolk production, hence reproduction. Conversely. S. l'ittaflllll exhibits 

primiparous autogeny and blood feeds after completion of the first gonotrophic cycle. 

However, glands tested from this species following oviposition were found not to differ 

in the levels of anti-coagulant activity from those in the early first gonotrophic cycle. 

This lack of difference in activity between gonotrophic cycles is also true for apyrase 

(Cupp et al. , 1993). 

The elucidation of these particular anticoagulants and their relative concentrations also 
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contribute to a better understanding of the role black fly saliva may play in inducing 

pathologic changes. For example, populations of some New World SillluliulIl species may 

reach extraordinary numbers and attack humans and livestock at extremely high biting 

rates (Crosskey, 1990). A clinical syndrome characterized by localized and disseminated 

cutaneous hemorrhaging as well as occasional mucosal bleeding was reported in 

immigrants and settlers in the Altamira region of Brazil (Pinhero et aI., 1974). Several 

death resulted, presumably from the bites of black flies. Hemorrhages into the skin from 

the putative bite sites took the form of multiple petechiae and ecchymoses. These lesions 

sometimes covered the whole surface of the body or were restricted to the face and 

extremities. A similar syndrome (hemorrhagic exanthema) was reported in Bolivia when 

military recruits were transported into an environment which contained large numbers of 

anthrophilic black flies (Nobel et aI., 1974). 
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Fig. 1 Percent inhibition of factor Xa by the saliva of the foul' simuliid species. 
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Fig. 2 Percent inhibition of bovine and human ex - thrombins by the saliva of the fOLir 
simuliid species. 
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CHAPTER 4. 

SOME MOLECULAR AND BIOCHEMICAL CHARACTERIZATIONS OF THE 

ANTI·THROMBIN COMPONENT OF THE SALIVA OF Simulium vitlatum. 

ABSTRACT. 

A molecule with anti-thrombin activity was isolated from the salivary gland lysate of 

female SimuliulIl vittatum using reverse phase high performance liquid chromatography 

(HPLC). The molecule was found to inhibit bovine a - thrombin in an ill I'ifro 

chromogenic substrate based enzyme inhibition assay, The molecular weight was II. 333 

daltons as determined by laser desorption ionization mass spectrometry (LDI-MS), From 

physical tests, it was observed that the molecule is proteinaceous ami stable to heat. It 

prolongs coagulation time of plasma as determined by the recalcification time test. From 

its amino acid composition the molecule was found to be rich in threonine, It was found 

to possess inhibitory activities against three other serine proteinases namely: a -

chymotrypsin, human neutrophil elastase, and human neutrophil cathepsin-G. The N

terminal sequence was determined for the first 35 amino acids, with one undetermined 

amino acid at position 15. The molecule was found to be unique due to fact that no 

homology of the N-terminal sequence was detected with other molecules. The molecule 

has been named Simulidin. 
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INTRODUCTION. 

Hematophagous arthropods have been shown to possess various salivary components that 

have the capacity to inhibit blood coagulation (Ribeiro, 1987). Anticoagulants that have 

activities against factor IIa (thrombin) are reported from various species of insects and 

ticks. Hellman and Hawkins (1967) reported the existence of an anti-thrombin from the 

soft tick, Ol'llitllOdorus lIloubata, but did not report on the molecular aspects of the 

inhibitor. Ixin, an anti-thrombin from Ixodes ricillus, was reported by Hoffman et al. 

(1991). Anastopoulos et al. (1991) demonstrated that the saliva of the Australian 

paralysis tick Ixodes IIO/ocyclus has an inhibitory effect on thrombin. 

Parker and Mant (1979) reported an anti-thrombin from the saliva of G/ossil/a II/orsitll/ls. 

However, they did not analyze the inhibitor at the molecular level. Further. they did not 

provide exact data for the molecular weight although they reported activity in fractions 

with molecular weights between 11 and 13 kilodalton. Hellman and Hawkins ( 1965) also 

described anti-thrombin activity in the gut of RllOdnius pro/iXl/s. Recently, Friedreich et 

al. (1993), using whole insect preparations, demonstrated that the anti-thrombin from R. 

prolixus is a Kazal-type inhibitor with a molecular weight of II kilodalton. Jacobs et al. 

(1990) demonstrated anti-thrombin activity in crude salivary gland lysate of S. vittatul1l. 

The molecule was reported to inhibit thrombin in an ill vitro assay using a chromogenic 
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substrate. Molecules with activities against thrombin are either reported us the sole 

anticoagulants (Parker and Mant, 1979) or in combination with others, sllch as factor Xa 

as seen in O. lIIoubata (Waxman et al. 1990; Hellman and Hawkin, 1967), or not at all. 

The investigation on anti-Xa and anti-thrombin described in Chapter 3 revealed the 

existence of anti-thrombin activity in combination with un unti-factor Xa in S. \'itfatllll/ 

and S. argus, while only anti-factor Xa was fOllnd from S. ochracelllll and S. lIIetal/iclIlII. 

Anastopoulos et al. (1991) also detected the presence of anti-Xu activity in the salivary 

glands of I. IlOlocyclus. However, its activity was very low with the anti-thrombin 

activity predominating. Even though anti-thrombin activities have been reported from 

salivary glands of various hematophagous arthropods, there ure na reports that provide 

details on their biochemical und physical characteristics. This study describes the 

isolation, purification and partial molecular characterization af an anti-thrombin from 

salivary gland Iysates of S. vittatlllll. 
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MATERIALS AND METHODS. 

Collection of salivary glands. 

Salivary glands were removed surgically from female S. vittatlll1l that were kept on water 

in a humiditied chamber for 48 hrs., ~o enhance optimum protein secretion (Cupp et al. 

1993) prior to gland removal. Gland collection was conducted with the aid of a pair of 

dissecting needles and a dissecting microscope. Glands were removed on a clean glass 

slide in chilled 0.15 M NaCI and held in the same medium on ice in an Eppendorf tube. 

Up to 250 glands were kept in 50,..1 of suline and stored at -70"C until needed. The flies 

used in the present study were from u continuous laboratory culture at the University of 

Arizona (Bernardo et al. 1986). 

Puritication of anticoagulant. 

One thousand eight hundred and tifty glands were lysed by four cycles of rapid freeze 

thawing (between liquid N2 und 37°C). The lysate was spun at 10,000 x g for 15 min. 

at 4°C and the supernatant fluid was removed directly from the Eppendorf tube with the 

aid of a tuberculin syringe fitted with a plastic automatic pipette tip. One hundred ,..1 

saline was drawn and the lysate and saline were gently mixed. The pipette tip was 
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replaced with a 0.2 ~m pore size Acrodisc 13 filter (Gelman Sciences. Ann Arbor. MI) 

and the salivary suspension was directly applied to a 10 kilodalton molecular weight cut

off Centricon filter (Amicon, Beverly, MA). Repeated passage of 200 ~I saline was made 

through the filter membrane and the salivary proteins were concentrated by centrifugation 

using a JA-20 rotor at 4100 rpm in a Beckman JA 20-21 induction drive centrifuge 

(Beckman, Fullerton, CA) for 1.5 hI'S at 4"C. The retentate was lIsed as starting material 

for purification of the anticoagulant components using an LDC Analytical (Thermo 

Separation Products, Fremont, CA) high performance liquid chromlltography (HPLC) 

system. 

