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ABSTRACT 

Four anti-hemostatic components, an anti-platelet, an anti-clotting, an anti

thrombin and a vasodilator, have been characterized from the salivary glands of Cimex 

lectularius . 

Apyrase activity (B.C. 3.6.1.5.) was detected in the salivary gland of Cimex 

lectularius. Kinetic, chromatographic and thermal sensitivity assays indicated that the 

apyrase activity is the result of a true apyrase and not the result of two or more 

different enzyme activities. The apparent molecular mass of apyrase activity was 

79,600 and 21,000. Additionally, the saliva of Cimex lectularius inhibited platelet 

aggregation induced by ADP. 

Cimex lectularius has an anti-clotting with an apparent molecular mass of 17,000. 

The inhibition was observed in both pathways, the extrinsic, as determined by 

inhibition of the prothrombin time, and in the intrinsic, as determined by the 

inhibition of factor X activation in the presence of factor VIII, IXa, X, phospholipids 

and calcium. The data obtained here exclude the inhibition by salivary homogenate of 

either factor VIII, IX or active factor X, and suggest the inhibition of factor X 

activation. 

Additionally, an anti-thrombin was detected which minimally affected the 

recalcification time of citrated plasma, suggesting that Cimex anti-thrombin may be 

inhibiting other functions of thrombin during hemostasis. 

Cimex has a nitrosyl-hemoprotein (nitrophorin) that releases nitric oxide in a pH 

dependent manner. The fraction containing the nitrophorin when separated by HPLC 

caused vasodilation of the preconstricted rabbit aortic strip. The presence of a 

nitrosyl-hemoprotein in Cimex salivary gland was verified by EPR. Cimex nitrophorin 

was purified to homogeneity, and partial amino-acid sequence data was obtained. The 
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sequence was used to generate a peR product to screen a salivary cDNA library 

which yielded a 1 kb clone whose sequence indicates homology to the human inositol 

polyphosphate 5-phosphatase. It is suggested that Cimex co-opted this enzyme, found 

in the salivary glands of insects, to the function of nitric oxide carrier, where this 

protein now is a major secretory protein (salivary glands). This scenario indicates the 

possibility that vertebrate inositol polyphosphate 5-phosphatase may be a hemoprotein 

regulated by nitric oxide. 
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I. INTRODUCTION 

IMPORTANCE OF BLOOD SUCKING INSECTS 

The class Insecta has close to a million reported species; however, only a small 

portion of these are directly relevant to humans in the agricultural, veterinary and 

health areas. The group of blood sucking insects is probably one of the most 

important because of the impact that these insects have in public health. Blood 

sucking insects are important in the medical area as vectors of infectious diseases. The 

major vectors are the anopheline mosquitoes which are responsible for the 

transmission of malaria, blackflies for onchocerciasis, Culex spp., Aedes spp., 

Anopheles spp. and Mansonia spp. mosquitoes for lymphatic filariasis, dengue, fever; 

tse-tse flies for African trypanosomasis and triatomine bugs for American 

trypanosomiasis (Lehane, 1991). In the veterinary area, blood sucking insects have 

had great impact, specifically for losses in agriculture, for example horn fly, stable 

fly, tabanids and mosquitoes affected the cattle industry in the United States in 1965 

with losses estimated in 400 million US dollars (Lehane, 1991). 

The understanding of the interactions between blood sucking insects and their 

hosts will be the main focus of this work. Specifically, I will describe the biochemical 

battle between the host and the insect, in which the host reacts against blood loss and 

the blood sucking insect fights back in order to obtain the blood meal. The blood 

sucking insect Cimex lectularius (Hemiptera) will be the model to study these 

interactions. 
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HOST RESPONSE TO BLOOD SUCKING INSECTS (HEMOSTASIS) 

Blood sucking insects lacerate or penetrate a blood vessel when feeding; the 

damage caused is immediately sensed by the host. Because blood circulation in 

vertebrates is a closed system and is essential for the nourishment of all its parts, any 

loss of blood is considered a serious damage to the system. Therefore, vertebrates 

posses highly efficient, regulated and redundant systems to prevent blood loss. The 

overall process is called hemostasis and is the integration of three interrelated 

processes: platelet activation, vasoconstriction and blood coagulation (clot formation). 

Platelet activation 

Platelets are the first line of defense against vessel injury, forming the temporary 

platelet plug to avoid blood loss, and also regulating other events of hemostasis, like 

vasoconstriction and blood coagulation. Platelets are anucleated cell fragments 

derived from bone marrow megakaryocyte precursors. They are discoidal in shape and 

passively travel in the blood stream in the absence of an agonist (Zucker et al., 1974; 

White, 1979; Sixma, 1986). The extracellular membrane of the platelets is rich in 

glycoproteins that serve as an adhesion receptors for platelet-platelet and platelet

endothelium interactions (Haslam, 1973; Shattil et al., 1994). These adhesion 

receptors belong to the integrin, immunoglobulin, selectin and leucine-rich motif gene 

families. Although these receptors are always present, they do not bind any ligand 

until a response has been elicited (endothelium injury). 

One of the first responses of platelets during vessel injury is the adhesion of the 
I 

platelets to the damaged endothelium by binding to collagen, basement membrane and 
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microfibrils (Siess, 1989; Hourani and Cusack, 1991). Collagen is a strong agonist of 

platelet activation which leads to platelet aggregation and the secretion of components, 

stored in the alpha and dense granules, like ADP and serotonin, and the production of 

the arachidonic acid metabolite, thromboxane A2 (TXA2) (Kroll and Schafer, 1989). 

These products are agonists of platelet activation which recruit more platelets to the 

site of injury and induce aggregation and adherence of the recruited platelet to the 

platelets that are already in contact with the subendothelium (Marcus and Safier, 

1993). Additionally, ADP (adenosine diphosphate) released by injured cells into the 

extracellular milieu further recruits platelets to the forming platelet plug. Activated 

platelets also change their shape from a discoidal to a spiny form. This change in 

shape results in the change in the composition of phospholipids in the surface 

membrane. These phospholipids (mainly phosphatidylserine) are essential for the 

activation of proteins involved in the coagulation cascade (Bevers et al., 1991; Davie 

et al., 1991). Other known agonists of platelet activation are thrombin, prostaglandin 

endoperoxides, platelet activating factor (PAF) , epinephrine, vasopressin and 

thrombospondin (Siess, 1989; Kroll and Schafer, 1989; Siess et al., 1986). 

After aggregation and platelet recruitment, the hemostatic plug is formed by the 

deposition of platelets and fibrin to the site of injury (Davie et al. 1991). 

Erythrocytes and neutrophils are found in proximity to the plug, erythrocytes further 

contribute to plug formation (Valles et aI., 1991), while neutrophils inhibit plug 

formation (Santos et al. 1991). 

The activation mechanism of human platelets has been proposed to be mainly 

through a G-protein-linked receptor (Brass et al., 1987; Kroll and Schafer, 1989). In 

this model, the agonist binds the extracellular part of the receptor sending the signal to 
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the intracellular part, the G protein complex. When the G-protein is activated, the 

complex is dissociated into the a-GTP and fir-subunits. a-GTP subunit activates 

phospholipase C (PLC) which cleaves phosphoinositol bisphosphate (PIP2) into 

inositol 1,4,5 trisphosphate (IP3) and diacylglycerol (DAG). IP3 stimulates the 

release of intracellular calcium and DAG activates protein kinase C (PKC) (Berridge, 

1987; Majerus et al. 1986). Calcium activates a calmodulin-dependent protein kinase 

and the effect of this kinase in combination with PKC leads, by an unknown process, 

to platelet activation (Siess, 1989). 

The activation of platelets, as described previously, leads to the release of 

regulatory components, mainly platelet agonists, and to the expression and changes of 

adhesion receptors. These receptors, which belong to the integrin family, are 

essential for platelet aggregation and platelet adhesion to the endothelial matrix. 

When platelets are activated they express the aIIfi3 receptor, this receptor binds to 

fibrinogen (dimer) and to von Willebrand factor (Shattil et al., 1994). The interactions 

between this receptor and fibrinogen lead to platelet aggregation. Fibrinogen, having 

repetitive domains, can interact with two receptors from different platelets, forming a 

bridge of platelet receptor-fibrinogen-platelet receptor, resulting in a cluster of 

platelets using a common ligand (Farrell and Thiagarajan, 1994). In addition, there 

are other adhesion receptors that also play important roles in platelet aggregation and 

platelet adhesion to endothelium like all type integrins, GP Ib-IX, PECAM-l and p

selectin (Lopez, 1994; Savage, et al., 1992; Shattil et al., 1994). 

Platelet activation also plays an important role in the regulation of 

vasoconstriction and blood coagulation. The components released by platelets, for 

example TXA2 and serotonin are very potent vasoconstrictors (Hudgson et al., 1992; 
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Wiernsperger, 1994; Kaul et aI., 1994), reducing the blood flow in the site of injury 

and allowing the hemostatic plug to form. Additionally, the surface of the activated 

platelet serves as a template for activation of blood cloting. During platelet 

activation, active factor IXa and VIlla are bound to the platelet membrane by specific 

receptors in the presence of calcium (Nesheim et al., 1988; Rawala-Sheikh et al., 

1990). These two molecules recruit factor X and activate this protease to Xa. Factor 

Xa binds to the platelet membrane and together with activated factor Va and 

prothrombin generate thrombin, an essential component of the coagulation cascade 

(Sims et al., 1989). 

Since the main role of platelets is the formation of the hemostatic plug or 

thrombus, the regulation of the plug size is very important to avoid excessive 

thrombosis. To accomplish this, components that inhibit platelet activation are found 

in the physiological system. These components are released from the endothelium and 

are endothelium derived relaxing factor (EDRF) , prostaglandin 12 (PGI2) and 

prostaglandin E2 (PGE2) (Furchgott and Zawadzki, 1980; Furlong et al., 1987; 

Moncada et al., 1976; Radomski et al. 1987). EDRF or nitric oxide (NO), exerts its 

inhibitory effects by activating a guanylyl cyclase and generating cGMP, an 

intracellular messenger inhibitor of platelet activation (Azuma et al., 1986). The 

action of PGI2 an PGE2 is through a G protein linked receptor. This G protein 

activates adenylate cyclase to convert adenosine monophosphate (AMP) to cyclic 

adenosine monophosphate (cAMP). This intracellular messenger is also an inhibitor of 

platelet activation (Kroll and Schafer, 1989; Nairn et aI., 1985). 

Since one of the important agonists for platelet activation and recruitment is 

ADP, the hydrolysis of this nucleotide is an important point of regulation. This is 
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accomplished by an enzyme named apyrase (3.6.1.5.). This ecto-nucleotidase or ATP 

diphosphohydrolase is capable of hydrolyzing adenosine trisphosphate (ATP) and 

ADP to AMP and orthophosphate. The enzyme apyrase in plants (preiss, 1982), and 

blood sucking insects (Ribeiro, 1987), has been previously described and it has been 

recently characterized in mammalian tissue, including endothelium (Yagi et al., 1989; 

Cote et al., 1992; Marcus et al., 1992) 

Vasoconstriction: 

In order to describe the phenomenon of vasoconstriction it is necessary first to 

describe the components and the physical environment where this process takes place. 

First, veins and arteries are composed of the adventia, medial layer and the 

endothelial layer. These blood vessels (but not capillaries) are surrounded by the 

vascular smooth muscle cells (VSMC), and the interactions between these cells and 

the endothelium is the key for the phenomenon of vasoconstriction during hemostasis. 

The major function of the VSMC is to maintain a proper blood flow by 

regulating the diameter of the blood vessel. The regulation of the vascular tone is 

accomplished by the release of relaxing and contracting factors from the endothelium 

(Furchgott and Zawadzki, 1980). The release of these factors is triggered by diverse 

stimuli; however I will be focusing on the stimulus derived during damage of the 

blood vessel and the regulation of these events to re-establish normal operation of the 

blood vessel. 

One of the first events after a blood vessel has been damaged is the activation of 

platelets. The detailed platelet responses were described above. However an 
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important response that needs to be considered here is the release of serotonin, TXA2 

and thrombin (Gentry, 1992), which are vasoconstrictors. Serotonin and TXA2 pass 

through the endothelium and using different receptors act directly on the VSMC, 

leading to contraction and thus reducing blood flow (Tanner et aI., 1993). Thrombin 

acts on the endothelium by activating endothelin (Hickey et aI., 1985; Highsmith et 

aI., 1992). Endothelin is a peptide that causes contraction of the smooth muscle cells 

by a receptor-mediated mechanism (Arai et aI., 1990; Sakurai et aI., 1990). The 

proposed mechanism is the activation of a G protein that activates phospholipase C 

which cleaves PIP2 into IP3 and DAG (Araki et aI., 1989; Resink et aI., 1988; 

Resink et aI., 1990). These two intracellular messengers lead to muscle constriction 

by increasing the release of intracellular calcium (lP3) and by another mechanism that 

is not clear. In addition, an increase in extracellular calcium influx has been 

observed. Calcium has been proposed to enter the cell by two different routes, one by 

a voltage operated channel (VOC) (Goto et aI., 1989; Van Renterghem et aI., 1988) 

and the other by a receptor operated channel (ROC) (Hallam and Rink, 1989). 

Another series of compounds have been also described to activate endothelin, for 

example, Interleukin-l, epinephrine, angiotensin II, calcium ionophore and phorbol 

esters (Tanner et aI., 1993). 

When the damage to the blood vessel has been repaired, the blood flow needs to 

return to normal levels. In other words, the process of vasoconstriction needs to be 

regulated. Regulation of the system is accomplished by two essential factors released 

by the endothelium, the endothelium-derived relaxing factor (EDRF) and prostacyclin 

(PGI2) (Furchgott and Zawadzki, 1980; Tanner et aI.,1993). EDRF has been 

described to be the gas nitric oxide (NO)(Jgnarro et aI., 1987). The mode of action of 

prostacyclin on smooth muscle cells is through a membrane bound-adenylate cyclase 
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(Gryglewski et al., 1988). Nitric oxide exerts its relaxing effects in smooth muscle 

cells by activating a soluble guanylate cyclase (Rapoport and Murad, 1983). This 

guanylate cyclase is a heme protein that is activated by binding NO and converts 

guanidine triphosphate (GTP) to cyclic-guanidine monophosphate (cGMP). It has 

been proposed that cGMP activates a cGMP dependent protein kinase which 

phosphorylates myosin light chains leading to relaxation of the smooth muscle cells 

(Bredt and Snyder, 1994). 

There are different factors that activate the release of nitric oxide from the 

endothelium such as bradykinin and substance P (palmer et al. 1987). In addition, as 

a feedback inhibitory mechanism for vasoconstriction, thrombin, ADP and serotonin 

also activate the release of nitric oxide from endothelium (Tanner et al. 1993). 

Another regulatory point is on the release of endothelin; EDRF and PGI2 inhibit the 

release of endothelin from the endothelium (Boulanger and Luscher, 1990). 

