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Abstract: Nitric oxide (NO) and NO-related pathways have the potential to play critical roles in the

helminthes life cycle. Nitric oxide and nitric oxide synthase(NOS) in the parasitic trematode Fasciola

gigantica were investigated. Two forms of F. gigantica nitric oxide synthase were detected after

chromatography on  CM-cellulose. The NOS II had the highest specific activity. NOS II was purified

to homogeneity after acetone precipitation and Sephacryl S-200 column with 50% recovery and a 120

fold of purification. The molecular mass of NOSII was 18 kDa using Sephacryl S-200 and SDS-

PAGE. The Km for NOSII was 0.83 and 0.2 μM using NADPH  and L-arginine respectively. NOSII+

had a pH and temperature optima at 6 and 40ºC respectively. The enzyme was stable up to 40 C ando

lost 80% of its activity at 70 C. In addition  Fe , Ba , Cu  and Hg  completely inhibited theo 3+ 2+ 2 + 2 +

enzyme, Co , Ba  and Zn  cause 87, 77 and 84.7 % inhibition of NOSII activity. Ca  had no effect2+ 2+ 2+ 2+

on enzyme activity. The results indicated that the NOSII had very low resistant toward the most of

metals.
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INTRODUCTION

Fasciolasis, hepatobiliary infection caused by the trematode Fasciola hepatica and F. gigantica which is

a common parasite in cattle and sheep, is endemic in North and South America, Europe, Africa, Asia and the

Middle East. Fascioliasis is an important freshwater snail-borne helminthiasis caused by the trematode parasites

Fasciola hepatica and Fasciola gigantica that produces a chronic liver infection of cattle and sheep; inflicting

substantial productive loses on affected animals (Danial et al., 2008). Humans are accidentally infected with

fasciola after ingestion of contaminated water cress, raw fish, raw cattle or sheep liver. After ingestion, the

cercaria and the immature flukes penetrate the intestinal wall; enter the peritoneal cavity and then the capsule

of the liver, where they become lodged in the bile ducts in which they will mature. As the flukes mature and

enlarge they migrate towards the larger bile ducts causing haemorrhage, necrosis inflammation and subsequent

fibrosis (Milbourne and Howell, 1993).

Nitric oxide secreted by activated cells appear to be a complex of a substances including nitrogen dioxide

2 2 3(NO ), the peroxy nitrite (ONOO ) and nitrogen trioxide (N O ) (Kroncke et al., 1997). In both vertebrate and-

invertebrate species, a significant fraction of nitric oxide (NO) is produced enzymatically by nitric oxide

synthase (NOS) (EC 1.14.13.39), using oxygen and the amino acid L-arginine to L-citrulline (Kiechle and

Malinski, 1993; Bicker 2001, Danial et al., 2008). Nitric oxide may represent essential signaling cascades that

are required for normal physiological functioning of the parasite and also be important in parasite-host

interactions (Gutierrez-Escobar, et al., 2008). Nitric cytotoxicity might be used by the parasite for non-immune

defense against host responses to infection. An initial step in defining the potential role of NO in schistosomes

is to establish the presence and distribution of components of the pathway in these parasites (Kohn et al.,

2006). 

In insects, NO signaling has been implicated in a wide variety of functions, including learning and

memory, axonal guidance, and chemosensory, mechanosensory and visual processing (Davies 2000; Bicker

2001). Evidence for NOS or NOS-like activity has been found in a variety of parasitic platyhelminths,

including Diphyllobothrium dentriticum (Gustafsson et al., 1998; Lindholm et al., 1998), Hymenolepis diminuta

(Gustafsson et al., 1996, 1998; Terenina et al., 2000), Mesocestoides vogae (Terenina et al., 1999), Fasciola
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hepatica (Gustafsson et al., 2001, Terenina et al., 2003), and Fasciolopsi buski (Tandon et al., 2001). 

While nothing is known of the role of NOS in Fasciola, nitric oxide from fasciola is thought to play a

pivotal role in a wide variety of physiological and pathological processes in the host. These processes include

vasodilatation and regulation of normal vascular tone, inhibition of platelet aggregation, neuronal transmission,

cytostasis, hypotension associated with endotoxic shock, inflammatory response- induced tissue injury,

mutagenesis, and formation of carcinogenic N-nitrosamines (Kiechle and Malinski, 1993; Nathan, 1992).