The anticoagulant was isolated by a two-step purification procedure both involving II 

reverse phase C-8 macrosphere column (Alitech, Dearfield, IL). In both steps the mobile 

phases were 15%(A) and 50%(B) acetonitrile and 0.1 % TFA. The conditions under 

which the purification was carried out are outlined under the captions in figures I and 2. 

Fractions of 1 ml were collected in Eppendorf tubes with the aid of a Gilson FC-IOOK 

fractionator (Gilson, Middleton, WI). Aliquots of 50 ~I from each fraction were dried in 

10 ~I of a 1 % BSA solution in water using a Juan RC 10 10 centrifugal vacuum 

concentrator (Juan, Los Gatos, CA) and kept at -70"C until needed. 
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Detection and isolation of fractions with anti-thrombin activities. 

Anti-thrombin activities for all fractions were measured as described in the previolls 

chapter with the following modification: because the conditions under which the HPLC 

purification of the salivary components were carried out had some denaturing effects, it 

was decided to use 3.5 ng of bovine ex. - thrombin. To rule out possible cross activity 

against factor Xa and to determine where the fraction with anti-factor Xa activity elutes 

in relation to the anti-thrombin, the enzyme inhibition assay for Xa was conducted Llsing 

the procedure described above with the same modification. The test was done in 

duplicate for each fraction. The fraction with the anti-thrombin activity was 

rechromatographed under the same conditions with a modified gradient (Fig. 2B). Anti

thrombin activity was tested for each of the fractions as outlined above. Inhibition was 

determined as a percentage in relation to the control. Anticoagulant activity of the 

fraction with anti-thrombin activity was determined with the recalcification time test. 

Determination of molecular weight amino acid composition and N-terminal sequencing. 

The determination of the molecular weight by laser desorptionlionization mass 

spectrometry (LDI-MS) (Hillenkamp et aI., 1991) and amino acid composition and N

terminal sequencing was made at the Harvard Microchemistry Facilities (Cambridge, 
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Mass.). The GCG program was used to determine N-terminal sequence homology. 

Physical characterization of the anti-thrombin. 

Crude salivary gland lysate was used to determine heat stability (56"C for I hr.), alcohol 

(90% ethanol) precipitation, trypsinization for 30 min., and stability to 60% acetonitrile 

0.1 % TFA (l hr.). Enzyme inhibition assays were determined as described in chapter 1. 

Inhibition of other serine proteinases by the anti-thrombin from S. I'ittaf/l11/ saliva. 

Three serine proteinases, namely ex - chymotrypsin (Sigma, St Louis, MO), human 

neutrophil elastase, and cathepsin G (Sigma, St. Louis, MO) were used for this study. 

The anti-thrombin was purified from another batch of 1000 salivary glands of S. \'ittatllll/ 

females using the protocol outlined above. 

Assay for a - chymotrypsin inhibition. 

To 470 III 100 roM Tris-HCI 0.01 M Cal2 pH 7.8 buffer was added 120 ng (total protein) 

of ex - chymotrypsin and 10 III (5 pmole) of S. vittatulIl salivary anti-thrombin suspended 

in water with control tubes receiving 10 III of water. The mixture was incubated at 37"C 
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in a water bath for 20 min .. Twelve and a half micrograms of the chromogenic substrate 

- N-Succinyl-Ala-Ala-Pro-Phe-P-nitroanilide (Sigma. St. Louis, MO.) was added followed 

by a 40 min. incubation. The reaction was stopped by the addition of 25 f.ll of SO% acetic 

acid and the absorbance was determined at 3lS nm in a Beckman DU-64 

spectrophotometer. The test was conducted in triplicate and percent inhibition was 

determined in relation to control. 

Assay for neutrophil elastase inhibition. 

To 470 f.ll SO ruM sodium phosphate buffer pH 6.S was added 3 f.lg human neutrophil 

elastase and 10 III (5 pmole) of S. vitfatulll salivary anti-thrombin suspended in water with 

control tubes receiving 10 III of water. The mixture was incubated at 37"C in a water 

bath for 20 min .. Three hundred and sixty nanograms of the chromogenic substrate - N-t

Boc-L-alanine-p-nitrophenyl-ester (Sigma. St. Louis. MO.) was added followed by a 40 

min. incubation. The reaction was stopped by the addition of 2S f.ll of 50% acetic acid 

and the absorbance was determined at 410 nm in a Beckman DU-64 spectrophotometer. 

The test was conducted in triplicate and percent inhibition was determined in relation to 

control. 
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Assay for neutrophil cathepsin G inhibition. 

To 470 !-II 100 mM Hepes buffer pH 7.5 was added 60 ng human neutrophil cathepsin-G 

and 10 !-II (5 pmole) of S. vittafllm salivary anti-thrombin suspended in water with control 

tubes receiving 10 III of water. The mixture was incubated at 37"C in a water bath for 

20 min.. Twelve and a half microgram of the chromogenic substrate - N-Succinyl-Ala

Ala-Pro-Phe-P-nitroanilide (Sigma, St. Louis, MO.) was added followed by a 60 min. 

incubation. The reaction was stopped by the addition of 25 !-II of 50% acetic acid and the 

absorbance was determined at 315 nm in a Beckman DU-64 spectrophotometer. The 

test was conducted in triplicate and percent inhibition was determined in relation to 

control. 

RESULTS. 

Under the conditions at which the initial purification was curried out, the retention times 

of the anti-factor Xa and anti-thrombin were 42 and 45 mins., respectively (Fig. I A). The 

retention time of the anti-thrombin was found to be the same when it was 

chromatogruphed the second time (Fig. 2A). The anti-thrombin was observed to be 

distinct from the anti-factor Xu by the fact that the two molecules had distinct retention 

times and also specificity in the inhibition of the respective enzymes (Figs. lA and IC). 
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The prolongation of the coagulation of plasma in the recalcification time test indicates 

that the molecule interferes with normal clotting which, in the case of interference with 

thrombin, results in the failure to bring about the formation of fibrin monomers from 

fibrinogen. The molecule was found to be resistant to exposure to 56"C for I hr. 

Inhibitory activity of the molecule \\ as lost when the lysate was treated with trypsin. 