In addition to regulating vasoconstriction, NO also regulates platelet function by 

inhibiting platelet aggregation (Azuma et al., 1986). The inhibition has been proposed 

to be by the activation of a guanylate cyclase. EDRF or nitric oxide also regulates the 

coagulation cascade by increasing fibrinolysis thereby avoiding the formation of an 

excessive thrombus or clot (Korbut et al., 1990). 

Blood coagulation cascade 

The culmination of the hemostasis process is the integration of vasoconstriction, 

platelet aggregation and the blood coagulation cascade. The formation of a blood clot 

is the last step in the series of proteolytic reactions that, coordinated with platelet and 

endothelial cells, minimize any loss of blood during vessel injury. There are many 
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proteolytic enzymes and factors that are essential in this process. The proteolytic 

enzymes, factors VII, IX, X, XI and prothrombin are relatives of the proteases trypsin 

and chymotrypsin and are normally found in inactive form in the circulation system 

(Furie et al., 1982). The activation of these proteases is by cleavage of one or two 

peptide bonds. There exist also two essential cofactors, factor VII and VIII, which 

are also activated by peptide bond cleavage (Furie and Furie, 1992). In addition, 

there is tissue factor, the only transmembrane protein in the coagulation cascade, 

which is normally expressed in the surface of nonvascular cells (Spicer et al., 1987). 

Factors IX, X, VII and prothrombin require vitamin K for the synthesis of the T

carboxyglutamic acid domain of these pro-enzymes. This amino acid is necessary for 

the interaction between the proteases, Ca2+, and cell membranes (Esmon et al. 

1975). The coagulation factors, VII, IX, and X possess a epidermal growth factor

like domain which has been proposed to be necessary for protein-protein interactions 

(Furie and Furie, 1992). 

The endpoint of the coagulation cascade is the formation of the fibrin clot 

resulting from the action of thrombin on fibrinogen. It has been proposed for many 

years that two different pathways are involved in the formation of thrombin: the 

intrinsic and the extrinsic pathways (Davie and Ratnoff, 1964; Macfarlane, 1964). 

The intrinsic pathway starts with the activation of factor XII to factor XIla in the 

presence of negatively charged surfaces, pre-kallinein and high molecular weight 

kininogen (in vitro). Active factor XIIa activates factor XI to factor Xla. Active 

factor XIa cleaves factor IX to IXa, which in the presence of active factor VIlla 

cleaves factor X to Xa, and finally active factor Xa, in a complex with factor Va, 

cleaves prothrombin to thrombin. In the extrinsic pathway the cascade is initiated by 

the interaction between tissue factor and factor VII. Factor VIla activates factor X to 
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Xa, which in the presence of factor Va, cleaves prothrombin to thrombin. 

Data accumulated over the years from in vitro and patient bleeding disorder 

studies (Roberts and Lozier, 1991; Ratnoff and Colopy, 1955; Hathaway et al., 1965) 

have resulted in a better understanding of the blood coagulation pathway and a more 

physiological and integral mechanism has been proposed (Furie and Furie, 1992; 

Esmon, 1993). First, because factor XII has been shown not to be essential in 

patients lacking this factor and because the importance of factor XII was described 

only in in vitro studies, it has been concluded that factor XII is not physiologically 

relevant in the initiation of the coagulation cascade. However it may play a role in 

sustaining the process of coagulation. Then the question arises as to how coagulation 

is initiated and how the two pathways are connected. The following proposed 

mechanism (Fig. 1) integrates the two pathways and gives a better explanation of the 

relevance of specific factors, cofactors and their regulation. 

The initiation of the blood coagulation cascade can be envisioned as a slow 

initiation mechanism which is then augmented by the products or factors activated in 

the process. In other words, the blood clotting cascade possesses a self enhancing or 

amplifying mechanism in which the main consequence is the massive production of 

thrombin. The slow initiation can be described by the limited amount of thrombin 

produced when factor VIla, which is initially activated by an unknown enzyme, binds 

to tissue factor in the membrane of non-vascular cells (Rao and Rapaport, 1988). 

Since by this stage in the process of hemostasis platelets are already activated, one of 

the results of this activation is the change in the composition of the platelet membrane, 

which now consists mainly of negatively-charged phospholipids (Davie et al., 1991). 

In this environment of a negatively-charged membrane and in the presence of the 
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factor VIla-tissue factor complex, factor X binds to this complex and is activated to 

factor Xa (Rao and Rapaport, 1988). The next step is the formation of the complex 

factor Xa-factor Va on the membrane. However, this complex is only formed when 

factor V is active. The initial activation of factor Va has been proposed to be carried 

out by a protease released by platelets (Kane et al. 1982). However, the activity of 

factor Va produced by this mechanism is not very high, but presumably high enough 

to form an active factor Xalfactor Va complex. This membrane associated complex 

binds to prothrombin which is activated to thrombin and released back to the 

circulation (Mann et al. 1988; Furie and Furie, 1992). 

The amount of thrombin initially formed by this process is limited and is mainly 

due to the activation of factor V and X. Although factor IX is activated by the factor 

VIla-tissue factor complex to factor IXa (Rao and Rapaport, 1988), it does not play 

any role in this initial production of thrombin because active factor VIlla is absent in 

this initial process and these two factors (VIlla and IXa) need to form a complex to be 

able to activate factor X (Gilbert et al., 1990). The amount of thrombin and the rate 

at which it is initially produced by these few reactions probably would not be 

sufficient to induce massive conversion of fibrinogen to fibrin. However, at this point 

the integration of the intrinsic and extrinsic pathways takes place and this integration 

results in the amplification of the clotting cascade and subsequently an increase in the 
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production of thrombin. This amplification event is led by low concentrations of 

thrombin, suggesting that the initial concentration of thrombin is more regulatory than 

enzymatic in activating fibrin. This conclusion is based on the following observations: 

1) Thrombin activates factor XI to XIa (Naito and Fujikawa, 1991); 2) thrombin 

activates factor VIII to Villa (Tiarks, 1992); 3) thrombin activates factor V to Va 

(Willems, 1992). Following the activation of these enzymes by thrombin, the cascade 

is greatly amplified, factor Xla activates factor IX to IXa, which in the presence of 

activated factor Villa (also catalyzed by thrombin) activates factor X to Xa which in 

the presence of factor Va (previously activated by thrombin) cleaves prothrombin to 

thrombin. In addition, factor Xa activates factor VII to VIla. Therefore, thrombin is 

not only important as the final enzyme in the coagulation cascade to convert 

fibrinogen to fibrin, but also it is necessary to activate other enzymes which will 

accelerate the coagulation cascade to produce more thrombin (Fig. 1, thick lines). 

Since the coagulation cascade leads to a thrombus or a clot formation, excessive 

clotting is not beneficial for the system. Therefore, a regulatory mechanism or 

mechanisms have to exist in order to control these amplified series of events. As in 

other important enzymatic cascades, the coagulation cascade has at least three known 

inhibitory mechanisms: The antithrombin III (ATIII), the protein C-, protein S-, 

thrombomodulin (TM) and the tissue factor pathway inhibitor (TFPI). The ATIII 

inhibits the serine proteases of the coagulation cascade, mainly thrombin, factor IXa 

and factor Xa (Rosenberg and Rosenberg, 1984). This activity is greatly enhanced by 

heparin and heparin-like molecules found in vascular tissue by altering the 

conformation of ATIII (Danielsson et al., 1986). The second inhibitory mechanism is 

activated by thrombin, which binds to the endothelial membrane receptor 

thrombomodulin (TM). When this complex is formed, it activates protein C which in 
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tum binds to protein S in the membrane. This complex inactivates the essential 

cofactors factor Va and factor VIlla, reducing dramatically the rate of clot formation 

(Walker et al., 1979; Suzuki et al., 1983; Fay et al., 1991). The third inhibitory 

mechanism is by the tissue factor pathway inhibitor. TFPI forms a complex with 

factor Xa, which inactivates the tissue factor-factor VIla complex (Broze et al., 1990). 

In addition, the tissue factor-factor VIla complex is inhibited by A TIll in the presence 

of heparin (Shigematsu et al., 1992). 
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INSECT MECHANISMS TO OVERCOME HOST'S HEMOSTASIS 

An important obstacle that blood sucking insects face when attempting to feed is 

the hemostatic barrier imposed by the host. This system, besides being highly 

responsive, is also highly redundant, where endothelial, vascular cells, platelets and 

coagulation factors crossinteract in a coordinated manner to stop blood loss during 

vessel injury. Therefore, blood sucking insects have to counteract effectively the 

hemostatic process and its redundancy. They do this by using a series of components, 

from the salivary glands, capable of inhibiting the hemostasis process. The insect's 

anti-hemostatic components are of a diverse nature, and besides being effective for 

inhibiting a specific process of hemostasis (ie. vasoconstriction), some components 

can also inhibit more than one process (ie vasoconstriction and platelet aggregation). 

Accordingly, against the redundant hemostatic response, blood sucking arthropods 

respond with a no less redundant pharmacological armamentarium. So far, the anti

hemostatic components found in blood sucking arthropods can be classified into three 

different groups: anti-platelets, vasodilators and inhibitors of the blood coagulation 

cascade. 

Vasodilators: 

The term vasodilators is conferred to substances that inhibit the process of 

vasoconstriction by relaxing the smooth muscle cells that surround the vasculature. 

There have been reported different types of vasodilators in different blood sucking 

arthropods. For example, prostaglandins like PGE2, PGF2a, and PGI2 have been 

described in different genera of ticks (Dickson et al. 1976; Higgs et al. 1976; Ribeiro 

et al., 1985; Ribeiro et al., 1988; Ribeiro et al.,1992). PGI2 is known to inhibit 
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vasoconstriction by activating a membrane bound adenylate cyclase in smooth muscle 

cells. In addition, PGI2 inhibits the release of endothelin, a potent vasoconstrictor 

(Boulanger and Luscher, 1990). 

Peptide vasodilators have been found in the sand fly Lutzomya longipalpis 

(Lerner et aI., 1991; Lerner et aI., 1992; Ribeiro et aI., 1989), the black fly Simulium 

vittatum (Cupp et aI. 1994) and the mosquito Aedes aegypti (Champagne et aI., 1994; 

Ribeiro, 1992). The peptidic vasodilator from the sand fly Lutzomya longipalpis is 

the most potent vasodilator known. The vasodilatory peptide from the black fly is a 

persistent vasodilator and is unrelated to the one found in the sand fly. The peptidic 

vasodilators from A. aegypti belong to the family of tackykinins, which act by 

activating the release of endothelial nitric oxide, a potent vasodilator. 

Another type of vasodilator has been found in the triatomine bug Rhodnius 

prolixus (Ribeiro et aI., 1990; Ribeiro et aI., 1993). This bug possesses in the 

salivary gland a family of heme proteins (nitrophorins) which transport and release 

nitric oxide, a potent vasodilator, upon dilution, change in pH and histamine binding 

(Ribeiro and Walker, 1994). 

Inhibitors of platelet activation: 

One of the most important cells in the hemostatic process is the platelets. 

Platelets are involved in the formation of the thrombus plug, vasoconstriction and in 

the coagulation cascade. Therefore, blood sucking arthropods possess substances 

effective in inhibiting the activity of these cells. One particular component which has 

been found in most blood sucking arthropods studied is the enzyme apyrase 
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(3.6.1.5.). This enzyme hydrolyses ATP and ADP to AMP yielding one (ADP) or 

two (ATP) molecules of inorganic phosphate per nucleotide molecule. The relevance 

of apyrase in platelet inactivation is due to the hydrolysis of ADP, a potent agonist of 

platelet activation and aggregation. Therefore by removing an important source of 

platelet activation (ADP) , apyrase blocks platelet aggregation. Apyrases have been 

described in triatomine bugs (Ribeiro and Garcia, 1980; Sarkis et al., 1986), in ticks 

(Ribeiro et al., 1985; Ribeiro et al., 1991), fleas (Ribeiro et al., 1990), mosquitoes 

(Ribeiro et al., 1984; Ribeiro et al., 1985; Cupp et al., 1994), black fly (Cupp et al., 

1993), sand flies (Ribeiro et al., 1989) and tse-tse fly (Mant and Parker, 1981). It has 

been observed, however, that the kinetic properties of the apyrases are different in 

different insects and ticks. Differences were noted with respect to cation dependence, 

pH optimum and substrate specificity. Other components inhibiting platelet activation 

were also described. For example ticks, in addition to possessing apyrase, have also 

PGI2 (Ribeiro, 1988). This prostaglandin inhibits platelet activation by activating 

adenylate cyclase. In similar manner, R. prolixus possess in their salivary glands nitric 

oxide, which is known to activate a guanylate cyclase in platelets leading to the 

inactivation of these cells. Other components found in the salivary glands of ticks 

(Waxman and Connolly, 1993), deer flies (Grevelink et al., 1993) and triatomine bugs 

(Noeske-Jungbult et al., 1994) are capable of inhibiting platelet aggregation in a 

different manner. These compounds inhibit formation of the bridge between the 

platelet fibrinogen receptor, in a manner similar to the snake venom derived

disintegrins (Shattil et al. 1994). 
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Inhibitors of the blood coagulation cascade: 

The last step in the process of hemostasis is the formation of the fibrin clot. This 

process is accomplished by a series of proteolytic cascades that end in the production 

of thrombin which cleaves fibrinogen to fibrin. Blood sucking insects have in their 

salivary glands components that inhibit these processes. However, the characterization 

of these compounds started only in the last two decades. For example, ticks have 

been described to have anti-factor Xa (Waxman et al., 1990), anti-factor V and anti

factor VII (Gordon et al., 1991). Triatomine bugs like R. prolixus possess anti-factor 

VIII in their salivary glands (Hellman and Hawkins, 1965; Ribeiro et al. 1995) and an 

anti-thrombin has been described when using a whole body homogenate that is 

possibly of gut origin (Friedrich et al., 1993). The triatomine Eutriatoma maculatus 

(Hellman and Hawkins, 1966) and the tse-tse fly Glossina morsitans (Parker and 

Mant, 1979) contain an anti-thrombin in their salivary glands. The black fly Simulium 

vittatum posses in their salivary glands an anti-factor Xa (Jacobs et al., 1990), an anti

thrombin and anti-factor V (Abebe, PhD thesis). 

It is becoming apparent that the scenario of convergent evolution to blood feeding 

by several unrelated families of arthropods yielded a large diversity of antihemostatic 

compounds. Together, the combination of several mechanisms used by the host to 

avoid blood loss and the several mechanisms that blood sucking insects must have to 

counteract the host's response, suggests a scenario of many components waiting to be 

discovered. 
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ll. SPECIFIC AIMS 

The focus of this study is to investigate the anti-hemostatic components that 

Cimex lecrularius has in its salivary glands which will assist hematophagy. 

The goals of the study on Cimex lecrularius salivary glands are the following: 

1) Characterization of the apyrase. 

2) Identification of its anti-clotting component, and its mechanism of action. 

3) Characterization, purification and cloning of its vasodilator component. 