Previous study reported that low levels of urea cycle enzymes were detected except arginase in F.

gigantica (Mohamed et al., 2005). Therefore, the study concentrated on other pathway of arginine metabolism

in F. gigantica which lead to the formation of nitric oxide. NO signaling may be playing important

physiological roles in the parasite. Interference with NO pathways by pharmacological agents could have

significant effects on parasite life cycles. In the current study, the biosynthesis of nitric oxide from arginine

by NOS will be investigated in F. gigantica. The purification and characterization of NOS will help to know

a new strategy for control of this parasite.

MATERIALS AND METHODS

Fasciola Material:

Fasciola gigantica was obtained from sheep livers from the Cairo slaughter house. F. gigantica was saved

directly into an ice box for transportation to the laboratory and transferred to frozen storage at -70°C.

Preparation of Crude Extract:

Crude extract was prepared by homogenizing 2g of F. gigantica in 5ml of 50mM acetate buffer, pH 5.5

using a Teflon Pestle homogenizer. The homogenate was centrifuged at 13,000 xg for 20 min to remove

insoluble debris and the supernatant was designated as crude extract. 

Nitric Oxide Determination: 

Nitric oxide concentration was measured in crude extract in the form of nitrate/nitrite products by modified

assay of Vodovotz (1996). Briefly, zinc sulfate (30%) was added in the crude extract. The sample was

centrifuged for 5 min. The supernatant was added to cadmium filling (Fluka Chemical, NY USA) to reduce

nitrate to nitrite and incubated at room temperature for overnight, rotating end over end. The sample was

centrifuged again. The supernatant was subsequently assayed for nitrate and nitrite.  Nitrite was measured by

Griess reaction. 0.5 ml of Griess reagent (1% sulfanilamide and 0.1% naphthylethylenediamine in 2.5%

phosphoric acid) was added to 0.5 ml of sample. After standing for 15 min at room temperature, the

absorbance at 550 nm was measured. Nitrite concentrations were estimated by comparison with a standard

curve at the range of 10 to 100 μmole/ml of sodium nitrite. The sum of nitrate and nitrite has been good

confirmed to be good indicator of nitric oxide production. 

Nitric Oxide Synthase Assay:

Nitric oxide synthase activity was determined according to Donham and Sorenson (2000) with some

modifications. A suitable amount of prepare parasite sample was added to a reaction mixture containining

50mM Tris-HCl buffer, pH 7.3, 0.17mM arginine, 2mM dithioertheritol, 0.1mM tetrahydrobiopterin, 0.025 mM

FAD and 0.6 mM NADPH .  The final volume was 1 ml. The reaction mixture was incubated at 37 C for 30+ o

minute. The decrease of absorbance was read at 340 nm, on the basis of the molar absorption coefficient of

NADPH  (6.25 x 10 ). One unit of enzyme is defined as the amount of enzyme that oxidizing 1 nmole+ 3

NADPH  per hour at 37 C.+ o

Purification of F. gigantica Nitric Oxide Synthase:

Unless otherwise stated all steps were performed at 4–7°C using 50mM acetate buffer, pH 5.5.

Step 1: CM-cellulose Chromatography:

The crude extract was applied directly to a CM- cellulose column (6×1.6 cm i.d.) previously equilibrated

with 50 mM acetate buffer, pH 5.5. The exchanged material was eluted with a stepwise different concentration

of sodium chloride ranging from 0.0 to 0.4 M prepared in the same buffer at a flow rate of 45 mL/h and 3

mL fractions. The eluted fractions were monitored at 280 nm and assayed for protein and enzyme activity.

Protein fractions exhibiting nitric oxide synthase activity were pooled in two peaks (NOSI and NOSII). 
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Step2: Acetone Precipitation:

NOSII was precipitated by two volumes of cold acetone with continuous stirring in an ice bath for one

hour. The precipitate was collected by centrifugation at 4,000 xg for 10min and dissolved in 50 mM acetate

buffer, pH 5.5.

Step4: Sephacryl S-200 Chromatography:

NOSII acetone fraction was applied to a Sephacryl S-200 column (90×1.6 cmi.d.) equilibrated with the

same buffer and developed at a flow rate of 20mL/h and 3 mL fractions. NOSII was eluted with the same

buffer. 

Protein Determination:

Protein concentration was determined either by measuring the absorbance at 280 nm (Warburg and

Christian, 1942) or by the method of Bradford (1976) using bovine serum albumin as standard.