Inhibitor activity was present in the alcohol precipitate and absent from the supernatant 

fluid. Although the molecule withstood exposure to the acetonitrile TFA mixture for I hr., 

loss of activity of about 20% was detected (Table 2). 

The purification of the anti-thrombin was found to be adequate as there was no 

contaminant detected by the LDI-MS (Fig. 3). Also, as can be seen from the LDI-MS. 

the molecular weight of the anti-thrombin was found to be 11,333 daltons. From the 

amino acid composition (Table I), it was found that the molecule is rich in threonine. 

The N-terminal sequence was determined for the first 35 amino acids with one amino acid 

at position 14 missing (Fig. 4). The activity of the molecule on the three serine 

proteinases distinctly shows that all three are inhibited, although the degree of inhibition 

varies between the three molecules (Table 3). The N-terminal sequence showed no 

homology with other molecules. 
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DISCUSSION. 

Thrombin is a serine proteinase with poly-functional properties in the vertebrate 

hemostatic system (Fenton, 1986). It exists in three forms: a - , p - , and y - (Fenton et 

al. 1977, Workman et al. 1977); the a - form is known to be of physiological importance 

and is the product of cleavage of prothrombin. while the p - and y - forms arc considered 

to be of very little significance due to the fact that their clotting capacity is considerably 

diminished (Fenton et al. 1977). a - thrombin not only is involved in hemostasis. but also 

in some functions of the immune system (Fenton. 1986). It has been shown to act as an 

activator and chemotactic factor for neutrophils. monocytes. and macrophages (Bar-Shavit 

et al. 1983, 1986; Bizioas et al. 1986). and also it is reported to be involved in the 

cleavage of complement to C3a and C5a (Feldman et al.. 1986; Fenton. 1986). Malik et 

al. (1986) have also shown that thrombin induces permeability of the vascular 

endothelium by creating endothelial gaps and allowing the free passage of 

macromolecules. 

Probably the major function of the anti-thrombin in the saliva of S. l'ittatlll1l is the 

abrogation of blood clotting. However, the fact that thrombin plays a variety of roles in 

the hemostatic as well as in the immune system suggests that the anti-thrombin may have 

far reaching effects that could also involve some parts of the immune system. 
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Chemotactic and mitogenic response of macrophage to thrombin has been shown to be 

effectively blocked by hirudin, an anti-thrombin from the leech Hiruc/o meclicil/a/is (Bar

Shavit et al. 1983, 1986). The fact that macrophage proliferation and chemoattraction is 

blocked by an anti-thrombin such as hirudin suggests that blood feeders that posses anti

thrombin properties in their saliva cO'lld interfere with macrophage functions. Cross et 

al. (1993) reported that the salivh of S. viftafllm has properties that modulate 

immunological responses of BALB/C mice. They demonstrated that both the afferent and 

efferent arms of the immune system were affected with the occurrence of concomitant 

suppression. Although this suggests evolutionary adaptations by the fly to circumvent 

immunological responses that might impair blood feeding. which component/s of the 

saliva is playing immuno-suppressive role/s is not known. The anti-thrombin could 

therefore be one of the possible candidates for this function. 

Bevilacqua et al. (1984) demonstrated that interleukin-I (lL-I) induces biosynthesis and 

cell slIfface expression of procoagulant activity in human vascular endothelial cells. One 

of the major sources of IL-l is the macrophage and blockage of the macrophage by 

inhibitors such as hirudin and functionally related molecules could result in the down 

regulation of IL-l thereby averting procoagulant activity of endothelial cells. Although 

it is not known as to whether the anti-thrombin or the saliva of S. I'ittatum has a direct 

effect on macrophage function, Goldstein et al. (1979) showed that some proteinase 
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inhibitors compromise macrophage functions such as 0'2 and HP2 production. 

Even though the N-terminal sequence of simulidin shows no homology with other 

molecules, it is difficult to make a qualifying statement on its chemical composition until 

the cDNA is cloned and sequenced. 

Because a - chymotrypsin, elastase, and cathepsin-G (the latter has been reported to be 

a procoagulant (Yamamoto et al. 1993)) are inhibited by simulidin, this molecule has the 

potential of being anti-intlammatory especially in relation to the latter two molecules. 

However, although the black fly takes a relatively longer time to feed \vhen compared to 

such insects such as mosquitoes but does not remain attached to the host as long as ticks 

or leeches, it is difficult to assess the advantage of inhibiting neutrophil degranulation 

products. It is well known that anti-proteinases such as a - I antiprotcinase, <X2 

macroglobulin and others, are present in the blood of the vertebrate host. Therefore, any 

neutrophil degranulation that may occur within the black tly will be inactivated by these 

inhibitors. The eglins, from the leech Hirudo medicillalis, have been shown to inhibit 

the three serine proteinases tested in the present study (Seemuller at a1., 1986). Probably, 

the significance of inhibition of polymorphonuclear cell (PMN) degranulation products 

might be clearer when the question of the overall impact of PMN derived substances on 

the dynamic process of thrombosis and thrombolysis is resolved. 



Fig. lA Chromatogram of the HPLC purified saliva of Sil/llllill/1/ I'iltat/llll. 

+ = Fraction with maximum anti factor Xa activity. 

* = Fraction with maximum anti-thrombin activity. 

Fig. IB Acetonitrile 0.1 % TFA gradient used in the purification of the saliva of S. 

vittatllm. 0-10 min = 100% A, 10-70 min = 0-100% B, 70-80 min. =100%B. 
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Fig. lC Inhibition of factor Xa and thrombin by salivary fractions purified with HPLC. 



85 

a 
I r

a r-----·--
! I 

J! l ~J! , i 
\ i a LII , 

\ I 

\ II \, rll 
~.:==' : -_ .. :.- i i • e \ , -, 

\ I 
\ 

:tj 
51 -51 

\ 
\ , 

II 
\ ~II 

!l~ \ 

1: m 0 rot! 0-

j I I t 
10 

do 
Ii: 

I I I I I I I I 

51 II t! 0 a J! II B IiJ 

*--=;., 
+ 

< ... 

o 



Fig. 2A Chromatogram of the salivary fraction with anti-thrombin activity after 

rechromatography. 

* = Fraction with maximum anti-Xa activity. 
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Fig. 2B Acetonitrile (ACN)O.l % TFA gradient used in the second chromatography of 

the anti-thrombin. 0-10 min. = 100% A, 1O-24min. = 0-39% B, 24-52 min. = 39-49% 

B, 52-7- min. = 49 -100% B. 

Fig 2 C Prolonged coagulation time of plasma by the anti-thrombin Llsing 

recalcification time assay. 
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Fig. 3 LDI-MS spectrograph of the anti-thrombin. 
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Fig. 4 The N-terminal sequence of Simulidin. 