34 

m.METHODS 

Rearing of Cimex lectularius and collection of the salivary glands 

Cimex lectularius colonies were maintained in the insectary of the Center for 

Insect Science at the University of Arizona. Colonies were kept at 270C and 65 % 

humidity. Insects were fed every 10 days by exposing them to the shaved abdomen of 

an anesthetized rabbit. All animals used in these experiments were treated according 

to approved protocols reviewed by the University of Arizona Institutional Animal 

Care and Use Committee. 

Salivary glands of insects at 8-10 days after feeding were dissected and stored at 

-750 C until used in different buffers (phosphate buffered saline or PBS: 10 mM 

sodium phosphate at pH 7.0 with 150 mM NaCI, 10 mM sodium acetate at pH 5.0 

with 150 mM NaCI, or 10 mM Tris pH 8.3). Salivary glands were disrupted with a 

stainless steel dissection needle and homogenized. The homogenate was centrifuged at 

14,000 rpm for 5 minutes at 4oC. The supernatant was recovered and used in the 

various experiments. 

Apyrase activity measurements of Cimex lectularius salivary glands. 

Apyrase activity was determined by the previously described colorimetric 

methods (Fiske and Subbarow, 1925 ; Ribeiro et al., 1989). Briefly, a solution 

containing 50 mM Tris pH 8.3, 150 mM NaCI and 5 mM CaCl2 was mixed with 

salivary gland homogenate or buffer alone (control) in the wells of a 96-well 

microtiter plate with maximum volume of 0.1 mL. To this mixture, a final 
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concentration of 2 mM of either ATP, ADP or AMP was added and incubated at 

370 C for 10 min. The reaction was stopped by the addition of 28 p.L of a stop 

reaction mixture: 3 p.L of 25 mg/ml of the reducing reagent (mixture of 0.2 g 1-

amino-2-naphtol-4-sulfonic acid with 0.2 g sodium bisulfite and 1.2 g sodium sulfite) 

and 25 p.L of 1.25 % ammonium molybdate in 2.5 N H2S04 (Fiske and Subbarow, 

1925). After 20 minutes the plate was read in a Thermomax microplate reader 

(Molecular Devices, Menlo Park, CA) at 650 nm. The concentration of phosphate 

was determined by interpolation with a phosphate standard curve. One unit of enzyme 

activity (U) is defined as the amount of enzyme that releases one micromole of 

orthophosphate per minute from the nucleotide substrate under the specified assay 

conditions. 

Determination of apyrase activity at different pH's was achieved with a mixture 

of buffers (20 mM Na acetate pH 5.0, 20 mM imidazole pH 6.5, 20 mM Hepes pH 

7.5, 20 mM Tris pH 8.3 and 20 mM glycine pH 9.0) adjusted to pH 5.0, 5.5, 6.0, 

6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5 and 10, and containing a final concentration of 100 

mM NaCI and 5 mM CaCI2. Reactions were initiated, stopped and read as described 

above. 

Determination of apyrase activity in the presence of different cations was 

achieved using 50 mM Tris pH 8.3, 100 mM NaCI and 5 mM of either CaC12, 

MgC12, MnC12 or ZnC12. Reactions were initiated, stopped and read as described 

above. 
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Determination of protein concentration of salivary glands. 

Protein concentration was determined using the bicinchoninic acid assay (BCA) 

for protein (pierce, Rockford, Ill). Samples were assayed on a microtiter plate and 

protein concentration determined using a bovine serum albumin standard curve. 

Determination of relative molecular weight of Cimex lectularius apyrase. 

Determination of relative molecular weight for apyrase was accomplished by 

HPLC molecular sieving chromatography. Briefly, the sample consisting of a 

homogenate of 100 pairs of salivary glands was injected into an HPLC system which 

consisted of an HPLC pump (Thermo Separation Products) connected to a TSK gel 

G2000 SW column (7.Smm x 60 cm), obtained from Supelco, Inc. (Bellefonte, 

Pennsylvania). Running buffer was sodium acetate (10 mM) pH S.O + NaCI (ISO 

mM) with a flow rate of 1.0 mL/min. Protein was detected at 280 nm and the eluting 

fractions were collected every 0.4 min and tested for apyrase activity as described 

above. 

Molecular mass standards were B-amylase, bovine serum albumin, carbonic 

anhydrase, myoglobin and cytochrome c. 

Anion exchange chromatography of ATPase and ADPase activities of Cimex 

lectularius salivary homogenate. 

A salivary gland homogenate was injected to an HPLC system consisting of a 

HPLC CM4100 pump from Thermo Separation Products (Riviera Beach, Florida) 

connected to a TSK-gel DEAE-SPW column (7.Scm x 7.Smm) obtained from Supelco 
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Inc (Bellefonte, Pennsylvania) and directed to a SM4100 dual wavelength detector 

from Thermo Separation Products (Riviera Beach, Florida). The signal from the 

detector was collected by a 80286 microcomputer with math coprocessor, and the 

absorbance recorded with a home-made program written in QuickBasic (Microsoft, 

Redmond, Washington). Proteins were eluted by a salt gradient from 0 to 0.5 M 

NaCII 20 mM Tris pH 8.0 at 0.5 mL/min in 30 minutes. Fractions were collected 

every minute and tested for apyrase as previously described. 

Isolectric focusing of apyrase activities of Cimex salivary homogenate. 

Salivary gland homogenate proteins were isolated by isoelectrofocusing, using the 

PHAST system from Pharmacia (Uppsala, Sweden). Briefly, salivary gland 

homogenate was added to an PHAST applicator designed to hold 4 p.L of sample. 

The applicator was positioned in the PHAST system and the sample applied to an 

isoelectric focusing minigel with the pH range from 3 to 9 (Pharmacia). Protein 

separation was done following manufacturer specifications (IEF 3-9 program for 

separation and IEF-SILVER program for staining). Isoelectric focusing markers were 

amyloglucosidase, trypsin inhibitor, B-Iactoglobulin A, carbonic anhydrase I, carbonic 

anhydrase II, myoglobin, L-Iactic dehydrogenase and trypsinogen from Sigma (St. 

Louis, MO.). 

After protein separation, the lanes of the gel, where the salivary homogenate and 

markers were separated, were cut and half were silver stained and the other gel lines 

were tested for apyrase activities. These activities were measured by submerging the 

gel onto a solution containing 50 mM Tris pH 9.0, 20 mM CaCI2, 150 mM NaCI and 

5 mM of either ATP, ADP or AMP. The presence of a white precipitate indicated the 
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presence of phosphate released and then complexed with calcium to form precipitated 

calcium phosphate. 

Platelet aggregation assay 

Platelet aggregation assays were performed using human citrated (0.38%) platelet 

rich plasma (Born and Cross, 1963). The aggregation was induced by the addition of 

ADP (5 JLM final) to the platelet rich plasma and measured in an aggregometer 

(Siemco) equipped with a 0.1 mL cuvette. 

Different dilutions of Cimex lectularius salivary gland homogenate (maximum 

volume of 2 JLL) were added to the platelet rich plasma 1.2 minutes before the 

addition of ADP (5 JLM final) and the aggregation monitored as described above. 

Measurement of human plasma clotting activity 

Clotting activity was measured by the recalcification time of citrated human 

plasma using a Thermomax microplate ELISA reader (Molecular Devices, Menlo 

Park, California) having a kinetic module as previously described (Ribeiro et al. 

1995). Briefly, 50 JLL of citrated human platelet-poor plasma and 50 JLL of 0.15 M 

NaCI + 10 mM sodium Hepes pH 7.4 with or without Cimex salivary gland 

homogenate, were mixed in a flat bottom well plate (96 wells, Falcon 3912, Beckton 

and Dickinson, Oxnard, California) for 2 min at 37 oC, followed by addition of 50 

JLL of pre-warmed (37 OC) 25 mM CaCI2. An 8-channel multipipeter was used for 

delivering calcium aliquots. After addition of calcium chloride, the plate was mixed 

and maintained at 37 0C using the apparatus mixer and heating system and absorbance 

readings at 650 nm were taken at 10 sec intervals. A fast and sharp increase in the 
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absorbance after a lag phase indicated clotting. We chose the time taken for reaching 

a 0.1 or 0.05 absorbance value as a measure of clotting time, using the "time to 

selected absorbance" module included in the instrument's SOFTMAX software 

(Macintosh). With this procedure, all the fractions resulting from a whole 

chromatographic procedure could be analyzed quickly and simultaneously for 

anticlotting activity. One unit of anticoagulant activity was defined as the amount of 

protein able to double the clotting time of normal plasma controls. 

Clotting activity of Factors VIII and IX deficient plasmas 

The clotting activity in the absence or presence of Cimex lectularius salivary 

gland homogenate was performed using the same protocol for recalcification time of 

normal human plasma. Factor VIII and Factor IX deficient plasmas were obtained 

from Sigma (St. Louis, MO) in lyophilized form, and reconstituted to 1 mL with 

deionized water and used for the clotting assay. 

Prothrombin time assay. 

Prothrombin time test or activity of the extrinsic pathway of the blood 

coagulation cascade induced by tissue factor was determined using thromboplastin 

with calcium from Sigma (St. Louis, MO). The lyophilized rabbit brain 

thromboplastin with calcium (11.6 mM) was reconstituted in 1 mL of deionized water 

and the solution used for the prothrombin time assay. 

For the assay, 10 p.L of normal human plasma was mixed with 90 p.L of 10 mM 

Hepes + 150 mM NaCI (in the presence or absence of Cimex salivary gland 

homogenate) and the mixture was incubated for 2 minutes at 370 C. After 
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preincubation, 50 p.L of a solution containing tissue factor and CaCl2 was added to 

the plasma mixture and the sample was read on a microplate reader at 650 nm and the 

temperature controlled at 370 C. For our assay conditions, clot formation induced by 

tissue factor was established as the time which absorbance reaches 6 mO.D. at 650 

nm. 

Measurement of thrombin activity. 

Human thrombin and the chromogenic substrate (Benzoyl-Phe-Val-Arg-pNA) 

were obtained from Calbiochem (San Diego, CA). 

The activity of thrombin (cleavage of the chromogenic substrate) was measured 

spectrophotometrically at 405 nm on a microplate reader. 

Briefly, 10 p.L of thrombin (2.5 units/mL) were mixed with 80 p.L of 10 mM 

Hepes + 150 mM NaCI (in the presence or absence of Cimex salivary gland 

homogenate) and the mixture preincubated for 2 min at 370 C. Then, 60 p.L of 

chromogenic substrate (0.5 mg/mL) was added to the mixture and the sample was 

read at 405 nm with the temperature controlled at 370 C. 

Measurement of Factor Xa activity: 

Factor Xa (human plasma) was obtained from Calbiochem (San Diego, CA) and 

the chromogenic substrate Benzoyl-Ile-Glu-Gly-Arg-pNA, was from Centerchem, Inc. 

(Stamford, CT) 

The activity of Factor Xa (cleavage of the chromogenic substrate) was measured 

spectrophotometrically at 405 nm on a microplate reader. 

Briefly, 10 p.L of Factor Xa (0.5 units/mL), in the presence or the absence of 
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phospholipid solution and 25 mM CaCI2, were mixed with 120 ILL of 10 mM Hepes 

+ 150 mM NaCl (in the presence or absence of Cimex salivary gland homogenate) 

and the mixture preincubated for 2 min at 370 C. Then, 20 ILL of 5 mM chromogenic 

substrate were added to the mixture and the sample was read at 405 nm with the 

temperature controlled at 370 C. 

Measurement of Factor X activation using the Factor VIII COATEST 

Factor X activity was assayed using COATEST factor VIII kit from Helena 

Laboratories (Beaumont, Texas), according to the recommendations of the 

manufacturer. This test measures activation of factor X (determined by the 

chromogenic substrate S-2222) in the presence of factor IXa, C~2+, phospholipid and 

1-2581 (a thrombin inhibitor) and normal human plasma as a source for factor VIII. 

The activation of factor X is dependent in the amount of added factor VIII from 

normal human plasma. In the absence of factor VIII, activation of factor X is 

delayed. Whenever needed, platelet-poor human plasma was used. 

The assay was also performed in the absence of human plasma and using as a 

source for Factor VIII the commercially available Factor VIII:C (Monoclate-P) from 

Armour Pharmaceutical Company (Kankakee, Ill). 

Molecular sieving chromatography of C. lectularius anticlotting factor. 

Determination of relative molecular weight for the anti-clotting factor was 

accomplished by HPLC molecular sieving chromatography as described previously in 

this dissertation. 

The eluting fractions were neutralized with 0.1 M Hepes pH 7.4 and tested for 
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recalcification time of normal, factor VIn deficient and factor IX deficient plasma, 

thrombin activity, factor Xa activity and factor X activation. 

Aortic ring bioassays. 

Rabbit aortic ring bioassays were performed as previously described (Ribeiro et 

al. 1990). The only modifications were the use of continuous bubbling of the Krebs 

solution with air instead of 95 % 02 and 5 % C02 in order to increase the sensitivity 

of the aortic ring to NO and the addition of 10 mM Hepes buffer, pH 7.4, to the 

Krebs Ringer solution. All the assays were performed with endothelium-free 

preparations, as demonstrated by their insensitivity to 1 Itg. mL -1 acetylcholine. 

Rabbit aortic ring constriction was achieved by using 200 ng.mL-1 norepinephrine. 

Controls were run by adding 5 Itl of 10 mM Na acetate without C. lectularius salivary 

glands to the aortic ring. 

Simultaneous Chromatography-Bioassay system. 

HPLC bioassays of rabbit aortic strips were performed as shown in Fig. 2. 

Briefly, an HPLC CM400 pump from Thermo Separation Products (Riviera Beach, 

Florida) containing solution I (148 mM NaCl, 6.6 mM KC1, 2.8 mM CaCI2, 1.3 mM 

MgCI2, 11.1 mM sodium acetate pH 5.0 and 1.1 g.1-1 glucose) with a flow rate of 1 

mL.min-1 was connected to a TSK gel G2000 SW column (C) (7.5mm x 60 cm), 

obtained from Supelco, Inc. (Bellefonte, Pennsylvania), and directed to a SM4100 

dual-wavelength detector, obtained from Thermo Separation Products (Riviera Beach, 

Florida). The signal from the detector was collected by a 80286 microcomputer with 

math coprocessor, and the absorbance was recorded with a custom-made program 
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written in QuickBasic (Microsoft, Redmond, Washington). The detector solvent 

outlet was directed to the first inlet of a three-way connector. A second HPLC pump 

containing solution II (l00 mM Hepes of pH 7.7 with 6 mM Na2HP04, 6 mM 

NaH2HP04 and 2 ",g.mL-1 norepinephrine) with flow rate of 0.1 mL.min-1 was 

directly connected to the second inlet of the three-way connector. The outlet of the 

three-way connector sent the mixture of solution A and B directly to the aortic strip. 

Tension measurements were carried out by using an isometric force transducer 

(Harvard Apparatus, Edenbridge, Kentucky) whose signal was collected by a 16-bit 

autoranging analog/digital converter obtained from Cole-Parmer (Niles, Illinois) and 

then analyzed by a 80286-based microcomputer with a math-coprocessor using a 

custom-made program written in QuickBasic. Salivary gland homogenates were 

injected into the TSK gel column and separated isocratically using solution A as 

described above. The HPLC elution time and vasodilatory activity time were 

calibrated against salivary gland homogenate representing 0.1 of a pair of glands of R. 

prolixus, a well-characterized vasodilator (Ribeiro et al. 1990). 