Molecular Weight Determination:

Molecular weight was determined by gel filtration technique using Sephacryl S-200. The column (90×1.6

cm i.d.) was calibrated with cytochrome C (12,400), carbonic anhydrase (29,000), bovine serum albumin

(67,000), alcohol dehydrogenase (150,000) and â-amylase (200,000). Dextran blue (2,000,000) was used to

determine the void volume (Vo). Subunit molecular weight was estimated by SDS-polyacrylamide gel

electrophoresis under denaturing conditions (Laemmli, 1970). SDS-denatured  -lactoalbumin, soybean trypsin

inhibitor, carbonic anhydrase, ovalbumin, bovine serum albumin and phosphorylase b (M. Wt.14,400–97,000)

were used for the calibration curve.

Enzyme Characterization:

Estimates of optimal temperature and pH were made by using a temperature range of 10–90 C and a pHo

range of 5.0–8.5. The thermal stability was investigated by measuring the residual activity of the enzymes after

15 min of incubation at different temperatures prior to substrate addition. The Km values were determined from

Lineweaver–Burk plots by using different substrate concentrations. The effect of metal cations was performed

by incubating the enzyme for 15 min at 37 C with 2mM of cations prior to substrate addition. o

RESULTS AND DISCUSSION

Nitric oxide in F. gigenica was 1.096 + 0.045 μmole/g tissue (Table 1). Some of nitric oxide was nitrite,

0.156 +0.007μmole/g tissue, other amount of nitric oxide was nitrate 0.939 +0.040μmole/g tissue. The amount

of nitric oxide synthase was 4220+ 198 units /g tissue with specific activity 94.1 units/mg protein (Table 2).

Several parasites produce nitric oxide molecules as a defense against the host response. Actually NOS or NOS-

like enzymes are present in Trypanosoma cruzi (Paveto et al., 1995), Hymenolepis diminuta (Gustafsson et al.,

1996; Terenina et al., 2000), Diphyllobothrium dendriticum  (Lindholm et al., 1998), Schistosoma mansoni

(Kohn et al., 2001 and 2006), Ascaris suum  (Bascal et al., 2001), Brugia malayi (Pfarr and Fuhrman, 2000),

and Dirofilaria immitis (Mupanomunda et al., 1997).

Table 1: Nitric oxide, Nitrite and nitrate metabolite in Fasciola gigentica

Parameter μmole/g

Nitric oxide 1.096 + 0.045

Nitrite 0.156 +0.007

Nitrate 0.939 +0.040

Table 2: Purification scheme of F. gigantica  nitric oxide synthase. 

Purification step Total protein Total activity Specific activity Fold Recovery %

(mg) (unit*) (units m g protein) Purification-1  

Crude extract 14.5 1366 94.2 1 100

Chromatography on CM - cellulose

0.0   M  NaCl (NOS I) 4.56 382 83.7 0.89 27.9

0.2   M  NaCl (NOS II) 0.82 722 902.5 9.5 52.8

Acetone preciptation 0.2 715 3575 37.9 52.3

Gel filtration on Sephacryl S-200 0.06 682 11366 120.6 49.9

One unit of enzyme is defined as the amount of enzyme that oxidizing 1 nmole NADPHH  per hour at 37 C.+ o
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The purification of F. gigantica NOS was summarized in Table 2. During purification of NOS from F.

gigantica using CM-cellulose column, two forms of nitric oxide synthase were separated, NOSI and NOSII

(Fig. 1). The purification was completed for NOS II with the highest enzyme activity using Sephacryl S-200

column after acetone precipitation with 50 % recovery and 120 purification fold (Fig. 2). Chen and Rosazza

Noc(1995) were previously purified bacterial nitric oxide synthase from a Nocardia species designated NOS  with

39.2 % recovery and 1353fold of purification. Tatoyan and Guilivi (1998) were purified nitric oxide synthase

from rat liver mitochondria with 10% recovery and 70 fold of purification. 

Fig. 1: A typical elution profile for the chromatography of F. gigantica nitric oxide synthase on CM-

cellulose column (6×1.6 cm i.d.) previously equilibrated with 50 mM sodium acetate buffer, pH 5.5

at a flow rate of 45mL/h and 3 mL fractions.