Table 1 The amino acid composition of the <Inti-thrombin. 



Fig. 4. 

NH2 -GIu-Val-Ala-Asn-Leu-Gln-Asp-His-Arg-Pro-Val-Glll-Phe-Val- _-Gill

Lys-Asp-Glu-Asn-Gln-His-Gly-Asp-Asp-Leu-Lell-Lell-Lell-Ser-Val-Met-Phe-
Thr Ser 

Table I. 

Amino acid Mole % 

ASX 4.72 

GLX 10.62 

SER 7.60 

GLY 6.02 

HIS 5.71 

ARG 3.22 

THR 11.21 

ALA 7.13 

PRO 7.59 

TYR 5.27 

VAL 6.91 

MET 0.93 

ILE 4.05 

LEU 10.75 

PHE 5.00 

LYS 3.25 
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Table 2 Presence of anti-thrombin activity following treatment of S. vittaflllll salivury 
gland lysate. 

Table 3 Inhibition of ex - chymotrypsin, human neutrophil elastase. and cathepsin G. 
by the anti-thrombin from the salivary gland lysate of S. l'ittatlllll. 
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Table 2. 

Treatment. Result 

Control + 

Heat 60uC for 1 hr. + 

Trypsin 37"C for 30 min. -

Ethanol precipitate + 

Ethanol supernate -
60% AC*. 0.1% TFA** + 

'" Acetonitrile. *'" Trifloroacetic acid. 

Table 3. 

Enzyme. % inhibition. 

Bovine a. - chymotrypsin. 56.52 

Human neutrophil elastase. 60.45 

Human neutrophil cathepsin G. 42.31 
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CHAPTER 5. 

A NOVEL ANTICOAGULANT FROM THE SALIVA OF Simulium vitlatum 

INHIBITS FACTOR V. 

ABSTRACT. 
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A novel compound with anticoagulant activity in normal plasma, und having no inhibitory 

effect on either factor Xa 01' thrombin (using a chromogenic substrate based enzyme 

inhibition assay), was detected in some fractions of a high performance liquid 

chromatography (HPLC) purified salivary lysate of SimuliullI I'iftaflllll lIsing a simple 

plasma recalcification time assay. Fractions showing the anticoagulant property were 

pooled and tested using the activated partial thromboplastin time (APTT) test. The APTT 

test was conducted on normal plasma and plasmas deficient in factors V, VIII, IX, XI, 

and XII. The anticoagulant was found to prolong the clotting time of all the plasmas 

except that of the factor V deficient plasma. Correction of clotting time studies on 

inhibited normal plasma using dilutions of normal plasma and factor V deficient plasma 

revealed that the normal plasma improved on the clotting time of the inhibited plasma 

while the factor V deficient plasma showed no change. The significance of this new 

finding is discussed in relation to the role of factor V in the coagulation cascade and the 
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feeding behavior of members of the genus Simulium. 
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INTRODUCTION. 

In an attempt to identify other fractions of S. vittatum saliva with anticoagulant properties 

from high performance liquid chromatography (HPLC) purified salivary gland lysate a 

simple plasma recalcification time assay was conducted. While anticoagulant fractions 

with anti factor-Xa and anti-thrombin activity were identified with the aid of 

chromogenic substrate based enzyme inhibition assays (Chapter 3), another anticoagulant 

having no effect on these two important procoagulants was detected. Therefore. this 

report describes a newly identified anticoagulant acting upon coagulation factor V. 

MATERIALS AND METHODS. 

Collection of salivary glands. 

Salivary glands were removed surgically from female S. vitta(1II1l that were kept on water 

in a humidified chamber for 48 hrs., to enhance optimum protein secretion (Cupp et al. 

1993) prior to gland removal. Gland collection was conducted with the aid of a pair of 

dissecting needles and a dissecting microscope. Glands were removed on a clean glass 

slide in chilled 0.15 M NaCI and held in the same medium on ice in Eppendorf tubes. 

Up to 250 glands were kept in 50 fll of saline and stored at -70"C until needed. The nies 
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used in the present study were from a continuous laboratory culture at the University of 

Arizona (Bernardo et a!. 1986). 

Purification of anticoagulant. 

Two thousand glands were lysed by :'our cycles of rapid freeze thawing (between liquid 

N2 and 37"C). The lysate was spun at 10,000 x g for IS min. at 4"C and the supernatant 

fluid was removed directly from the Eppendorf tube with the aid of a tuberculin syringe 

fitted with a plastic automatic pipette tip. Two hundred III saline was drawn and the 

lysate and saline were gently mixed. The pipette tip was replaced with a 0.2 Ilm pore 

size Acrodisc 13 filter (Gelman Sciences, Ann Arbor, Ml) and the salivary suspension 

was directly applied to a 10 kilodalton molecular weight cut-off centricon filter (Amicon. 

Beverly, MA). Repeated passage of 200 III saline was made through the filter membrane 

and the salivary proteins were concentrated by centrifugation using a JA-20 rotor at 4100 

rpm in a Beckman JA 20-21 induction drive centrifuge (Beckman, Fullerton, CA) for 1.5 

hrs at 4uC. The retentate was used as starting material for purification of the 

anticoagulant components using an LDC Analytical (Thermo Separation Products, 

Fremont, CA) high performance liquid chromatography (HPLC) system. 

The anticoagulant was isolated by a one-step purification procedure using a reverse phase 
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C-8 macrosphere column (Alltech, Deart1eld. IL). The mobile phases used were 20% (A) 

and 60% (B) acetonitrile and 0.1 % TFA. The conditions under which the purification was 

carried out is outlined under the caption in Figure I. Fractions of I ml. were collected 

in Eppendorf tubes with the aid of a Gilson FC-IOOK fractionator (Gilson. Middleton. 

WI). Aliquots of 100 fJl from each fraction were dried in 10 fJl of 1% BSA in water 

using a Juan RC 10 10 centrifugal vacuum concentrator (Juan. Los Gatos, CAl and kept 

at -70"C with the bulk of the undricd fractions until needed. 

Detection of anticoagulant. 

The plasma recalcification time assay was used to initially identify fractions with 

anticoagulant properties. The test was conducted as follows: Each dried fraction was 

reconstituted with 200 fJl buffer (20 mM Tris-HCI, 0.15 M NaCI pH 8). Ten pi were 

taken from each fraction and to it was added 40 pi of buffer and 50 pi of normal human 

plasma (Sigma, St. Louis. MO.) in a 10 x 75 mm test tube. The mixture was incubated 

for 6 min. and clotting was initiated by the addition of 50 III of a 20 mM CaCl2 solution. 