Spectroscopic analysis of C. lectularius salivary glands. 

Optical spectroscopy assays were performed using a quartz micro-cuvette (Starna 

Cells, Atascadero, California) with a Perkin-Elmer Lambda 19 UV/Vis 

spectrophotometer (Norwalk, Connecticut). Salivary gland homogenates were 

prepared immediately before the optical measurements. The volume equivalent to 

three pairs of salivary glands (in 10 mM sodium acetate at pH 5.0 with 150 mM 

NaCI) was diluted in 50 ",L of one of two buffer solutions (PBS, pH 7.0, or sodium 

acetate + NaCI, pH 5.0) and the spectrum was recorded between 250 nm and 700 

nm. Different time points were measured for each sample and the data were analyzed 
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Fig. 2. Simultaneous HPLC-aortic strip bioassay. The HPLC pump (P) delivered 

solution I at 1 mL.min-1 (A) was connected to a TSK gel column (C) and the column 

was connected to a dual-wavelength detector (D) set at 280 nm and 438 nm with the 

exit directed to a three-way connector (Y). The HPLC pump delivering solution II 

(B) was directly and simultaneously connected to the three way connector (Y). The 

outlet of the three-way connector directed the mixture of A and B to the aortic strip 

(AO). HPLC eluent readings and aortic tension measurements were simultaneously 

collected using two different recording devices (R). 
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using Lotus 123 software (Cambridge, Massachusetts). 

Carbon monoxide binding assays. 

For carbon monoxide binding experiments, the salivary gland homogenate from 

Cimex lectularius was exposed to argon, to remove any volatile ligand, until a total 

shift in the Soret band from 438 nm to 388 nm was observed. Exposures to argon for 

longer than 1 h failed to change the spectrum any further. The Soret band is a well 

defined spectral property of hemoproteins; the absorption maximum of this band 

ranges from 375 to 450 nm (Antonini and Brunori, 1971). In addition to being a 

characteristic property of hemoproteins, the changes in the absorption intensity and the 

wavelength of the maximum absorbance of the Soret band also provide information 

about the hemoprotein-ligand interactions. For example, in the presence of argon, a 

shift from higher wavelength to a lower wavelength indicates dissociation of a volatile 

ligand from a hemoprotein containing Fe3 + in its heme moiety (Romberg and 

Kassner, 1979). After exposure to argon, the salivary gland homogenate was reacted 

with dithionite (0.1 mM), to reduce the heme iron, and exposed to carbon monoxide 

for 10 min. Optical measurements were again performed. 

Nitric oxide binding assays. 

For nitric oxide binding, the salivary gland homogenate at pH 7.0 was exposed to 

argon for 1 h or until a shift in the Soret band from 438 nm to 388 nm was detected 

spectrophotometrically. Citrate buffer (100 mM) at pH 5.0 was then added in small 

amounts to the homogenate until pH 5.0 was reached. This solution (50 p.L) 

(requiring three pairs of salivary glands) was then transferred to a 50 p.L cuvette 
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previously exposed to argon and exposed to argon for a further 2 h. To this solution, 

0.2 p.L of a saturated solution of nitric oxide (10 mL of water exposed to argon for 1 

h then to nitric oxide for 2 min) was added using a 10 p.L Hamilton syringe, and the 

spectrum was measured immediately after the addition of NO. 

Nitrite measurements in Cimex salivary glands. 

Determination of reactive nitrogen groups (N02-) was carried out using the 

Griess reaction, as previously described (Bell et aZ. 1963; Ignarro et aZ. 1987) but 

with further modifications. Briefly, 8 p.L of 40% trichloroacetic acid (v/v) and 5 p.L 

of sulfanilic acid (2 mg.mL-l) were added to 42 p.L of sample containing 10 pairs of 

salivary glands in phosphate-buffered saline. The tube was vortexed, kept on ice for 

10 min and centrifuged at 10,000 g for 1 minute. To 50 p.L of the clear supernatant 

was added 9.4 p.L of N-(l-naphthyl)-ethylenediamine (NED, Img.mL-l), and the 

spectrum of the samples was measured after 10 min at room temperature (25 OC). 

Nitrite concentration was determined from the absorbance at 550 nm minus the 

absorbance at 625 nm. Controls lacking the salivary homogenate or NED showed no 

absorbance at 550 nm. 

Electron paramagnetic resonance spectrocopic studies of Cimex lectularius salivary 

glands. 

For electron paramagnetic resonance assays (EPR), a salivary gland homogenate 

of Cimex ZectuZarius (100 pairs in 20 p.L 10 mM Na acetate pH 5.0 + 150 mM NaCI) 

was diluted in PBS pH 7.0 in the presence or absence of dithionite. The solution was 

then transferred to an EPR quartz tube previously exposed to argon, and stored at -
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750 C before analysis. Measurements were performed on a Bruker ESP-300E X-band 

spectrometer equipped with a helium cryostat (Oxford Instruments). Power 

attenuation was 15 dB; temperature 4.2 OK; modulation frequency 93 kHz; 

modulation amplitude 2.85 G; receiver gain lx105, resolution 1,024 points; time 

constant 164 ms; and sweep width 1700 G. 

Purification of C. lectularius nitric oxide carrying hemoprotein (nitrophorin). 

Salivary glands from C. lectularius (200 pairs) were dissected and stored in PBS 

(10 mM phosphate pH 7.0 + 150 mM NaCl) at -700 C until needed. The homogenate 

was injected into an HPLC system consisting on a HPLC CM4100 pump from 

Thermo Separation Products (Riviera Beach, Florida) connected to a TSK-gel DEAE-

5PW column (7.5cm x 7.5mm) obtained from Supelco Inc (Bellefonte, Pennsylvania) 

and directed to a SM4100 dual wavelength detector from Thermo Separation Products 

(Riviera Beach, Florida). The signal from the detector was collected by a 80286 

microcomputer with math coprocessor, and the absorbance recorded with a home 

made program written in QuickBasic (Microsoft, Redmond, Washington). Proteins 

were eluted by one step gradient from 0 to 0.5 M NaCl/ 20 mM Tris pH 8.0 at 0.5 

mL/min in 30 minutes. Fractions were collected every minute and stored at -700 C 

until needed. 

Heme protein fractions were further purified (to remove the salt) by HPLC 

reverse phase chromatography using the same HPLC system as described above, 

except that the detector was an SM4100 dual wavelength detector set at 220 nm, 

(Thermo Separation products) and the column was a PRP-oo column (Hamilton). The 

gradient was from 20 to 60% acetonitrile/ 0.1 % trifluoroacetic acid in 60 minutes 
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with a flow rate of O.5mL/min. Fractions were collected in siliconized tubes every 

minute and stored at -700C until needed. 

Determination of molecular weight of Cimex nitrophorin (NO-carrying protein). 

Molecular weight of nitrophorin was estimated by polyacrylamide gel 

electrophoresis, using the PHAST system from Pharmacia (Uppsala, Sweden). 

Briefly, purified protein or salivary gland homogenate was freeze dried in the 

presence of2.5 % SDS , 10 mM Tris pH 8.0 and 1 mM EDTA, in a Speed Vac from 

Savant Instruments (Farmingdale, N. Y.). The dried sample was reconstituted in 4 p.L 

of deionized water and heated at 100 0C for 5 minutes. To this sample 0.01 % of 

bromophenol blue was added and the mixture added to an PHAST applicator 

(pharmacia) designed to hold 4 p.L of sample. The applicator was positioned in the 

PHAST system and the sample applied to a 8-25% SDS minigel (pharmacia). Protein 

separation and staining (Coommasie blue or silver) were done following manufacturer 

specifications (8-25 % SDS program for separation and COOM-SDS program for 

staining). Protein molecular weight standards used were: ovalbumin, carbonic 

anhydrase, myoglobin and cytochrome c from Sigma (St. Louis, M.O.). 

Matrix-assisted laser desorption mass spectroscopy (MALD-MS), amino acid 

analysis, tryptic digestion and partial protein sequence of the purified protein were 

done at Harvard microchemistry facility under the direction of William Lane 

(Cambridge, MA). 
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PCR primers design and PCR amplification. 

Two pep tides from tryptic digests of the purified protein were chosen to create 

sense and anti-sense degenerate DNA primers. The primers were made from the 

sequences DPSDFLFWI and GWTEPQVTFK. 

mRNA from salivary glands of Cimex was isolated using the microfast mRNA 

isolation kit (Invitrogen). The mRNA was then reverse-transcribed to cDNA using the 

Superscript II RNase H- reverse transcriptase (Gibco BRL) and using the primer 5'

GGGGAGGCTCGAGTITITITITITITITI'-3' following manufacturer protocol 

with the exception that no radioactive nucleotides were used for the reaction. The 

cDNA obtained was used as a template for a PCR amplification with the combination 

of the primers generated from the peptides sequences described above. The reaction 

mixture consisted of 25 p.L of 2x PCR Buffer (2.5 mM MgCI2, 50 mM KCI, 10 mM 

Tris pH 8.3, 0.01 % gelatin and 0.2 mM of dATP,dTTP,dGTP and dCTP), .5 p.L of 

PCR clone (340 ng/p.L), 2 p.L of the primer 5'-TT(A/G)AAInGTInAC(T/C) 

TGInGG(C /G)TC(A/G/T/C)GTCC-3' (50 ng/ p.L) (In, inosine), and 2 p.L of the 

primer 5 '-GA(T/C)CCInAG(T/C)GA(T/C)TT(T/C)CT(A/G/T/C)TT(T/C)TGG-3 , (50 

ng/ p.L). PCR conditions were the following: 1 cycle of 750 C for 5 minutes (during 

this cycle, 1.2 U Ampli-Taq polymerase (GibcoBRL) was added to the reaction 

mixture), 25 cycles of 1 minute at 940 C, 1 minute at 550 C and 1.5 minutes at 720 C, 

and finally 1 cycle of 5 minutes at 720 C. PCR products were separated and detected 

on 1.0 % agarose gel with 5 p.g of ethidium bromide in TAE buffer. The gel was run 

at 100 V for 30 to 40 minutes. PCR product was gel purified using the Sephaglas 

BandPrep Kit (Pharmacia). After purification the PCR product was immediately 

cloned onto a PCRII vector using the TA cloning system (Invitrogen). Competent 
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cells were then transformed following manufacturer protocol (T A cloning instruction 

manual, K2000-01). White colonies were isolated and grown overnight in LB broth 

plus ampicillin (100 J.'g/mL) at 37oC. Plasmid isolation of the cultured cells was 

achieved using the Wizard miniprep Kit. The remaining culture containing the clone 

of interest was frozen in 50 % glycerol at -70oC. 

DNA sequence of the Cimex nitrophorin partial PCR clone. 

PCRII plasmid containing the partial nitrophorin clone was sent for DNA 

cyclosequence at the University of Georgia. The clone was sequenced using the 

primers SP6 and T7, since these sites were flanking the PCR clone. 

Construction of the non-radioactive PCR screening probe. 

The PCR probe for screening the cDNA library was constructed using a similar 

protocol to the one described for the PCR amplification of the partial Cimex 

nitrophorin. Briefly, the PCR reaction mixture consisted of 50 J.'L 2X PCR buffer, 

9.5 J.'L of DNA labeling mixture (1 mM dATP,dCTP and dGTP, .65 mM dTTP and 

.35 mM digoxigenin-dUTP, pH 6.5), 1 p.L 10 mM dTTP, 1 J.'L dATP,dCTP and 

dGTP, 3 J.'L of the primer 5'-TT(A/G)AAlnGTlnAC(T/C)TGlnGG(C/G) 

TC(A/G/T/C) GTCC-3'(50 nglJ.'L) , 3 J.'L of the primer 5'-GA(T/C)CClnAG(T/C) 

GA(T/C)TT (T/C)CT(A/G/T/C) TT (TIC) TGG-3' (50 ngl J.'L), 1 p.L of the Cimex 

nitrophorin partial PCR clone and 30.5 J.'L H20. The PCR conditions were the same 

as the one described for the Cimex nitrophorin PCR amplification (see above). 
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Cimex lectularius salivary glands cDNA library construction. 

mRNA was isolated from 500 pairs of salivary glands using the mRNA isolation 

kit (Stratagene) yielding a total of 2.8 p.g poly(A)+mRNA. A cDNA library was 

made following the specifications from the ZAP-cDNA synthesis kit, instruction 

manual for lot HUC123 (Stratagene). The library is a unidirectional library with the 

advantage of the in vivo excision of the pBluescript phagemid containing the clone of 

interest. In addition, the constructed cDNA strands have the EcoRI (5') and XhoI (3') 

restriction sites which are inserted into the respective EcoRI and XhoI sites of the Uni

ZAP XR vector. 

cDNA library screening for the Cimex nitrophorin clone using the DIG-labelled PCR 

probe. 

The Cimex salivary gland cDNA library was diluted to give a 20,000 plaque 

forming units (pFU)/mL and mixed with 600 ul XLI-Blue MRF- cells, the mixture 

was incubated for 15 minutes at 370 C and then mixed with 6.5 mL of top agar. The 

mixture was poured onto a 150 mm Luria broth agar plate. The plates were incubated 

at 370 C for 8 hours. 

Phage plaques were transfered to a filter and hybridized with the DIG-labelled 

PCR probe using the plaque hybridization protocol of the Genius system from 

Boehringer Mannheim (Indianapolis, IN). Briefly, plates were incubated at 40 C for 1 

hour. To the cold plates, Hy-bond membrane disks (Amerhsam) were placed at the 

top of the agar and removed after one minute. The membrane was then transferred to 

a denaturing solution (0.5 N NaOH, 1.5 M NaCI) for 5 minutes, then transferred to a 
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blotting paper for 5 minutes and to a neutralization solution (1.0 M Tris-HCI, pH 8.0; 

1.5 M NaCI) for 5 minutes. The membrane was finally transferred to a blotting paper 

and the DNA was crosslinked to the membrane using the UV stratalinker 1800 from 

Stratagene (La Jolla, CA). 

The crosslinked membrane was then transferred to a 30 mL prehybridization 

solution (5X SSC, 1.0% (w/v), blocking reagent for nucleic acid hybridization, 0.1 % 

N-Iauroylsarcosine, 0.02 % sodium dodecyl sulfate) and incubated at 650 C for 2 

hours. The membranes were then transferred to a hybridization solution (90 J.tL DIG

labelled partial PCR nitrophorin clone (2.5 ng/ J.tL) diluted in 30 mL prehybridization 

solution and heated to 950 C for 10 minutes to denature DNA) and incubated 

overnight at 650 C with slow shaking. After incubation, membranes were washed 

twice for 5 minutes in 2X SSC containing 0.1 % SDS and twice for 15 minutes in 

0.5X SSC containing 0.1 % SDS. 

