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ABSTRACT 
    Proteolytic activity was demonstrated in each of the midgut lumen content (MLC) 
and midgut wall (MW) of the mated unfed and fed female and male Ornithodoros 
erraticus. In both midgut compartments proteinase activity levels increased after 
feeding to reach at their peaks about double times the levels in the unfed controls. The 
peak levels of the proteolytic activity were attained on 1 and 1 – 2 days after feeding 
(daf) in the MLC (48 and 31.10 – 32.63 µg alanine ×10³/ min/ mg gut content) and on 
5 – 6 and 5 – 7 daf in the MW (196.33 – 200.33 and 156.80 – 161.23 µg alanine ×10³/ 
min/ mg tissue) in the female and male tick, respectively. However, the proteolytic 
activity in the MLC was much lower than that in the MW of all the corresponding 
physiological states studied, and represented about one fourth and one fifth of it at the 
peak activity levels in the female and male tick, respectively. Generally, proteolytic 
activity was higher in the female than male ticks in the unfed and up to the 2nd daf in 
the MLC and in all the corresponding examined states in the MW throughout the 
period of study (20 daf). 
    Changes in the level of proteolytic activity in each midgut compartment of the 
female and male ticks infected with Borrelia crocidurae followed almost the same 
pattern in the uninfected controls. However, the level was lower in the MW of 
Borrelia infected ticks than uninfected ones throughout most (2–20 daf) of the period 
of study. 
    The present results were discussed and conclusions conformed to the view of 
intracellular proteolytic digestion of blood meal in the MW, but did not exclude a 
possible role of extracellular proteolytic digestion in the MLC. 
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INTRODUCTION 
    Ticks are haematophagous obligatory 
ectoparasites of vertebrates which affect 
human and animal health. Ticks have 
been incriminated as vectors for disease 
pathogens including viruses, rickettsiae, 
bacteria, spirochetes and protozoa 
(Balashov, 1972; Hoogstraal, 1985). The 
argasid ornithodorine ticks are vectors of 
several spirochetes of genus Borrelia 
which are pathogenic for man and 
mammals (Burgdorfer, 1976; Johnson, 
1977; Schwan, 1996; Tarasov, 1999). 
The small race of Ornithodoros 

(Pavlovskyella) erraticus which had been 
recorded throughout Egypt was found to 
harbor Borrelia crocidurae in nature and 
was established as vector of the endemic 
North African relapsing fever (Davis and 
Hoogstraal, 1954). 
    The midgut with its internal milieu, 
enzymes and epithelial cell activities 
during digestion may represent a serious 
barrier along the spirochete route into the 
body cavity of the tick which may affect 
the vector potential. The ability of 
Borrelia to survive and multiply in the 
gut during blood meal digestion is an 
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important step in successful 
establishment of the pathogen 
colonization and infection inside the 
vector (Pal et al., 2000). Proteolytic 
enzymes are important in digestion of 
blood meal proteins to liberate the amino 
acids needed by the tick body. In ticks 
and insects a pathogen which is ingested 
with an infected blood meal is subjected 
to the proteolytic enzymes activity and 
might be influenced with it (Tsuji et al., 
2008) or vice versa (Dillon and Lane, 
1993; Daba et al., 1997b; Jahan et al., 
1999). Generally, protease study in ticks 
may help to identify interesting target 
molecules toward which novel 
chemotherapy and immunoprophylaxis 
may be directed for controlling ticks and 
tick-borne diseases (Boldbaatar et al., 
2006). 
    Physiological, biochemical (Tatchell, 
1964; Tatchell et al., 1972; Balashov, 
1972; Akov et al., 1976; Grandjean, 
1984) and histological (Balashov, 1972; 
Grandjean and Aeschlimann, 1973; 
Balashov and Raikhel, 1977, 1978; 
Akov, 1982) studies of protease activity 
in argasid ticks have provided evidence 
that proteolytic digestion is a slow 
intracellular process within the 
lysosomes of the midgut epithelial cells. 
Intensive proteolytic digestion starts at 
the end of the initial phase of blood meal 
concentration and haemolysis of red 
blood cells in the midgut lumen, where 
little digestion and splitting of food 
components occur (Balashov, 1972; 
Akov, 1982). During the phase of 
intensive digestion, midgut cells are 
hypertrophied and project into midgut 
lumen accumulating hemoglobin and 
other liquid protein by pinocytosis and 
uptaking larger particles and components 
of the lyzed blood cells by phagocytosis 
(Balashov, 1972; Akov, 1982). In the 
digestive epithelial cells, hemoglobin and 
serum protein digestion and assimilation 
take place and elimination of haematin 
into the gut lumen occurs (Kitaoka and 
Fujisaki, 1976; Grandjean, 1984). Most 

of physiological and biochemical studies 
which assessed protease activity, 
measured changes in the amount of 
hemoglobin in the whole gut (Akov et 
al., 1976), whole tick (Tatchell et al., 
1972) or gut content (Grandjean, 1984) 
using different methodology and 
physiological states of ticks which make 
it difficult to compare results of various 
studies. None of the previous studies 
measured proteolytic activity in each of 
the gut lumen and gut wall of the 
investigated ticks. Also, no one 
investigated the effect of borrelial 
infection on proteolytic activity in 
argasid ticks during blood meal 
digestion. Therefore, the present study 
aims to measure changes of proteolytic 
activity during digestion of blood meal in 
the midgut lumen content and midgut 
wall of female and male O. erraticus 
uninfected and infected with B. 
crocidurae. 
 