The experiment was conducted in duplicate and clotting time was recorded with the aid 

of a stop watch. All working solutions except the plasma (which was kept on ice) were 

kept at 37°C in a water bath. The normal clotting time (without the addition of salivary 

fractions) of each plasma respectively was used as control. The effect of each fraction 
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was determined by subtracting the normal clotting time from the salivary fruction treated 

plasma clotting time to determine the presence of anticoagulants. 

The identity of fractions with anticoagulant activities was determined using the 

chromogenic substrate based enzyme inhibition assay as described in the previous chapter. 

However, the amount of enzymes used was reduced to 3.5 ng. 

Determination of the target enzyme inhibited by the novel anticoagulant. 

Three of the fractions with anticoagulant properties und having no inhibitory effect 011 

factor-Xu and thrombin were dried, reconstituted with 1001-11 buffer (10 mM HEPES 0.15 

M NaCI pH 7.5), and pooled. The turget enzyme in the coagulation cascade that the 

anticoagulant is inhibiting was determined by using the activated partial thromboplastin 

time (APTT) test. The effect of the inhibitor on normal plasma. and on a number of 

factor deficient plasmas was made using the following procedure: To 65pl of buffer 

(IOmM HEPES 0.15M NaCI pH 7.5) was added 15pl of the anticoagulant suspension. To 

this, 401-11 plasma and 201-11 of 2% kaolin were added and the mixture was incubated for 

6 min. with occasional shaking every 2 min. Clotting was initiated by the addition of 

201-11 of 25mM CaC2 and the clotting time was recorded with the aid of a stop watch. The 

normal clotting time (without inhibitor) was determined for all plasmas included in the 
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study. 

The test was done in triplicate for each plasma and the effect of the inhibitor was 

analyzed by subtracting the clotting time of untreated plasma from the respective 

inhibitor treated plasma. The factor deficient plasmas tested were those lacking in factors 

V, VIII, IX, XI and XII. Correct inn of the clotting time of inhibited normal plusma 

was made, in duplicate, using I :40, I :20, I: 10 and 1:5 dilutions of factor V deficient 

plasma and normal plasma. 

Since Jacobs et al. (1990) reported that the saliva of S. vitf(//lIIll does not activate 

plasminogen and does not inhibit factor VII, no attempt was made to determine the 

activity of the anticoagulant against these two enzymes. 

RESULTS. 

From the HPLC profile (Fig. IA) it can be seen that a broad anticoagulant peak is 

observed at 27 min as well as a peak at 53 min. as evidenced by the prolonged 

coagulation time of normal plasma (Fig I C). 
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The fact that the coagulation time of normal plasma is prolonged in the APTT tcst 

confirmed that the anticoagulant is acting on the intrinsic pathway. All plasmas included 

in the test except for the factor V deficient plasma had prolonged coagulation times in 

the presence of the anticoagulant (Table I). Only the coagulation of the factor V 

deficient plasma was unaffected by thl! inhibitor. While the clotting time of the inhibited 

normal plasma was improved by 132, 123, 120 and 118 seconds by 1:40, 1:20, 1;10 anel 

1:5 dilutions of normal plasma respectively, the clotting time of the inhibited normal 

maiI1tained the same clotting time of 133 sec. for all dilutions of the factor V deficient 

plasma (Fig 2). This finding confirms that the target enzyme is factor V. 

DISCUSSION. 

Factor V or proaccelerin, a cofactor in the coagulation cascade, comes into play in the 

common pathway. With a molecular weight of 300,000 e1altons, factor V is found in 

plasma as well as in platelets (Hoyer et aI., 1994). Although not yet proven. there are 

some indications that factor V might be produced by endothelial cells themselves. The 

study of Cerveny et al. (1989) suggest that bovine endothelial cells synthesize this 

procoagulant. Tracy et al. (1983, 1985) showed that factor V is present in monocytes, 

lymphocytes, and neutrophils that provide a procoagulant surface for the assembly of the 

prothrombinase complex. However, no mRNA has been found in leukocytes. Though 
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factor V has been reported from the latter, most of it is produced by platelets (Hoyer et 

al. 1994). 

Platelet activation leads to the release of factor V which becomes activated by thrombin 

and remains bound to the platelet's r.lembrane to serve as a receptor for factor Xa. In 

combination with phospholipid and (:alcium, the so called prothrombinase complex is 

formed that activates prothrombin to thrombin at an accelerated speed. Although Factor 

V is activated by thrombin other enzymes such as factor Xa, plasmin, and elastase can 

activate it (Hoyer et al. 1994). The effect of plasmin and elastase is transient due to the 

fact that these enzymes may inactivate it as well (Hoyer et al. 1994). The major role of 

activating factor V is played by thrombin (Hoyer et al. 1994). Although it is well known 

that factor Xa is able to bring about the activation of prothrombin to thrombin. this 

process is accelerated by 300,000 fold (Miletich et al. 1977) in the presence of activated 

factor V. It has also been shown that factor Va binds to endothelial cells where the 

prothrombinase complex is formed (Rodgers and Shuman, 1987). The essential role of 

factor V for factor Xa-mediated inhibition of PGI2 formation was demonstrated by the fact 

that a human antibody to factor V blocks the inhibition (Sinha et al. 1985). 

Reports of inhibition of cofactors such as factor V or VIII by the saliva of 

hematophagous arthropods are few. In fact factor V inhibition by insect saliva has not 
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previously been reported. The earliest report of an anti-factor VIII from RIIOt/llills 

prolixus was made by Hellman and Hawkins (1964. 1965). It is only recently that 

Gordon and Allen (1991) have shown that factor V and factor VII are inhibited by the 

saliva of the hard tick Dermacentor andersoni. These authors did not determine whether 

the activated or the proenzyme form of factor V is inhibited. That factor V is inhibited 

by the saliva of S. vittatum as reported here is a generalized statement due to the fact that 

it is not exactly known as to whether the proenzyme or its active form is inhibited. 

It is interesting to note that the anticoagulant activity of the saliva of S. I'i{fatl/III is 

targeted at enzymes that either participate in or are endproducts of the prothrombinase 

complex. The fact that the prothrombinase complex is formed on other cell smfaces as 

well as on platelets makes factor Va as equully important as factor Xa and thrombin. thus 

making it a target enzyme whose inhibition can significantly compromise the integrity 

of the hemostatic system. 
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Table 1. The effect of the inhibitor on the clotting time of normal and factor deficient 

plasmas. 



108 

Table 1. 

Treatment. Clotting time (Sec.) Diff. S.E 

Normal plasma. 110 0.3 

Normal plasma + inhibitor. 133 23 0.6 

Factor V deficient plasma. 267 0 

Factor V deficient plasma + inhibitor. 267 0 0 

Factor VIII deficient plasma. 206 0.3 

Factor VIII deficient plasma + inhibitor. 330 124 0.3 

Factor IX deficient plasma. 296 0.3 

Factor IX deficient plasma + inhibitor. 330 34 0.3 

Factor XI deficient plasma. 222 0 

Factor XI deficient plasma + inhibitor. 255 33 0.3 

Factor XII deficient plasma. 279 0.3 

Factor XII deficient plasma + inhibitor. 360 81 0 



Fig. IA. Chromatogram of the saliva of Simulillm !'itta/lIl11. 