After post-hybridization washes, membranes were transferred to a Genius buffer 

1 (100 mM Tris-HCI, 150 mM NaCI; pH 7.5) for 1 minute. The membrane was then 

transfered to a Genius buffer 2 (2 % (w/v) blocking reagent for nucleic acid 

hybridization dissolved in Genius buffer 1) for 30 minutes. The membranes were then 

transferred to an anti-DIG solution (6 J.tL anti-digoxigenin [FAB] conjugated to 

alkaline phosphatase in 30 mL Genius buffer 2) and incubated at room temperature for 

30 minutes with slow shaking. The membranes were then washed twice, 15 minutes 

per wash, in 100 mL Genius buffer 1. After the washes, the membranes were 

transfered to a 20 mL of Genius buffer 3 (100 mM Tris-HCI, 100 mM NaCI, 50 mM 

MgCI2; pH 9.5) and equilibrated for 2 minutes. To this solution 10 mL of color 

substrate solution (45 J.tL of 75 mg/mL nitroblue tetrazolium salt in 70 % (v/v) 
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dimethylformamide and 35 p.L of 50 mg/mL 5-bromo-4-chloro-3-indolyl phosphate, 

toluidinium salt in 100 % dimethylformamide) was added and the membranes in the 

solution stored at room temperature in the dark. After the detection of the hybridized 

phages, the membranes were washed with 50 mL of Genius buffer 1 for 5 minutes and 

final1 y stored in deionized water. 

In vivo excision of the pBluescript phagemid containing the nitrophorin clone from 

Uni-ZAP vector. 

Cimex cDNA library phage plaques which matched dark (hybridized) spots in the 

Hy-bond membranes were transfered into a sterile microfuge tube containing 500 p.L 

of SM buffer and 20 p.L chloroform. The tube was vortexed and kept overnight at 

4oC. 

Phage stock (250 p.L) was mixed with 200 p.L XLI-Blue MRF- cells 

(O.D.600= 1.0) and 1 p.L of ExAssist helper phage and incubated at 370C for 15 

minutes. To this mixture 3 mL of LB media was added and incubated for 2 hours at 

370 C with shaking. After the incubation cells were centrifuged at 2,000 x g for 15 

minutes. The supernatant was heated at 700 C for 15 minutes and then centrifuged at 

4,000 x g for 15 minutes. The supernatant containing the excised phagemid 

pBluescript was then transferred to an sterile tube. 

Excised phagemid (100 p.L) was mixed with 200 p.L of SOLR cells 

(O.D.600=1.0) and incubated at 370 C for 15 minutes. After incubation, 10 p.L of 

the mixture were spreaded to an LB/ampicillin plate and incubated overnight at 37oC. 

Isolated colonies were incubated in 5 mL LB/amplicillin culture at 370 C for 8 hours. 
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Plasmid isolation of the cultured cells was achieved using the Wizard miniprep Kit 

(Promega). The remaining culture containing the clone of interest was frozen in 50 % 

glycerol at -700 C. The cDNA clone of interest was isolated from the pBluescript 

plasmid using the XhoI and EcoR! restriction enzymes and the size determined on 1.0 

% agarose gel with 5 p.g of ethidium bromide in TAE buffer. The gel was run at 100 

V for 30 to 40 minutes. 

DNA sequence of the isolated clone. 

Both strands of the nitrophorin clone were sequenced at the macromolecular 

facility at The University of Arizona with an ABI model 373 cyclosequencer. Initial 

sequences were obtained using the T7 and T3 primers and then by custom primers 

constructed from the internal sequence of the nitrophorin clone. 
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IV. RESULTS 

CHARACTERIZATION OF THE SALIVARY APYRASE FROM THE 

SALIVARY GLANDS OF CIMEX LECTULARlUS 

Apyrase activity from salivary glands of Cimex lectularius. 

When Cimex salivary gland homogenate (equivalent to 0.02 pairs) was added to a 

mixture containing either ATP, ADP or AMP in the presence of Tris buffer pH 9.0, 5 

mM CaCI2, and incubated at 370 C over time, orthophosphate release was observed 

only in the presence of A TP and ADP but not when AMP was used as a substrate (Fig 

3). The specific activity (units/mg protein) of the enzyme found in the homogenate 

was similar for ADP (55 ± 3 units/mg protein, mean ± S.E.M. n=3) and ATP (46 

± 2 units/mg protein, mean + S.E.M. n=3), one unit of apyrase activity being the 

amount of ",moles of Pi released per minute. The amount of total protein from one 

pair of Cimex salivary gland was 3.4 + .09 ",g (mean ± S.E.M. n=4). Because the 

homogenate cleaved ATP and ADP but not AMP, it was concluded that the 

homogenate contained apyrase activity. 

Cation dependence of Cimex lectularius apyrase. 

Apyrase activity (measured as phosphate released from both ATP and ADP) from 

Cimex salivary gland homogenate was tested in the presence of 10 mM of either 

Ca2+, Mg2+, Mn2+ or Zn2+, resulting in the activation of the enzyme only in the 

presence of Ca2+ (Fig 3). The activation by 10 mM calcium was very similar when 

either ADP or ATP were used as a substrate (Fig. 4). No activity was observed with 
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Fig. 3. Apyrase activity from salivary glands of Cimex lectularius. The salivary gland 

homogenate (1/50 of a pair) was incubated at 370 C in the presence of 50 mM Tris pH 

8.3, 150 mM NaCI and 5 mM CaCl2 was reacted with either ATP (filled circles), 

ADP (open circles) or AMP (triangles) and incubated at 370 C over time and the 

amount of phosphate released was measured as described in the methods section. 

Results are the mean ± S.E.M., n=3. 
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Fig. 4. Effect of divalent cations on Cimex apyrase activity. The salivary gland 

homogenate (1/50 of a pair) was tested for apyrase activity (as described in methods) 

in the presence of 10 mM of either Ca2+, Mg2+, Zn2+ or Mn2+. Apyrase activity 

was measured in the presence of ADP (empty bar) or ATP (filled bar). Results are the 

mean + S.E.M., n=3. 
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any of the divalent cations in the presence of AMP (not shown). 

When different concentrations of calcium were tested for optimal apyrase 

activity, it was found that concentrations of 5 mM Ca2+ (Fig. 5) were in the range 

for optimal apyrase activity when ATP and ADP were used as a substrate. We 

therefore used this concentration for the remaining of the experiments. 

pH dependency of Cimex lectularius apyrase. 

Apyrase activity from salivary gland homogenate in the presence of 5 mM Ca2 + 

was tested at different pHs using ATP, ADP or AMP as a substrate. The optimal 

activity was at pH 8.5 for both ATP (144.5 + 6 nmol Pi/min. pair salivary gland) and 

ADP (175 + 9 nmol Pi/min. pair SG), no activity was observed when AMP was used 

as a substrate (Fig. 6). 

Parallelism tests of apyrase activity from Cimex lectularius salivary homogenate 

Because the apyrase activity observed in the Cimex lectularius salivary 

homogenate could be derived from the independent activities of more than one 

enzyme and not from a true apyrase enzyme, the homogenate was submited to a series 

of independent treatments and observed whether the behavior of the apyrase activity in 

the presence of ATP would differ from the the activity in the presence of ADP 

(suggesting more than one enzyme) or whether both activities would behave in the 

same way (suggesting a single enzyme responsible for hydrolysis of both ATP and 

ADP). 
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Fig. 5. Effect of increasing concentrations of Ca2+ on the apyrase activity of Cimex 

lectularius. Salivary gland homogenate (1150 of a pair) was incubated with 50 mM 

Tris pH 9.0, 150 mM NaCI and increasing concentrations of Ca2+ using as a 

substrate ATP (top) or ADP (bottom). Results are the mean + S.E.M., n=3). 
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Fig. 6. Effect of pH on Cimex lectularius apyrase activity. Salivary gland homogenate 

(1/50 of a pair) was incubated with 5 mM Ca2 +, 150 mM NaCI, and 20 mM of a 

polybuffer (see methods) at either pH of 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 

9.5 and 10.0, with ATP (open circle), ADP (filled circle) or AMP (triangle) and the 

mixture incubated for 10 min at 370 C and the phosphate released measured as 

described in methods. Results are the mean + S.E.M., n=3. 
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Thermal inactivation of Cimex lectularius apyrase. 

Apyrase activity from Cimex salivary gland homogenate was measured after the 

homogenate was exposed to different temperatures for 5 min (Fig. 7). Both activities, 

ATPase and ADPase, behaved similarly at the different temperature treatments (Fig. 

6). Activity for ATPase (129 ± 29 nmol Pi/min.pair SG, S.E.M. n=3) and for 

ADPase (145 ± 15 mmol Pi/min.pair SG, S.E.M. n=3 ) decreased after the 

homogenate was heated at temperatures higher than 450 C. Both activities, reached 

their maximum decrease at 600 C (12 + 6 nmol pi/min.pair SG, S.E.M. n=3 for 

ATP and 13 + 6 nmol Pi/min.pair SG, S.E.M. n=3 for ADP) as compared to 

control reactions at room temperature (197 ± 31 nmol Pi/min.pair SG, S.E.M. n=3 

for ATP and 208 + 28 nmol Pi/min.pair SG, S.E.M. n=3 for ADP). 

Chromatographic behavior of Cimex apyrase activity in a molecular sieving HPLC. 

A salivary gland homogenate (200 pairs) was separated by a molecular sieving 

column and the largest apyrase activity peak (4.7 nmol/min.aliquot) co-eluted with an 

apparent molecular mass of 79,600 (Fig. 8A). Additionally, apyrase activity (1.1 

nmol/min.aliquot) also co-eluted with an apparent molecular mass of 21,500 (Fig. 

8A). Hydrolytic activities for both ATP and ADP as substrates co-eluted in the same 

fractions (Fig. 8A). 

Chromatographic behavior of Cimex apyrase activity in a DEAE HPLC. 

Salivary gland homogenate (90 pairs) was separated by a DEAE column and the 

fractions tested for activities in the presence of ATP or ADP. Hydrolytic activities 
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Fig. 7. Effect of temperature exposure of salivary gland homogenate on Cimex 

lectularius apyrase activity. Salivary gland homogenate (1150 of a pair) was incubated 

for 5 min at either 25, 40, 45, 50, 55 or 600C and then tested for apyrase activity (see 

methods) in the presence of ATP (open circles) or ADP (filled circles). Results are the 

mean ± S.E.M., n=3. 
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Fig. 8. Molecular sieving (A) and DEAE (B) chromatography of salivary gland 

homogenate of Cimex lectularius. Salivary gland homogenate was injected into a TSK 

gel column (A) or DEAE column (B) and the eluted fractions (10 p.L aliquot) were 

tested for apyrase activity in the presence of ATP (filled circle) or ADP (open circle). 

Solid lines represent the chromatogram detected at 280 nm. Relative molecular mass 

for molecular sieving chromatography was estimated using a standard curve with fi

amylase (B-AMY), bovine serum albumin (BSA) , carbonic anhydrase (CA) , 

myoglobin (MYO), cytochrome c (CYT) and aprotinin (APR) shown in the inset in 

the top figure. 
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for both substrates co-eluted in the same fractions at 18 and 21 minutes (Fig 8 B). 

Behavior of Cimex apyrase activity in an isolectric focusing gel. 

Salivary homogenate (0.04 salivary gland pairs) was applied to an isolectric 

focusing gel. After protein separation, half of the gel containing the IEF markers 

(Fig. 9, lane 1) and Cimex salivary homogenate (Fig. 9, lane 2) were silver stained. 

The other half of the gel was tested for apyrase activity in the presence of ATP (Fig 

9, lane 4), ADP (Fig 9, lane 5) and AMP (Fig 9, lane 6). Hydrolytic activities for 

both substrates, ATP and ADP, were detected in the same two protein bands with an 

approximate P.I. of 5.1 (Fig 9, lanes 2,4 and 5). 

Antiplatelet activity from salivary glands of Cimex lectularius. 

Because apyrase activity inhibits platelet aggregation, we tested the effect of 

Cimex salivary gland homogenate on platelet aggregation. 

When platelet-rich plasma was reacted with 5 p.M of ADP, platelet aggregation 

was.observed as measured by increase in light transmission (Fig. 10, Control). In the 

presence of increasing concentrations of Cimex lectularius salivary gland homogenate, 

the aggregation of platelet induced by ADP was inhibited (Fig. 10, Native). One pair 

of salivary gland was sufficient to completely inhibit the aggregation of the platelets in 

our assay conditions. 

Inhibition of platelet aggregation was also observed by salivary gland 

homogenate that was exposed to argon before the assay (Fig. 10, Argon). The 

rationale for exposing the salivary homogenate to argon was to remove the gas nitric 
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Fig. 9. Apyrase activity of proteins from Cimex salivary gland homogenate separated 

by isoelectric focusing. Lane 1 shows isoelectrofocusing markers, from anode (+) to 

cathode (-), amyloglucosidase, soybean trypsin inhibitor, B-Iactoglobulin, carbonic 

anhydrase and myoglobin. Salivary gland homogenate (0.04 pairs) was silver stained 

(Lane 2) or reacted with ATP (lane 4), ADP (lane 5) or AMP (lane 6). 
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Fig. 10. Inhibition of platelet aggregation by salivary gland homogenate of Cimex 

lectularius. Platelet rich plasma (100 JA.L) were incubated with 5 uM ADP in the 

absence (control) or presence of .063, .25 or 1 pair of salivary gland homogenate 

(Native) or salivary glands previously exposed to argon (argon). The arrow points the 

addition of ADP to the cuvette. The aggregation was monitored in a platelet 

aggregometer (S iemco). 
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oxide, known to inhibit platelet aggregation, and reported to be present in the salivary 

glands of Cimex lectularius (Valenzuela et al. 1995). Therefore, these data suggest 

that the inhibitor of platelet aggregation is a component different than nitric oxide. 

DISCUSSION 

Cimex lectularius contains apyrase activity with the same specific activity for 

both substrates ADP and ATP, and does not cleave AMP. The activity requires the 

presence of Ca2 + and is not activated by Mg2 +, Zn2 + or Mn2 + . The optimal 

activity is at pH 8.5 for both ADP and ATP. However, in this pH, the activity for 

ADP is slightly higher than for ATP. At pH 9.0 activities for both ADP and ATP are 

not different. The specific activity of Cimex apyrase is about 10 fold higher than that 

reported for R. prolixus of 5 units/mg protein and similar to that reported for the sand 

flies Lutzomyia longipalpis (40 units/mg protein) and Phlebotomus papatsi (55 

units/mg protein) (Ribeiro et al. 1991). 

Our combined results of pH and cation dependence assays from salivary gland 

homogenate, as well as parallel behavior as a function of thermal inactivation, and a 

parallel behavior of both ATPase and ADPase activities in a molecular sieving 

chromatography column, DEAE column and isoelectric focusing gel, are interpreted 

to indicate that the observed apyrase activity was derived from a true apyrase and not 

a combination of different enzymes. Additionally, our data do not exclude the 

possibility of two molecular forms of apyrase from the salivary gland of Cimex 

lectularius, as indicated by chromatography experiments. Different molecular forms 

of apyrase (potato) have been previously described (Traverso-Cori et al. 1970). 
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The apparent molecular mass for both ATPase and ADPase activities was 79,600 

as determined by HPLC molecular sieving chromatography, a value close to other 

reported apyrases. However, apyrase activity was also detected with an apparent 

molecular mass of 21,500, which suggested the presence of another apyrase with 

lower molecular mass or that the larger mass may be an aggregate of units with a 

smaller mass. No apyrase with this apparent molecular mass has been reported. 