Fig. 2: A typical elution profile for F. gigantica  Nitric oxide synthase  (NOSII) acetone precipitation fraction

on Sephacryl S-200 column (90×1.6 cm i.d.) previously equilibrated with 50mM acetate buffer, pH

5.5 at a flow rate of 20 mL/h and 3 mL fractions. 
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The molecular weight of F. gigantica NOSII was 18 kDa, using Sephacryl S-200 column. This value was

confirmed by SDS-PAGE and represented monomer subunits (Fig. 3). The molecular weight of F. gigantica

NOS II was lower than that reported for mouse skeletal muscle (140 kDa) (Kawagishi et al., 2004), brain

tissues of the guinea pig (~60 kDa) (Dizon et al., 2004), central nervous system of heteropteran bug Triatoma

infestans (134 kDa) (Settembrini et al., 2007), normal human keratinocytes (152 kDa). Low molecular (11 kDa)

was reported for recombinant enzyme from Toxoplasma gondii (Gutierrez-Escobar et al., 2008). 

Fig. 3: SDS-PAGE electrophoresis for molecular weight determination of of  F. gigantica  nitric oxide

synthase (NOS II). 1–standard proteins; 2, Sephacryl S-200.  

The Km for F. gigantica NOSII was 0.83 μM using NADPH  as substrate and 0.2 μM using L-arginine+

as substrate (Fig. 4). Different Km values were reported for different species. The Km value of  NOS from

Toxoplasma gondii was 2.3 mM arginine (Gutierrez-Escobar et al., 2008). Human eNOS had a Km of

approximately 5 μM, as calculated from both eNOS-dependent NADPH  consumption and superoxide+

N o cgeneration (Vasquez-Vivar et al., 1997). The Km for NOS  was measured by Chen and Rosazza (1995) using

N -hydroxyl-L-arginine (L-NOHA) was 15.8 μM and using L-arginine was 5.7 μM. Yui and coworkers (1991)G

purified NOS from rat macrophage and determined the apparent Km of 32.3 mM arginine. 

Fasciola gigantica NOSII had a pH optimum at pH 6 (Fig. 5). The enzyme activity lost about 80% at pH

5.5 and 60 % at pH 7.5. Different pH optima were reported for NOS from rat macrophage (pH 6.9) (Bellocq

et al., 1998), rat brain (pH 7.5) (Gorren et al., 1998), rat macrophage (pH 7-8) (Yui et al., 1991) and

Toxoplasma gondii (pH 7-7.5) (Gutierrez-Escobar et al., 2008). 

Fasciola gigantica NOSII activity was optimum at 40 C. NOSII was stable up to 40 C and lost about 80%o o

 of its activity at 70 C. The stability of NOSNoc was measured at 4, 25, and 37 C. The enzyme lost about 30%o o

of its activity after 8 h at 4 C, whereas it exhibited half-lives of 4 and 2h at 25 and 37 C, respectively (Cheno o

and Rosazza 1995). NOSII from Toxoplasma gondii had low temperature optimum at 25 C and lost 60% ofo

its activity when it incubated at 37 C (Gutierrez-Escobar et al., 2008).o
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Fig. 4: Lineweaver –Burk plot F. gigantica  NOS II, reaction velocities to (A) NADPHH , (B) L-arginine+

. Each point represents the average of two experiments.

Very little information has been reported for the effect of metals on NOS. Therefore, in this work the

effect of metals on the activity of NOSII was studied (Table 3). All metal cations tested (Fe , Ba , Cu ,3+ 2+ 2+

Hg , Co, Ba  and Zn ) had inhibitory effects on the activity of F. gigantica NOSII. While Fe , Ba , Cu2+ 2+ 2+ 3+ 2+ 2+

and Hg  completely inhibited the enzyme, Co, Ba  and Zn  cause 87, 77 and 84.7 % inhibition of NOS II2+ 2+ 2+

activity. Ca  had no effect on enzyme activity. In conclusion NOS II of F. gigantica may be played a vital2+

role in arginine metabolism rather than urea cycle pathway. The characterization of NOS help to identify a

biological control F. gigantica parasite infection. 
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Table 3: Effect of various metal ions on F. gigantica NOSII.

Compound Relative activity %

None 100

Fe 03+

Ni 132+

Co 232+

Ba 02+

Cu 02+

M g 482+

Zn 15.32+

Hg 02+

Ca 1002+

Fig. 5: pH optimum (A), temperature optimum (B) and temperature stability (C) of of F. gigantica nitric

oxide synthase NOS II. 
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