1\ = Fraction with maximum anti-Xa activity. 

+ = Fraction with maximum anti-thrombin activity. 

* = New anticoagulant. 

Fig. I B. Acetonitrile 0.1 %TFA gradient used in the purification of the saliva of S. 

vittafllm. 0-5 min. = 100% A. 5-65 min = 0-100% B. 65-80 min. = 100% B. 

Fig. IC. The effect of HPLC purified fractions on plasma clotting time using the 

recalcification time assay. 
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Fig. 2 The effect of dilutions of normal plasma and factor V deficient plasma on the 

clotting time of inhibitor treated normal plasma. 
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CHAPTER 6. 

BLOOD, SALIVA, AND BLACK FLIES: CONCLUDING REMARKS. 

Black flies are recognized as vectors of human and animal pathogens in the tropical and 

temperate regions of the world (Kettle, 1990). In most parts of Africa and in some parts 

of Southern Mexico, Central and South America, many species are vectors of Ollchocerca 

VOIVlIlliS while their importance as vectors of animal diseases, such as Lellc()cytooll and 

a variety of Onchocerca species, is cosmopolitan. 

The disruption of social and economic stability brought about by intense transmission of 

the human parasite, Onchocerca VOlVIIIIIS, in most parts of West Africa is well known and 

gained the attention of the World Health Organization over 20 years ago. As a result a 

vector control campaign in seven countries of that region was establshed to break 

transmission of the parasite. This endeavor coupled with the advent of the microfilaricide 

drug Ivermectin has succeeded in keeping the disease under control. The manifestations 

of the disease coupled with the existence of the vector as different cytotypes or 

cytospecies have dictated investigations on black flies and onchocerciasis to orient 

towards clinical, epidemiological and immunopathological aspects and the ecology and 
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sytematics of the vector. Until very recently any investigations focused on the host-vector 

interface. especially the feeding physiology of the vector and its impact on the host. were 

quite limited despite the fact that the fly has a dramatic effect on animals as well as 

humans. 

There are well documented cases of thl.! impact of blood-feeding by black tlies on humans 

and domestic animals. For example Pinheiro et a!. (1974) reported an epidemic of 

hemorrhagic syndrome. that was linked to black fly bites. from Altumira in Brazil. A 

similar kind of hemorrhagic syndrome. hemorrhagic exanthema of Bolivia. was reported 

by Nobel et a!. (1974). The importance of black nies in the epizootiology of livestock and 

poultry diseases including "simuliotoxicosis" has been reviewed by Cupp ( 1987). 

Even though attempts to describe the pathological effects of black fly saliva on the host 

were made previously. there were no satisfactory answers that explained the underlying 

mechanisms. It was generally believed that the saliva possessed toxins that were 

responsible for the pathological changes. The saliva of the fly has also been suspected 

to playa role in the dermatological changes, including depigmentation, that occur in some 

onchocerciasis patients (Taticheff. 1985). So far there is no direct evidence to support 

or link the effect of saliva and dermal pathology. 
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Measures taken to understand the underlying mechanisms of the immediate and delayed 

type hypersensitivity reactions to insect bites and a better understanding of the workings 

of the vertebrate hemostatic and immune system in relation to arthropod blood feeders 

have begun to shed light on the exact mechanisms of interactions between fly and host 

at the molecular level. 

Unlike hematophagous taxa in the higher Diptera such as the tsetse fly (Glossinidae) and 

members of Stomoxyinae. only the adult female of the Simuliidae feeds on blood. The 

male is a nectar feeder and seldom seen around vertebrates. The mouthparts of the 

female fly. which are quite similar to those of the Ceratopogonidae. consists of serrated 

teeth on the mandibles which are cutting in nature and teeth on the maxillary lacinia 

curved at the tip towards the base of the structure. These "retrose teeth" serve to 

anchor the mouth parts during feeding. 

Black flies are telmophagus in that they lacerate blood vessels and create a pool from 

which they suck the blood meal. Since the distribution of blood vessels in the skin is not 

uniform. the fly has to probe repeatedly until it gets to its target. In mosquitoes it is 

believed that the saliva plays a significant role in detecting blood (Ribeiro. 1984, 1987) 

during the probing process. Black flies however. take a relatively long time to gorge 

with blood. Thus one of the disadvantages of telmophagy is the resistance posed by the 
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host's hemostatic system which is extremely efficient in keeping blood within the 

confines of the blood vessels. Still another barrier is the immune system that responds 

to anything that is antigenic in nature. To overcome the efficient hemostatic barrier black 

flies have developed a battery of molecules that, in most cases, antagonize all three 

components of the system. 

Substances that antagonize the coagulation system, from the saliva of S. vittatl/I/l, have 

been described by Jacobs et al. (1990). Two proteinaceous substances that inhibit factor 

Xa and thrombin are known to exist in the saliva of S. vittatll/ll and S. argl/s. [n the 

present study a third anticoagulant which inhibits factor VIVa is described from the saliva 

of S. vittatum and the anti-thrombin further characterized. 

Although a reasonably good knowledge on the effects of the components of the saliva of 

S. vittatum on the hemostatic system is accumulating, their effect on the immune system 

is wanting. It has been shown that anticoagulants such as hirudin, the anti-thrombin from 

the leech, Hirudo medicilla/is, inhibits macrophage proliferation and chemotaxis. Despite 

the fact that the modulatory effect of S. vittatum saliva on the immune system is known 

(Cross et al. 1993), the exact role of the salivary components is yet to be determined. 

Similarly, while the EIS produced by the sand fly is known to have suppression on 

macrophage function (Theodos and Titus, 1990) the effect of that from the black fly is 
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not yet determined. The fact that the immune system is modulated by salivary gland 

homogenates from the black fly suggests that component/s of the saliva are playing an 

active role in bringing about the modulatory effect. However, the significance of the anti

thrombin in the modulation of the immune system and also its biomedical application is 

yet to be resolved. 

A reasonable speculation on the advantages of modulating the vertebrate immune system 

by the fly's saliva is the fact that the fly is making sure that its arsenal of anti-hemostatic 

agents will not be inactivated by the immuno-competent host, thus reducing its survival 

fitness by making subsequent blood meals too difficult to acquire. Cross et al (1993) 

noted that mice injected with S. vittatlllll salivary gland lysate in combination with 

adjuvant as well as when flies fed directly did not show any antibody response to the 

anti-factor Xa. Indeed it is not known whether the unresponsiveness of the immune 

system to the salivary component in question is due either to immunosuppression brought 

about by the action of specific components of the saliva or as a result of the molecule 

being inherently non-antigenic. 