Cimex lectularius salivary gland homogenate inhibited platelet aggregation. 

Because the inhibitory component was shown not to be nitric oxide, a known platelet 

aggregation inhibitor, it is suggested that salivary apyrase activity could be 

contributing to this effect. Further exploration of the relationship between the two 

forms of apyrase will bring more insights for the evolution of the enzyme in blood 

sucking insects and for comparative studies with mammalian apyrases. Further 

purification of Cimex apyrase will allow conclusive tests for its role in inhibiting 

platelet aggregation. 
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CHARACTERIZATION OF AN ANTICOAGULANT FROM THE SALIVARY 

GLANDS OF CIMEX LECTULARIUS 

Anticlotting activity of Cimex salivary glands 

When clotting activity of normal human plasma was tested in the presence of 

salivary gland homogenate of Cimex lectularius, a delay in the recalcification time 

was observed, indicating the presence of an anticoagulant. One pair of salivary glands 

of Cimex lectularius doubled the clotting time of normal human plasma in our assay 

conditions (Fig. 11). For the purpose of this work, one unit of anticlotting activity 

was defined as the amount of the component that doubles the clotting time in our 

assay conditions. 

Inhibition of thromboplastin time by salivary glands of Cimex lectularius 

Since the recalcification time is the measure of the activity of the whole clotting 

cascade, experiments were designed to determine what part of the coagulation cascade 

the anticlotting was inhibiting. Therefore, the extrinsic and also the common 

coagulation pathway were tested by measuring thromboplastin time. This assay is 

based in the ability of thromboplastin or tissue factor and calcium to activate the 

extrinsic pathway, being the activity dependent mainly on tissue factor, Factor VII, 

Factor X, Factor V and thrombin. As shown in Fig. 12, Cimex lectularius salivary 

glands inhibited thromboplastin time as seen by the delayed time in clotting when 

Cimex salivary homogenate was present. The inhibition was not very potent, since 

three pairs of salivary gland were needed to double the clotting time of normal 
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Fig. 11. Anticlotting activity of Cimex lectularius salivary glands. Citrated normal 

human plasma was pre-warmed at 370 C in the absence and presence of increasing 

amount of salivary gland homogenate; after addition of 25 mM CaC12 and monitored 

at 370 C on a microtiter plate at 650 nm and the clotting formation recorded. Results 

are the mean + S.E.M., n=4). 
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Fig. 12. Effect of Cimex lectularius salivary glands on thromboplastin time. 

Thromboplastin time assays were done as described in methods section in the absence 

and presence of 1 and 3 pairs of salivary glands. Results represent the mean + 

S.E.M, n=3). 
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plasma induced by tissue factor and calcium (Fig. 12). The apparently lower 

efficiency for inhibition (one unit= 3 pairs of glands) seems to be due to the more 

efficient clotting observed with the extrinsic pathway. 

These data suggest that the anticlotting is inhibiting either factor VII, factor X, 

factor V or thrombin. 

Inhibition of thrombin activity by salivary glands of Cimex lectularius 

Since the Cimex clotting inhibitor seems to be associated with factors of the 

extrinsic or the common pathway, we tested the ability of thrombin to cleave a 

chromogenic substrate in the absence and presence of Cimex salivary glands. Fig. 13 

shows the inhibition of thrombin activity by approximately 70% by one pair of 

salivary glands. These data suggest that Cimex lectularius anti-clotting is an inhibitor 

of thrombin activity. 

In order to test if Cimex anti-thrombin is responsible for the delay in the 

recalcification time, a molecular sieving column eluate was used in an attempt to 

fractionate both the anti-thrombin and the anti-clotting activity (Fig 14). For this, 

salivary gland homogenate was injected onto an HPLC system which consisted of an 

HPLC pump (Thermo Separation Products) connected to a molecular sieving column 

(TSK-Gel, Supelco). Running buffer was sodium acetate (10 mM) pH 5.0 + NaCI 

(150 mM) with a flow rate of 1.0 mL/min. Samples were detected at 280 nm and the 

eluted fractions were collected every 0.4 min. The eluted fractions were neutralized 

with 0.1 M Hepes pH 7.4 and tested for recalcification time of normal plasma and for 

anti-thrombin activity. 
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The anti-thrombin activity (amidolytic activity) was found in the fraction with an 

apparent molecular mass of 79,600 (Fig. 14B), while the anticlotting activity 

(recalcification time) was found in the fraction with an apparent molecular mass of 

17,000 (Fig. 14C). The results were reproduced in two additional TSK-gel column 

chromatography trials. These results suggest that the anti-thrombin (amidolytic 

activity) component from Cimex salivary glands seems not to be responsible for the 

delay in recalcification time of citrated plasma in the presence of Cimex salivary 

homogenate. However, the anti-thrombin may be affecting thrombin in other aspects 

of the coagulation cascade not detected by our assays such as one of its effect in the 

feed back loop on the cascade or it may be affecting other hemostatic processes such 

as platelet aggregation. 

Further characterization of the activity retarding plasma recalcification time. 

To determine further the mode of action and the importance of Cimex anticlotting 

activities, the eluted fractions from a molecular sieving column of 300 salivary gland 

pairs of Cimex lectularius were tested for their effect on the activation of factor X in 

the presence of factor VIII, IX, phospholipids and calcium, the clotting time for factor 

VIII and IX deficient plasmas and the activity of factor Xa on hydrolyzing a synthetic 

substrate in the presence and absence of phospholipids. 

As seen in Fig. 15E, an inhibitor of factor X activation eluted with a molecular 

mass of 17,000 (Fig. 15 E). This is in the same position where the anti-clotting 

activity was observed (Fig 15 B), suggesting that the inhibitor of factor X activation is 

the major anti-clotting component from the salivary glands of Cimex lectularius. In 

addition, the delay in clotting time for factor VIII and factor IX deficient plasma 
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Fig. 13. Effect of Cimex lectularius salivary glands on thrombin amidolytic activity. 

The amidolytic activity of thrombin was measured at 405 nm in the absence and the 

presence of one and three pairs of Cimex salivary gland pairs. Results are the mean ± 
S.E.M., n=3. 
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Fig. 14. Molecular sieving chromatography of Cimex lectularius antithrombin and 

anticlotting activities. Salivary glands (200 pairs) chromatographed in a molecular 

sieving column and eluted fractions tested for antithrombin and for anticlotting 

activity. (A) represents the protein profile obtained at 280 nm. (B) represent the tested 

fractions for antithrombin activity and (C) for anticlotting activity. 
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Fig 15. Molecular sieving chomatography of 300 salivary gland pairs of Cimex 

lectularius. (A) chromatogram of the eluted proteins detected at 280 nm. Eluted 

fractions were tested for (B) anticlotting activity on normal human plasma, (C) 

anticlotting activity on factor VIII deficient plasma, (D) anticlotting activity on factor 

IX deficient plasma, (E) inhibition of factor X activation, (F) activation of factor Xa 

activity, and (G) inhibition of thrombin activity. 
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eluted with an apparent molecular mass of 17,000 indicating that the clotting inhibitor 

does not inhibit factor VIII or factor IX (Fig. 15 D,C). No inhibition of factor Xa 

activity in the presence of phospholipids and calcium was observed, however, when 

factor Xa activity was measured in the absence of phospholipids and calcium, an 

increase in the activity of factor Xa was observed in a fraction eluting with an 

apparent molecular mass of 17,000 (Fig 15 F), suggesting that a salivary component 

is probably combining with factor Xa in the absence of phospholipid and calcium. 

DISCUSSION 

Cimex lectularius salivary glands contain at least two inhibitors of the blood 

clotting cascade: an inhibitor of factor X activation with an apparent molecular mass 

of 17,000, and an antithrombin with an apparent molecular mass of 79,600. 

Regarding the main salivary inhibitory activity, the data obtained here exclude 

the inhibition of either factor VIII, IX or factor Xa, and suggest the inhibition of 

factor X activation, probably through the binding of the inhibitor to a regulatory or 

cleavage site of the factor X molecule. This represents the most parsimonious 

explanation for all the effects observed with the fractions eluting with an apparent 

molecular mass of 17,000. 

Factor X is a protein with an apparent molecular mass of 59,000, and is cleaved 

by factor VIla (extrinsic pathway) and by factor IXa (intrinsic pathway) at the Arg52-

Ile53 peptide bond, resulting in two polypeptide chains held together by disulfide 

bonds which is the active factor Xa (Ahmad et al. 1992). The activation of factor X 
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has been proposed to be formed in a complex between negatively charged 

phospholipids, with factor VIII, IX, IXa, where factor X interacts with factor VIII, 

IXa and phospholipids. In this complex, factor IXa activates factor X to Xa. Factor 

Xa leaves the complex and binds to membrane phospholipids where it activates 

prothrombin to thrombin (Ahmad et al. 1992). The requirement of phospholipids for 

factor Xa activity may explain our results of the increase in the activity of factor Xa 

by the factor X inhibitor in the absence of phospholipids. It may actually be possible 

that the inhibitor in these assay conditions binds to the site normally occupied by 

phospholipids. 

Regarding the thrombin inhibitor, our data suggest that this component is not the 

major inhibitor of the recalcification time of citrated plasma by Cimex salivary glands. 

This component may play a minor role in delaying the recalcification time of citrated 

plasma, because in the presence of factor IX deficient plasma, there was a minor delay 

of clotting time in the same position where the anti-thrombin activity was observed 

(Fig 14 D and G). This can be explained by the fact that in factor IX deficient 

plasma, a thrombin inhibitor will have a greater effect in the delay of the 

recalcification time of plasma, since both factor IXa and thrombin activate factor X to 

factor Xa, affecting therefore further production of thrombin and the delay in fibrin 

clot formation. 

Since thrombin is a multifunctional molecule involved not only in the formation 

of fibrin, but also in the regulation of factors of the coagulation cascade and in the 

aggregation of platelets, it is possible that Cimex anti-thrombin is affecting thrombin 

in other aspects of the clotting cascade not detected by our assays, or may be 

inhibiting other effects of thrombin such as the activation of platelet aggregation. 
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These possibilities remain to be tested. 

The presence of various anti-clotting components has also been observed in the 

black fly Simulium vittatum. This insect possesses in the salivary glands an anti-factor 

Xa (Jacobs et al. 1990), and an anti-thrombin and anti-factor V (Abebe, 1994). The 

presence of more than one anti-clotting factor in the salivary glands of blood sucking 

insects may be beneficial for the insect in order to block important reactions that can 

be linked to a common component, as in the case of thrombin which cleaves 

fibrinogen to fibrin and also activates other factors of the clotting cascade, and in the 

case of the activation of factor Xa which links the intrinsic and extrinsic pathways. 

Redundancy of the host's clotting cascade is fought with redundancy in the salivary 

pharmacological components of hematophagous arthropods. 

Purification and cloning of Cimex anti-thrombin and inhibitor of factor X 

activation will yield more insights for the role and mode of action of the anti-thrombin 

in the hemostatic process, and for the mode of action of the inhibitor of factor X 

activation, a good candidate for therapeutic use in certain cardiovascular diseases by 

itself or after molecular design of its fragments. 
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CHARACTERIZATION OF A VASODILATOR FROM THE SALIVARY 

GLANDS OF CIMEX LECTULARIUS 

Nitric oxide. a vasodilator from the salivary glands of Cimex lectularius. 

When a salivary gland homogenate from Cimex lectularius was added to the 

rabbit aortic ring preconstricted with 200 ng.mL-1 norepinephrine, a reversible 

vasodilation was observed (Fig. 16A). This vasodilation was endothelium-independent 

since the endothelium was removed from the aortic ring preparations before the 

bioassays. The vasodilatory effect was augmented when the aortic rings were pre

treated with superoxide dismutase (30 units.mL-1) (one unit of superoxide dismutase 

will inhibit the rate of reduction of cytochrome c by 50 % in a coupled system with 

xanthine oxidase at pH 7.8 at 250 C) (McCord and Fridovich, 1969) prior to the 

addition of the salivary glands (Fig. 16A). Adding salivary gland homogenate to an 

aortic ring in the presence of 50 JLM methylene blue resulted in no detectable 

vasodilation (Fig. 16B). These observations suggest that salivary gland homogenate 

contains a vasodilatory compound that behaves like nitric oxide or endothelium

derived relaxing factor (Ignarro et al. 1987). In addition, when a Griess reaction was 

performed on the salivary glands homogenate, it detected 337 + 57 pg N02-

equivalent per pair of salivary glands (mean ± S.E.M., n=3). 

Nitrophorin from salivary glands of Cimex lectularius. 

Spectrophotometric analysis of the salivary gland homogenate at pH 5.0 revealed 

an absorbance band with a maximum at 438 nm (Fig. 17). Changing the pH from 5.0 

to 7.0 resulted in a shift of the maximum from 438 nm to 388 nm with shoulder at 
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438 nm (Fig. 17), suggesting dissociation of a ligand at neutral pH. In addition, 

when the spectra were taken at different times (8 min intervals) after adjusting the 

solution pH to 7.0, we observed a time-dependent shift in the absorbance from 438 to 

388 nm, suggesting a relatively slow dissociation (0.356 s-l) of a ligand at pH 7.0 

(Fig. 17 A). Furthermore, the difference spectrum obtained by subtracting the 

spectrum from the homogenate at pH 5.0 minus the spectrum of the homogenate at pH 

7.0 resulted in a maximum of 388 nm and a minimum of 438 nm (Fig. 17B). 

Dissociation of the putative ligand over time (40 min) at pH 5.0 accounted for only a 

10% loss of the 438 nm shoulder observed at pH 7.0 (data not shown). 

To study further the dependency of the absorbance maximum on the pH of the 

medium, salivary gland homogenates were measured spectrophotometrically, at 

different pH values, immediately after adding the buffer to the salivary homogenate, 

and the ratio of absorbance at 388 nm to absorbance at 438 nm was plotted as a 

function of pH. The results showed a curve with a pKa of approximately 6.5 (Fig. 

18), suggesting the possible presence of histidine as the ionizable group. 