The well studied EIS from the sand fly LlItzomyia /ongipa/pis (Titus and Ribeiro, 1988) 

has been shown to playa significant role in the experimental transmission of Leishmania 

major. By analogy the fact that the black fly possesses EIS suggests the possibility that 
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this substance might have an epidemiological significance in the transmission of 

Onchocerca species from the fly to the vertebrate host. Cupp et al. (1994) have 

suggested that the EIS might also be important in the transmission of the parasite from 

the host to the fly as well by changing the hemodynamics of the skin. 

One interesting observation made during this study is that the anti-thrombin activity is 

not detected in salivary gland lysates of the two anthrophilic black fly species (5. 

oc/zraceum and S. metallicum) while it is detected in similar material from the two cattle 

feeders (S. argus and S. vittafllm). The former two species have higher amounts of EIS 

and are vectors of Onchocerca volvulus while the latter two arc not. In light of the fact 

that thrombin has the property of attracting neutrophils, monocytes, and macrophages 

(Bar-Shavit et al. 1983, 1986; Bizios et al. 1986) and also affects endothelial cells by 

forming gaps (Malik et al. 1986), it is probable that thrombin, in addition to the EIS, 

could also playa role in the movement of Onchocerca microfilariae to the bite site. 

Despite the fact that the salivary components of Simulium species in onchocerciasis 

endemic areas of Africa are not yet known, the foundations laid by findings from the 

New World species have confirmed that simuliid saliva has the capacity to compromise 

the vertebrate hemostatic system. Determination of the identity of the anti-hemostatic 

agents from African simuliids and their epidemiological as well as their 
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immunopathological impact will contribute towards a better understanding of the role 

played by the saliva of these group of flies in the transmission dynamics of O. volvulus. 

Finally, from the foregoing, it can be seen that certain members of the Simuliidae 

possess a variety of anti-hemostatic agents that are progressively being uncovered by 

scientific investigations. Most of the findings included and cited in this report were made 

within the past four years. It is likely that more substances and other properties of the 

already known components of the saliva will be uncovered as investigations on this 

aspect of the vector-host interface continues. A systematic approach on the effects of the 

salivary components on the hemostatic as well as the immune system could shed light on 

how the simuliids interact with these two important components of vertebrates, through 

the molecular intermediary of the saliva, from which the insect has made it its business. 

a business that has been learned through aeons in the school of evolution, of drawing its 

supply of blood in a reliable way to ensure its daily survival and perpetuate its species. 
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APPENDIX· I 

Recalcification time assay (RTA). 

Equipment: 

Reagents: 

Method. 

Water bath (37uC). 

Automatic Pipettman (100 /--II and 1000/--11 capacity). 

Stop watch. 

Test tubes (10 x 75 mm). 

Test tube rack. 

20 mM CaCI2• 

20 mM Tris-HCI 0.15 M NaCI pH 8.00. 

3.8% Sodium citrate. 

I - Collection, preparation, and storage of plasma (in the event of not llsing 

standard plasma). 

1 - Draw I ml of the 3.8% sodium citrate using a 10 ml plastic syringe. 

2 - Collect venous blood up to the 10 ml mark. 

3 - Mix blood gently and transfer blood into plastic test tubes. 

4 - Centrifuge blood at 4"C for 10 min. immediately. 

5 - Transfer plasma, up to 1 ml, into Eppendorf tubes. 

6 - Label Eppendorff tubes appropriately and store at -70"C. 
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II - Running the recalcification time assay. 

Note: Transfer of buffer and plasma should be mude while test tubes ure in 

water buth. The buffer und CaCI2 should be kept at 37"C. 

A - determination of the stundard clotting time of normul plusmu. 

I - Thaw plasmu by plucing ut 37"C, und keep on ice. 

2 - Place test tubes, 2 in u rack in the wuter bath. 

3 - Transfer 50 /-II of the Tris buffer into euch test tube. 

4 - Add 50 /-II of plusmu und incubute the mixture for 3 min. 

5 - Add 50 /-II of the CaCI2 und sturt a stop watch simultaneously. Do the 

same to the second test tube at un intervul of IS seconds. 

6 - Record time of uppearance of a clot. 
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Note: Plasma having normal clotting time ubove 2.5 min. and below 1.0 min. 

should be discurded. 

B - Determination of the effect of inhibitors on the stundard clotting time. 

1 - Suspend inhibitor in 20 mM Tris-HCI 0.15 M NaCI pH 8.00. 

2 - Transfer 50 /-II each of inhibitor suspension into two test tubes. 

3 - Repeat steps 4 - 6 ubove. 

4 - Determine inhibition of coagulation by subtracting normal clotting time 

from that in which inhibitor is used. 
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Note: In the event of determining a considerably long clotting time when 

testing for inhibitors, the test should be repeated by diluting the inhibitor. 



APPENDIX - II. 

The activated partial thromboplastin time test. 

Reagents: 

10 mM Hepes 0.15 M NaCI pH 7.5. 

2 % Kaolin in 0.15 M NaC!. 

25 mM CaCI2• 

Rabbit brain cephalin. 

Control plasma (Sigma, St. Louis, MO.) 

Factor deficient plasmas (Sigma, St. Louis, MO.) 

HPLC purified saliva. 

Equipment: 

Method. 

Silicon coated tubes 10 x 75 mm. 

Water bath 37°C. 

Test tube rack. 

Automatic Pipettman. (50 J.lI and 200 J.ll). 

Stop watch. 

I - Determination of the standard clotting time of normal plasma. 

(All test should be done in duplicate and the average clotting time 

determined). 

I - Take 80 J.lI of Hepes buffer and mix with 40 J.lI of normal plasma. 
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2 - To the buffer plasma mixture add 20 f.l1 of 2 % kaolin. 

3 - Add 20 f.l1 of rabbit brain cephalin and wait for six min. shaking the tube 

every 2 min. 
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4 - Add 20 f.l1 CaCI2 and simultaneously start a stop watch and determine 

clotting time. Start reading the clotting time after I min. by tilting the test 

tube every 5 sec. 

5 - Note time of total clot formation. 

II - Determination of inhibition of normal plasma. 

I - Suspend freeze dried salivary fraction in Hepes buffer. 

2 - Make appropriate dilutions of the salivary suspension. 

3 - Add Hepes buffer to 80 f.ll. 

4 - Add 40 f.ll plasma. 

5 - Repeat procedures 2 - 5 above. 

Compare standard clotting time of normal plasma with that of inhibited plasma. 

Note: Prolongation of clotting time indicates the presence of anticoagulant that is 

acting on the intrinsic pathway. However. the inhibitor should have no activity 

against factor Xa or thrombin. 