Because the absorption spectrum of the salivary gland homogenate is similar to 

that of an Fe(III) hemoprotein, where there is a shift of the Soret maximum from 

higher to lower wavelength when a ligand dissociates (Romberg and Kassner, 1979), 

we wanted to test for the presence of a hemoprotein in the salivary gland homogenate 

of Cimex lectularius. For this, the salivary homogenate at pH 7.0 was exposed to 

argon to remove volatile ligands, it was then reacted with dithionite in order to 

produce an Fe(II) heme species and finally reacted with carbon monoxide. When the 

salivary gland homogenate was reacted with dithionite, a shift in the spectrum from 

388 to 400 nm was observed (Fig. 19). In the presence of carbon monoxide the 
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Fig. 16.(A) Vasodilatory activity of salivary gland homogenate(SGH) from five pairs 

of glands of Cimex lectularius added to a rabbit aortic ring previously contracted with 

200 ng.mL-l norepinephrine in a 2.0 mL organ bath. SOD represents the addition of 

superoxide dismutase (30 units/mL) (one unit of superoxide dismutase will inhibit the 

rate of reduction of cytochrome c by 50% in a coupled system with xanthine oxidase 

at pH 7.8 at 250C) before the addition of the salivary gland. (B) The experimental 

trace marked MB represents salivary gland homogenate from five pairs of glands of 

Cimex lectularius in an aortic ring previously treated with 200 ng.mL-l 

norepinephrine and 50 JLM Methylene Blue. 
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Fig. 17. Absorption spectrum of salivary gland homogenate from three pairs of 

glands from Cimex lecrularius in the presence of sodium acetate (10 mM) + NaCl 

(150 mM), pH 5.0, or PBS, pH 7.0. Both spectra (at pH 5.0 and pH 7.0) were taken 

immediately after diluting the homogenate into the quartz cuvette. (A) Repetitive 

scans of the spectrum at pH 7.0 at different times (from 0 to 40 min, 8 min intervals). 

(B) Differential absorbance of the spectrum at pH 5.0 minus the spectrum at pH 7.0. 
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Fig. 18. pH-dependence of the fraction of the unligated form of the salivary 

hemoprotein from Cimex lectularius. The unligated heme fraction was measured as 

the ratio of the absorption minimum (388 nm) to the absorption maximum (438 nm) 

obtained from the difference spectrum of the individual normalized absorption spectra 

at different pH values at time zero minus the absorption spectrum at pH 5.0 at time 

zero. Points are representative of a single experiment. 



85 

0.3 
0.,. 

'" U 

~ OM 

15 1"\ ~ 0.00 

0.2 / \ ~ "'-w / \ ~ 
U i5 -0.10 

Z / \ l>O 

< WAVEl£NGTH (nm) 

CD / \ 0:: 
0 0.1 /' 
(/) /' 
CD ./ < -----

o.o+------+------+------+------~----~------~ 
350 375 400 425 450 475 500 

WAVELENGTH (nm) 

Fig. 19. Effect of CO on the light absorbance of the salivary gland homogenate from 

Cimex [ectularius exposed to argon for 1 h and then reacted with dithionite. The 

continuous line represents the spectrum of argon-treated homogenate treated with 

dithionite and the dashed line represents the spectrum of salivary homogenate 

hemoprotein loaded with CO. The inset represents the difference spectrum of 

homogenate exposed to argon then treated with dithionite minus the spectrum of 

homogenate exposed to argon, dithionite and CO. 
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maximum absorbance band shifted from 400 nm to 422 nm (Fig. 19, dashed line), 

indicating that the protein binds to carbon monoxide and behaves as a hemoprotein. 

Association between the vasodiIatory activity and the hemoprotein from the salivary 

gland of Cimex lectularius. 

In order to evaluate whether the vasodilatory activity was associated with the 

salivary hemoprotein, we ran 100 pairs of homogenized salivary glands in a molecular 

. sieving column eluted with 10 mM sodium acetate and 150 mM NaCI at pH 5.0, and 

tested each fraction in a rabbit aortic ring bioassay. No vasodilatory activity was 

found (results not shown). We interpreted this negative result which showed no 

detectable vasodilatory activity, to be due to the dilution effect produced by the 

restricted volume of the fraction sample that can be added to the chamber where the 

aortic ring is submerged. If the volume of the sample is too large, it can alter the 

dilution of norepinephrine and it can also increase the amount of salt in the solution. 

In addition, column fraction samples could be degraded between the time of elution 

and the time of testing, aliquots of individual fractions in the rabbit aortic ring 

bioassay. To eliminate the dilution effect and to preserve the vasodilatory activity of 

the homogenate, we set up a simultaneous assay in which we performed the column 

chromatography at pH 5.0 and the bioassay on-line immediately after neutralization of 

the column effluent. 

When salivary gland homogenate (from three pairs of glands) was separated by 

HPLC using a molecular sieving column (Fig. 20A) and the eluent was directly tested 

on a rabbit aortic strip, the eluent containing the most abundant hemoprotein (Fig 

20A, elution time 16.2 min) detected at 438 nm caused inhibition of vasoconstriction, 

of the rabbit aortic strip, induced by norepinephrine (Fig. 20B). A significant 
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Fig. 20. Vasodilatory activity of the eluent of three pairs of salivary gland from 

Cimex lectularius separated by HPLC-TSK gel column. Salivary gland homogenate 

was injected into a TSK gel column and the eluent was directed to a norepinephrine

(200 ng/mL) constricted aortic strip, as described in Fig. 2. (A) HPLC 

chromatogram of salivary gland homogenate detected at 280nm (dashed line) and 438 

nm (solid line). The inset shows the standard curve of the molecular mass markers 

(BA, 13-amylase; BSA, bovine serum albumin; CA, carbonic anhydrase; MYO, 

myoglobin, CYT, cytochrome C; APR, aprotinin). (B) Percentage inhibition of 

norepinephrine constriction of an aortic strip by the eluent of the TSK gel column 

homogenate from three pairs of salivary gland from Cimex lectularius. Constriction 

of the aortic strip due to norepinephrine was 1.8 g above resting tension. 
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decrease in the inhibition of vasoconstriction was seen when salivary gland 

homogenate was exposed to PBS at pH 7.0 for 30 min before the HPLC bioassay 

(results not shown). When salivary gland homogenate (100 pairs) was separated by 

HPLC using a molecular sieving column as described in Fig. 20A and the fractions 

collected were scanned in a spectrophotometer, the fraction containing the main 

protein peak: with a retention time at 16.2 min had an absorption spectrum the same as 

that shown in Fig. 17 at pH 5.0 (not shown). In addition, this hemoprotein had an 

apparent relative molecular mass of 28,000 when calibrated against molecular mass 

standards (Fig. 20A, inset). We conclude that the salivary vasodilator of Cimex 

lectularius is a molecule unstable at neutral pH and co-eluting with a hemoprotein 

having an apparent relative molecular mass of 28,000. 

Since the ligand of Cimex lectularius hemoprotein was suspected to be a volatile 

compound and the gas nitric oxide has been shown to be involved in vasodilation, we 

tested whether the ligand behaved as authentic nitric oxide and could be displaced 

from the head space of the protein solution by a noble gas, which is unable to react 

with the protein but is able to change the equilibrium towards the unliganded form. 

For this, salivary gland homogenate at pH 7.0 was exposed to argon, resulting in a 

shift in the Soret band from 438 to 388 nm (Fig. 21, continuous line). This result 

supports the hypothesis that the ligand of the salivary hemoprotein is a volatile 

compound. Exposure of the homogenate at pH 5.0 to argon leads to a slower, but 

complete, conversion of the Soret band from 438 nm to 406 nm. The same spectrum 

was observed when the homogenate at pH 7.0 was exposed to argon and then shifted 

to pH 5.0 (Fig. 21, dotted line). Furthermore, when nitric oxide was added to the 

salivary homogenate at pH 5.0 that had previously been exposed to argon, the Soret 

band shifted from 406nm to 438 nm (Fig. 21, dashed line). In addition, when a 
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difference spectrum was taken from the homogenate exposed to nitric oxide and the 

homogenate at pH 5.0 exposed to argon, it resulted in an absorption minimum of 388 

nm and an absorption maximum of 438 nm (Fig. 21, inset A). The visible spectrum 

also showed the appearance of typical ex and 13 bands at 580 nm and 545 nm (Fig. 

20B). Moreoever, the absorption spectrum of the protein charged with NO was 

identical to the spectrum of the native salivary homogenate at pH 5.0, suggesting that 

nitric oxide is the ligand of this hemoprotein. 

Identification of nitrosyl hemoprotein complex from Cimex salivary glands by EPR 

In order to test for the presence of nitric oxide in the salivary gland of Cimex 

lectularius, we measured the electron paramagnetic resonance spectrum (EPR) of 100 

pairs of salivary glands in the absence and presence of dithionite (Fig. 22). The 

rationale for using dithionite was that Fe (III) hemoproteins have an odd number of 

electrons that exist in a high-spin form when pentacoordinated and, typically, give rise 

to EPR spectral features at about 1100 G (Gauss) and 3300 G (spectroscopic g-factors 

of 6.0 and 2.0, respectively) (Walker et al. 1984). Since nitric oxide is also an odd

electron species, the complexation of a high-spin Fe(III) hemoprotein with NO 

produces an EPR-silent species, and no signal is observed over the magnetic field 

range 1000-4000 G (Hori et al.1990; Ribeiro et al. 1993). If the Fe (III) hemoprotein, 

in the absence of NO, is treated with dithionite, Fe(III) is reduced to Fe(II), an even

electron system that also does not give an EPR signal when measured in a normally 

configured EPR cavity, such as the one we used. However, when NO is bound to 

Fe (III) , reduction by dithionite produces an odd-electron species that gives rise to a 

characteristic Fe(II)-NO EPR signal (Ribeiro et al. 1993; Reisberg et al. 1976; Henry 

and Banerjee, 1973). Control reactions on the isolated salivary glands (in the absence 
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Fig. 21. Effect of NO on the absorbance by salivary gland homogenates from Cimex 

lectularius previously exposed to argon. Salivary gland homogenate was exposed to 

argon for 1 h and the spectrum measured (continuous line). The spectrum was then 

measured after the homogenate has been adjusted to pH 5.0 (dotted line). The dashed 

line represents the spectrum of the homogenate after the addition of NO. The insets 

represent the difference spectrum of the salivary gland homogenate exposed to argon 

minus the spectrum of the salivary gland homogenate with NO (A) from 350 to 475 

nm and (B) from 500 to 650 nm. 
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Fig. 22. EPR spectrum of 100 pairs of salivary gland homogenate of Cimex 

lectularius in the absence (A) and presence (B) of dithionite (DT). The arrow points 

to the x-axis intersection of the curve (g value). 
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of dithionite) resulted in a silent signal in the magnetic field range 500-3800 G (only 

the portion of the spectrum from 2400 to 3800 G is shown in Fig. 22A). In the 

presence of dithionite, we observed a signal (Fig. 22B) characteristic of a 

nitrosylhemoprotein (Reisberg et al. 1976; Henry and Banerjee, 1973), indicating the 

presence of nitric oxide in the salivary gland of Cimex lectularius. 

DISCUSSION 

We have described the presence of a vasodilatory compound in the salivary gland 

homogenate of Cimex lectularius. The vascular relaxation caused by the salivary 

gland homogenate was endothelium-independent, inhibited by methylene blue and 

augmented by superoxide dis mutase, all of which are characteristic of the behavior of 

the vasodilator nitric oxide or endothelium-derived relaxing factor (EDRF) 

(FurchgoU, 1984; Martin et al. 1985; Gryglewski et al. 1986). In addition, nitrogen

reactive groups measurable by the Griess reaction indicated the presence of 337 pg 

N02- equivalents per pair of salivary glands. A similar salivary nitrovasodilator has 

been identified in Rhodnius prolixus (Ribeiro et al. 1990). 

Spectrophotometric studies revealed the presence of a heme-like protein in the 

salivary gland homogenate of Cimex lectularius. The protein was confirmed to be a 

hemoprotein from its characteristic absorption spectra and from its affinity for carbon 

monoxide when in a reduced form (Fig. 17 and 19). The ligation of the native 

hemoprotein is pH-dependent and has an ionizable group with a pKa of 6.5 (Fig. 18). 

A similar Fe (III) hemoprotein has been identified in Rhodnius prolixus. However, 

these two proteins differ in the Soret band maximum of the liganded and unliganded 

forms. In Cimex lectularius, the maximum Soret band for the liganded form is at 438 
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nm and for the unliganded form at 388 nm (Fig. 17), while in Rhodnius prolixus the 

maximum Soret band for the liganded form is at 422 nm and for the unliganded form 

is at 404 nm (Ribeiro et al. 1993). Both proteins seem to have only one ligand since 

only two spectroscopic species were observed (unliganded and liganded) in the native 

protein with a very defined single isosbestic point at 413 nm (Fig. 17, inset A). In 

addition, the presence of a ligand in the protein is supported by the change in the 

absorption at 545 nm (maximum of the 13 band), which is decreased when the protein 

is unliganded. 

When the proteins from salivary gland homogenate were fractionated by HPLC 

in a molecular sieving column, the eluent containing a hemoprotein with an absorption 

spectrum similar to that described in Fig. 17 caused reversible vasodilation of the 

preconstricted aortic strip. 

The ligand of this protein was shown to be a volatile compound by exposing the 

salivary homogenate to argon and obtaining the spectrum characteristic of the 

unliganded form (Fig. 21, continuous line). Furthermore, the absorption spectrum of 

the salivary homogenate obtained in the presence of nitric oxide (Fig. 20, dashed line) 

is identical to the one observed in the native salivary homogenate at pH 5.0 (Fig. 17), 

suggesting that the ligand of the salivary hemoprotein is nitric oxide. In addition, 

evidence for the presence of nitrosyl heme was obtained by EPR measurements of the 

dithionite-reduced native salivary gland homogenate (Fig. 22). The same compound 

(nitric oxide) was identified as a ligand of the hemoprotein found in the salivary gland 

of Rhodnius prolixus (Ribeiro et al. 1993). 

Nitric oxide is a vasodilator that can be used by blood-sucking insects during 
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feeding to avoid one of the hemostatic mechanisms of their host (vasoconstriction). 

Cimex lectularius and Rhodnius prolixus have in their saliva a hemoprotein with 

similar spectroscopic characteristics and both proteins carry nitric oxide. 

Interestingly, Rhodnius prolixus and Cimex lectularius are from different families of 

Heteroptera and have evolved independently to a blood-feeding mode (Sweet, 1979; 

Cobben, 1979). Thus, their nitrophorins may have arisen by convergent evolution. 

Comparison of the structure and physical characteristics of the nitrophorins from these 

two species should yield insights into the interactions of ferric hemoproteins with 

nitric oxide. 
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PURIFICATION AND CWNING OF THE NITRIC OXIDE CARRYING 

HEMOPROTEIN (NITROPHORlN) FROM CIMEX LECTULARIUS 

Purification of the nitric-oxide carrying hemoprotein from the salivary glands of 

Cimex lectularius. 

Cimex lectularius salivary nitrophorin was purified by DEAE-HPLC 

chromatography (Figure 23 A,B). The absorption spectrum from the purified fraction 

(Fig 23B, inset, solid line) was identical to the spectrum of the unliganded form of the 

native protein from salivary gland homogenate, with a peak at 388 nm (Fig. 17). 

After addition of NO, the resulting spectrum shifted to a peak at 438 nm (Fig 23B, 

inset, dashed line), identical to that observed for the native nitric oxide ligated 

hemoprotein (Fig. 17). Further purification by reverse phase chromatography 

revealed only one major peak (Fig 23 C) with a molecular mass of 32,000 as 

determined by SDS gel electrophoresis (Fig. 24) and laser desorption/mass 

spectrometry (not shown). 