III - Identification of the coagulation factor that is compromised by inhibitor. 

(Plasma deficient in one specific coagulation factor should be used). 

1 - Mix 40 f.ll of a factor deficient plasma with 80 f.ll buffer. 

2 - Repeat procedure 2 -5 above. 
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3 - Repeat the procedure in the presence of inhibitor. 

4 - Compare clotting time of normal plasma, factor deficient plasma with and 

without inhibitor. 

Note: A prolonged clotting time of inhibitor treated deficient plasma indicates 

that the inhibitor is acting against a coagulation factO!' other than the 

one the plasma is deficient. 

IV - Correction of prolonged clotting time. 

Make dilutions, 1: 40, 1 : 20, 1 : 10, and 1 : 5, of normal plasma and a deficient 

plasma that is not affected by the inhibitor and repeat the APTT by adding 40 pi of 

the diluted plasma to 40 pi normal plasma and the inhibitor suspended in 40 pi buffer. 

Note improvement of the clotting time by each plasma dilution and make a plot of 

the clotting time lIsing logarithmic paper. 
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APPENDIX III 

Notes on the purification and characterization of the anti-factor Xa from the salivury 

lysate of SimuliulIl vittatulIl. 

INTRODUCTION. 

The presence of an anti-factor Xa in the saliva of S. vittatw/l was reported by Jacobs et 

a1. (1990). The molecule was isolated by a two step chromatography involving a factor 

Xa affinity column and a C-8 reverse phase (RP) macrosphere column lIsing high 

performance liquid chromatography (HPLC). The molecule was partially characterized 

and was found to have a molecular weight of 18 kilodaltons (Jacobs et al. 1990). The 

amino acid composition revealed that the molecule is rich in glycine. 

The initial objective of the present study was to purify the molecule and get its amino 

acid sequence for the construction of oligonuclotides that could serve as primers to 

amplify the gene. However, determination of the optimum conditions for the purification 

of the molecule took an unexpectedly long time. Therefore, the information presented 

here includes the procedure lIsed in the purification of the molecule, determination of the 

molecular weight of the inhibitor. and its amino acid composition. 

METHODS. 

Repeated attempts were made to purify the molecule following the procedure of Jucobs 

et a1. (1990). However, the technique of using a factor Xa affinity column was 

abandoned due to the fact that the protein yield was very low and ulso purification of the 
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product from the affinity column using the PR-HPLC did not give a satisfactory result 

(data not shown). Therefore, a weak cationic column was used instead of the affinity 

column and an RP C-S macrosphere column was used in the second step of the 

purification. 

Two thousand salivary glands from female S. vittatum were collected by sll1'gical 

dissection using dissecting needles and a dissecting microscope. The glands were 

removed and prepared as described in chapter 4. 

A 10 kD Centricon filter concentrated lysate was used as starting material for purification 

of the anticoagulant using a weak cationic column (Alltech, Dearfield, IL.) with the aid 

of an LDC Analytical, comprising a CM 4100 solvent delivery system and a eM 4100 

multi-wavelength detector (Thermo Separation Products, Fremont, CA), high performance 

liquid chromatography (HPLC) equipment. The mobile phases were 20 111M Hepes pH 

6.S (A) and 20 mM Hepes 2.0 M NaCl pH 6.S (8). The conditions under which the 

purification was carried out are outlined under the caption in figure I. Fractions of 0.5 

ml were collected in Eppendorf tubes with the aid of a Gilson FC-100K fractionator 

(Gilson, Middleton, WI). Aliquots of 50 ).11 from each fraction were removed and stored 

at -70°C in appropriately labelled vials, for the chromogenic substrate assay, along with 

the bulk of the purified products. Detection of anticoagulant was made as described in 

chapter 4; the assay was carried out on every other fraction and 20 f.ll from each aliquot 

was used for the test. 

The second purification step, which was made on pooled fractions with anti-Xa activity, 

involved a reverse phase C-S macrosphere column (Alltech, Dearfield, IL.) following the 

procedure outlined in chapter 4. The RP purified product was sent to the Harvard 

Microchemistry Facility for amino acid analysis and molecular weight determination using 
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laser desorption ionization mass spectrometry (LDI-MS). 

RESULTS AND DISCUSSION. 

Highest anti-factor Xa inhibition activity was observed in the weak cationic column 

fraction having a retention time of 38 min. (Fig. I). The highest anti-Xa activity from the 

reverse phase column had a retention time of 37 min. (Fig. 2). 

Contrary to the report of Jacobs et al. (1990) the molecular weight of the inhibitor was 

found to be 9859 kilodaltons. The observed molecular weight is almost half of what 

Jacobs et al. (1990) reported. Possible explanations for this discrepancy could be that the 

molecule might be a dimer and this molecule dissociated during the purification process, 

or the isolate might have been contaminated. The latter alternative seems plausible due 

to the fact that observation of the original chromatogram of Jacobs et al. ( 1990) revealed 

a molecule that coeluted with the anti-Xa. A small shoulder was observed at the base of 

the peak with anti-Xa activity when the same procedure was followed in the present study 

(data not shown). The fact that the molecule is rich in glycine was confirmed by amino 

acid analysis (Table 1). Further investigations on the purification of the molecule and 

determination of its DNA sequence will resolve the discrepancy observed in the present 

study. 
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Fig. lAo Chromatogram of the saliva of Simlilium vittatllm purified with the aid of a 

weak cationic column. 

Fig. lB. Salt gradient lIsed in the purification of the saliva of S. I'iffatlllll. 0-5 min. = 
100% A, 5-60 min. = 0-50% B, 60-70 min. = 50-100% B. Absorbance at 280 nm. 

Fig. 2A. Chromatogram of the anti-Xa of the saliva of S. viffa/1I111 purified with the aid 

of an RP C-8 macrosphere column. 

Fig. 2B. Acetonitrile 0.1 % TFA gradient: 0-5 min. = 100% A. 5-60 min. = 0-100% B. 

Absorbance at 220 nm. 

*Fractions with highest anti-Xa activity. 



134 



135 

Table 1. The amino acid composition of the anti-factor Xa of S. I'ittatum. 
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Table 1. 

Amino aCld Mole % 

ASX 7.88 

GLX 11.90 

SER 6.34 

GLY 16.23 

HIS 1.08 

ARG 5.10 

THR 4.02 

ALA 6.65 

PRO 10.35 

TYR 2.94 

VAL 2.47 

MET 1.24 

LEU 4.79 

PHE 5.56 

LYS 13.45 



REFERENCE. 

Jacobs, J.W., Cupp, E.W., Sardana, M. and Friedman, P.A. (1990) Isolation and 

characterization of a coagulation factor Xa inhibitor from black fly salivary glands. 

Thromb. Hemost. 64: 235-238. 

137 