Attempts to obtain the aminoterminal sequence from Cimex nitrophorin were 

unsuccessful. However, three peptidic fragments from tryptic digests of the pure 

nitrophorin were sequenced (peptide 1: KDDPSDFLFWIGDLNVR, Peptide 2: 

LFDGWTEPQVTFKPTYK, Peptide 3: IQPLSYNSLTNY). 

Cloning of the nitric-oxide carrying hemoprotein from the salivary glands of Cimex 

lectularius . 

Two of the three sequenced peptidic fragments from tryptic digests of the pure 
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nitrophorin were used to construct' oligonucleotide primers for the polymerase chain 

reaction using cDNA from salivary gland homogenates as a template. A PCR product 

of 200 bp was produced from the combination of the sense primer of polypeptide 1 

and the antisense primer of polypeptide 2 (Fig. 25). No PCR product was detected by 

other DNA primer combination in the presence or absence of cDNA. Additionally, 

the 200 bp PCR product contained the sequence of the two primers and the sequence 

of peptide 1 and 2 (not shown). The PCR product was labelled with digoxigenin 

(DIG) and used to screen a cDNA library from Cimex lectularius salivary glands, 

resulting in the isolation of a 1 kB clone (Fig. 26, line 14, pointing arrow). The 

cDNA clone has an open reading frame of 789 bp and codes for a protein of 263 

amino acids (Fig. 27) yielding an estimated molecular weight of 30 kD; the difference 

in apparent molecular mass between the purified protein and that predicted from the 

cDNA clone may be due to glycosylation sites (Marshall, 1972) present at amino acids 

90-93 (NETI) and 165-168 (NATH). Additionally, the protein contains potential 

cAMP and cGMP-dependent protein kinase phosphorylation site (Fremisco et al. 

1980) at aminoacids 116-119 (KRFS), various protein kinase C phosphorylation sites 

with the consensus sequence of TxK, TxR and SxK (Woodget et al. 1986), and two 

N-myristoylation sites (Towler and Gordon, 1988) at aminoacids 99-105 (GGIVTS) 

and 231-236 (GTGQTI). 

Comparison of the Cimex nitrophorin sequence with sequences in GenBank using 

the BLAST algorithm (Altschult et al. 1990) resulted in 30% identity and 51 % 

similarity (p < .0000001) with the human platelet inositol polyphosphate 5-

phosphatase (Ross et al. 1991) Sequence alignment of the Cimex nitrophorin with the 

human 75 kD inositol polyphosphate 5-phosphatase (Ross et al. 1991), the predicted 

sequence of the Lowe's oculocerebrorenal syndrome gene (Attre et al. 1992), and the 
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Fig. 23. Purification and spectroscopic characterization of Cimex lectularius 

nitrophorin. Homogenate from 200 salivary gland pairs was fractionated by HPLC 

anion exchange (DEAE) chromatography. The eluate was detected simultaneously at 

280 nm (A) and 400 nm (B). Spectra (300-500 nm) from the fraction absorbing at 400 

nm (Retention time 13 min) is shown in B (inset, solid line). To this fraction, a 1130 

dilution of saturated nitric oxide solution was added and the sample was scanned again 

(B, inset, dashed line). One tenth of fraction 13 was further purified by HPLC 

reverse chromatography (C). 
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Fig. 24. SDS gel electrophoresis of Cimex lectularius nitrophorin. Lanes 1 and 6 

show molecular mass markers (ovalbumin, carbonic anhydrase, myoglobin and 

cytochrome c). Lane 2 is the crude salivary gland homogenate from Cimex lectularius 

and lane 4 is the DEAE purified nitrophorin from the salivary glands of Cimex 

lectularius. Lanes 3 and 5 are empty lanes. 
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bp 

200-

Fig. 25. PCR amplification of the partial sequence of Cimex lectularius nitrophorin. 

Lane 1 shows the amplified PCR product from the combination of sense primer 1, 

antisense primer 2 and Cimex cDNA. Lane 2 shows size markers. Lane 3 is the 

combination of antisense primer 1, sense primer 2 and Cimex eDNA. Lane 4 is the 

combination of sense primer 1 and antisense primer 2. Lane 5 is the combination of 

antisense primer 1 and sense primer 2. Line 6 is eDNA alone. 
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Fig. 26. Isolation of the nitrophorin clone from the pBluescript plasmid using the 

restriction enzymes BeoRI and XhoI. Lanes 1, 9 and 16 are molecular size markers. 

Lanes 2-8 and 10-15 are the isolated clones. Lane 14 (arrow) was the largest size 

clone. 



1 ggctccccac ctgcacaact aagtgtccac acggtgagtt ggaacagtgg 

51 acatgaacgt gccccaacga atctcgaaga gttacttggc cttaacagcg 
K N V P 0 R I 5 J( 5 Y L A L T A 16 

101 gaggaaactc ctgatgtgat cgcagtcgcc gtccagggat tcggattcca 
E E T P 0 V I A V A V Q G F G F 32 

151 aacggacaaa ccccaacagg gcccagcttg cgtgaaaaac ttccaaagcc 
Q T 0 J( P Q Q G PAC V J( N F Q S 49 

201 tccttacatc aaaaggatac accaagttga aaaacaccat cacagagact 
L L T S J( G Y T J( L J( N TIT E T 66 

251 atggggctaa ccgtctactg cctggaaaaa catctcgacc agaatacttt 
K G LTV Y C L E J( H L 0 Q N T 82 

301 gaagaacgag accattatcg tcactgtaga cgatcagaag aaatcaggcg 
L J( NET I I V T V 0 0 Q J( J( S G 99 

351 gaatcgtgac tagttttacc atttataata aaagattctc ctttaccaca 
G I V T 5 F T I Y N K R F S F T T 116 

401 tcaagaatgt cggacgaaga cgtcaccagt acgaatacca agtatgccta 
5 R K 5 0 E 0 V T S TNT K Y A 132 

451 cgacaccagg ctagactatt cgaaaaaaga tgatccatct gacttctgga 
Y 0 T R LOY 5 J( K 0 0 P 5 0 F W 149 

501 tcggagattt gaacgtcagg gtggagacga atgccaccca tgcaaaatcc 
I G 0 L N V R VET NAT H A J( S 166 

551 ctcgtcgatc agaataatat cgacgggctc atggctttcg atcagttgaa 
L V 0 Q N N lOG L K A F 0 Q L 182 

601 gaaagccaag gaacagaaat tgttcgacgg ctggaccgaa ccgcaggtca 
K J( A K E Q K L FOG W T E P Q V 199 

651 ccttcaagcc tacctacaag ttcaagccta acacggatga gtacgacttg 
T F K P T Y J( F K P N T DEY D L 216 

701 tccgccacac cttcctggac agacagagcc ctctataagt caggtactgg 
SAT P 5 W TOR A L Y K S G T 232 

751 ccaaacgatc caacccctca gctacaacag tttgaccaac tataaacaaa 
G Q T lOP L 5 Y H 5 L T N Y K Q 249 

801 ccgaacacag acccgtattg gccaaatttc gtgttacatt gtaatatata 
T E H R P V L A J( F R V T L • 263 

851 tttcattaaa tgtacacagt tatgtgctgc ttcatctgct tgaaataaaa 

901 tcttttccaa acggaaaaaa aaaaaaaaaa aaaaaaaaaa agaaaaaaaa 

951 aaagaaaaaa aaagggaaaa aaaaaaaaaa aaaaaaaaaa aaa 

101 

Fig. 27. DNA and predicted aminoacid sequence from cDNA clone of Cimex 

lectularius nitrophorin. The amino acid sequence is numbered on the right and the 

nucleotide sequence on the left. Both strands of the cDNA clone were sequenced 

using a cycle sequencing ABI model 373. The amino acid sequences obtained from 

the pure protein are underlined. 
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Fig. 28. Alignment of predicted protein sequence of Cimex lectularius nitrophorin 

(Clnitrop) with the human platelet 75 kD inositol polyphosphate-5-phosphatase 

(GbJ)r:Huminp5p), Human 43 kD inositol polyphosphate-5-phosphatase 

(GbJ)r:Hsinp05p) and the predicted sequence for the Lowe's oculocerebrorenal 

syndrome gene (Gb_om:ocuI2558). Conserved aminoacids among these sequences 

are outlined by boxes. Identical aminoacids between Cimex nitrophorin and any of the 

inositol phosphatases are in bold. Gaps were introduced by PILE UP on GCG 

program to maximize alignment. 
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human 45 kD inositol polyphosphate 5-phosphatase (Laxminarayan et al. 1994) 

revealed a high homology in C-terminal amino acid segments (Fig. 28). The 

suggested inositol trisphosphate binding sequence obtained from different 5-

phosphatases, PAWCDRIL (Laxminarayan et al. 1994), is also found in Cimex 

nitrophorin (with A to S, C to T and I to A substitutions). Attempts to detect inositol 

1,4,5 phosphatase activity in Cimex nitrophorin were unsuccessful. The presence of 

the prosthetic group heme in inositol phosphatases is not known. 

DISCUSSION 

The high homology in the C-terminal amino acid segments between Cimex 

nitrophorin and different inositol 5-phosphatases suggests that Cimex nitrophorin 

evolved from a phosphatase able to bind heme and NO. If this hypothesis is correct, 

and phosphatases have kept the ability to bind heme through evolution, it is possible 

that NO may regulate phosphatases in the inositol phosphate metabolism. The 

relationship between inositol phosphatases and NO has not been reported. However, 

there is evidence for an inhibitory action of NO in inositol I-phosphate accumulation 

in smooth muscle cells (Sim and Manjeet, 1990), and NO inhibition of intracellular 

calcium release promoted by inositol 1,4,5 trisphosphate (Rao et al. 1990). Both 

effects could be explained by NO activation of inositol phosphatases. The inositol 

1,4,5 -trisphosphate as a second messenger for calcium mobilization was first 

discovered in blowfly salivary gland (Berridge and Irvine, 1984; Berridge, 1983; 

Berridge et al. 1984); perhaps another insect is indicating to us the connection 

between the inositol phosphate and NO signaling pathways. 
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V.SUMMARY 

Cimex lectularius, an ectoparasite and an obligate hematophage, contains in its 

salivary glands anti-platelet, vasodilatory and anti-clotting compounds. These anti

hemostatic components presumably assist this bug during hematophagy by blocking 

the effects of hemostasis imposed by the host. 

Abundant apyrase activity was observed in the salivary gland homogenate of 

Cimex lectularius. Chromatographic and thermal sensitivity assays, as well as 

parallelism between ADP and ATP hydrolysis, indicated that the apyrase activity is 

the result of a true apyrase and not the result of two or more different enzyme 

activities. 

The apparent molecular mass of apyrase activity was 79,600 a value close to 

other reported apyrases. In addition, another apyrase activity with an apparent 

molecular mass of 21,500 was found. No apyrase with this low molecular mass has 

been reported so far. Purification and cloning of these two forms of apyrase should 

yield insights into the structure and origins of apyrases. 

The saliva of Cimex lectularius inhibited platelet aggregation induced by ADP; 

one salivary gland pair was sufficient to inhibit completely the aggregation of 0.1 mL 

of citrated platelet-rich plasma. The inhibitor was shown to be a component different 

than nitric oxide. 

Platelets not only participate in the formation of a temporary plug in the site of 

vessel injury, but they also release components to increase vasoconstriction. 
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Additionally, the membranes of platelets are important sites for specific reactions of 

components of the blood coagulation cascade. Therefore, a principle that inhibits 

platelet activity will ultimately affect other reactions during the hemostatic process. 

Cimex lectularius salivary gland homogenate delayed the recalcification time of 

citrated human plasma. Further characterization of this anti-clotting activity, revealed 

the presence of two inhibitors of factors of the blood clotting cascade, one, an 

inhibitor of factor X activation with an apparent molecular mass of 17,000, and the 

other, an antithrombin, with an apparent molecular mass of 79,600. 

Our data suggest that the inhibition of factor X activation occurs by binding of 

the inhibitor to a regulatory or cleavage site of the factor X molecule. Factor X when 

activated to factor Xa plays an important role in the blood coagulation cascade by 

activating prothrombin to thrombin. In addition, factor X is the link between the 

intrinsic and the extrinsic pathway. Factor X is activated by factor VIla in the 

extrinsic pathway, and by factor IXa, in the presence of factor VIII, in the intrinsic 

pathway, both cascades require phospholipids. Purification and cloning of this 

inhibitor will yield insights into the mode of action of this protein on the inhibition of 

the activation of factor X. 

Our data suggest that Cimex thrombin inhibitor was not the major inhibitor of the 

recalcification time of citrated plasma. Since thrombin is a multifunctional molecule, 

it is possible that Cimex anti-thrombin is affecting thrombin in other aspects of the 

clotting cascade not detected by our assays, or may be inhibiting other effects of 

thrombin like the activation of platelet aggregation. Purification and cloning of Cimex 

anti-thrombin will yield more insights for the role and mode of action of the Cimex 
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anti-thrombin in the hemostatic process. 

When searching for a component from the salivary glands of Cimex lectularius 

that can inhibit the process of vasoconstriction, we detected vasodilatory activity in the 

salivary glands of Cimex lectularius when tested in a rabbit aortic ring preconstricted 

with norepinephrine. The vasodilator agent was shown to be a hemoprotein that 

transports and releases nitric oxide (nitrophorin), upon dilution and pH change. Nitric 

oxide is a potent vasodilator which relaxes the vascular smooth muscle cells, therefore 

overcoming the effect of vasoconstriction imposed by the host when the insect is 

trying to feed. In addition, nitric oxide is a potent inhibitor of platelet aggregation, 

showing that the insect counteracts the redundancy of the hemostatic process by also 

being redundant. 

Cimex nitrophorin was purified and cloned. The sequence of the clone has high 

homology to the human platelet inositol polyphosphate 5-phosphatase. In addition, 

the alignment of Cimex nitrophorin sequence with other 5-phosphatases revealed a 

high identity on the carboxy-terminal region of these proteins. These data suggest that 

Cimex nitrophorin co-opted this enzyme to the function of nitric oxide carrier. This 

scenario indicates the possibility that vertebrate inositol polyphosphate 5-phosphatase 

may be a hemoprotein regulated by nitric oxide. 

The process of hemostasis besides being well regulated has a redundant 

characteristic. The effective crosstalk between platelets, vascular smooth muscle cells, 

endothelium and factors of the blood coagulation cascade makes this system difficult 

to be disarmed. However, blood sucking insects have developed components capable 
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to overcome specific reactions of hemostasis, like platelet inhibitors, vasodilators and 

inhibitors of factors of the blood coagulation cascade. In order to survive, blood 

sucking insects have developed salivary components that fight redundancy with 

redundancy in order to disarm the host's hemostatic system and be able to obtain 

blood from the host. Developments in microchemistry and molecular biology are 

enabling us to tap into this natural pharmacological resource. 
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