MATERIALS AND METHODS 
Ticks:  
    The argasid tick, Ornithodoros 
erraticus, was collected from burrows of 
the Nile grass rat Arvicanthis niloticus in 
Monofeya, Egypt. Ticks were placed in 
rearing polyethylene tubes, sealed at one 
end by a mixture of gypsum. The tubes 
were covered with pieces of muslin cloth 
securely held by rubber bands. The 
rearing tubes were kept in desiccators 
containing saturated solutions of sodium 
chloride to obtain 75% relative humidity 
(RH). Desiccators were maintained at 28 
± 1º C. The hamster, Mesocricetus 
auratus was used as a laboratory host 
tick.  
Tick colonies: 

Samples of the collected ticks were 
examined for spirochetal infection with 
Borrelia using Fontana stain (Conn et al., 
1960). Infected ticks were separated from 
uninfected ones. Uninfected F1 adults of 
field collected tick, showing no 
spirochetes in HL were used to start the 
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uninfected stock for the laboratory 
colonies. 

Adults and nymphs of O. erraticus 
found to be naturally infected with 
Borrelia crocidurae were fed on 
hamsters. By 4-7 days later the hamsters 
developed spirochetemia were used as 
the infection source for ticks by feeding 
the uninfected ticks on them. Uninfected 
and infected tick colonies were carefully 
separated. Also hamsters infected with 
Borrelia and uninfected hamsters used 
for feeding ticks were kept in separate 
cages. 
 Testing ticks and hosts for infections: 

To test ticks for infection, a drop of 
hemolymph (HL) was collected by 
cutting tarsus I and withdraw the exuding 
fluid on a glass slide the HL was smeared 
and stained with Fontana Stain. To test 
hamsters for infection, a drop of blood 
was collected by cutting off a claw. The 
blood was smeared on a glass slide and 
stained with Fontana stain. 

The smears of tick HL or hamster 
blood were examined microscopically for 
the presence of spirochetes. 
Experimental groups and selection of 
ticks: 

Two groups of O. erraticus ticks 
were used in this study. The first group 
was uninfected ticks and the other group 
was infected with the spirochetes. Virgin 
females and newly emerged males from 
each group were obtained by keeping 
engorged 3rd, 4th & 5th nymphal instars 
individually in separate rearing tubes 
until molting. Mating was allowed by 
placing pairs of males and females in the 
rearing tubes. The study was carried out 
on the midgut of mated newly emerged 
males and females before feeding and at 
various time intervals after feeding 
(immediately, 1-7 day and 20 day after 
feeding). To minimize the possible 
effects of various size of the meal 
(Tatchell et al, 1972 and Akov et al, 
1976), ticks that had ingested 
approximately the same amount of blood 

were used to assess protease activity 
levels.  
Tick dissection and collection of 
samples: 

In order to obtain the midguts, ticks 
were dissected as described by Ribeiro 
(1988) with some modifications.. The 
tick was fixed in a small paraffin filled 
Petri dish and covered with phosphate 
buffer saline (PBS) and under a 
dissecting microscope the dorsum was 
removed by cutting around its edges with 
a microscalpel. The midgut was 
separated from other organs using fine 
forceps with care to keep the gut intact. 
The midgut lumen contents were 
carefully removed with a special care not 
to disrupt the gut epithelium. Lumen 
contents of 5 guts were collected in 1.25 
ml PBS and centrifuged at 5000 rpm for 
20 minutes at 4º C. The supernatant was 
stored at – 20° C until used. 

The empty midguts were washed 
intensively with PBS to remove the host 
blood cells from them. The midgut walls 
were homogenized mechanically in 
chilled PBS (5 gut wall / 250 µL PBS) 
using a pellet pestle. The homogenized 
tissues were then centrifuged at 5000 
rpm for 20 minutes at 4º C. The 
supernatant was recovered and stored at 
– 20° C until used. 

Three replicates of each pool of 
midgut contents, midgut walls were used 
to assess proteolytic activity in each of 
the uninfected and infected female and 
male. 
Determination of proteolytic activity: 
     Proteolytic activity was measured 
in tick midgut wall and lumen content as 
described by Tatchell et al. (1972), by 
measuring the increase in free amino 
acids split from substrate protein (Bovine 
serum albumin), during one hour 
incubation at 30° C. 

The reaction mixture consisted of 
150 µl gut homogenate or 20 µl gut 
content, 1 ml of a mixture of  0.01 N HCl 
and 0.75 % bovine serum albumin 
(substrate). The proportion was such that 
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the final pH was between 2.9 and 3.1. 
Volumes of 0.4 ml of the reaction 
mixture were incubated for one hour at 
30º C or added directly to 0.5 ml 20 % 
trichloroacetic acid (TCA) for use as zero 
time standards. The reaction was stopped 
by adding 0.5 ml of 20% TCA. After 
standing for 20 minutes, the mixtures 
were centrifuged at 3000 rpm for 20 
minutes, and the supernatant was used 
for measuring the quantity of the 
produced amino acids. 

Amino acids were colorimetrically 
assayed by ninhydrin reagent according 
to the method described by Lee and 
Takahashi (1966). The reaction mixture 
consisted of 100 µl of the supernatant, 
2.9 ml of 1% ninhydrin solution, 1.0 ml 
of 0.5 M citrate buffer (PH 5.5) .The 
mixture was heated in boiling water bath 
for 12 minutes and then cooled. The 
developed color was read at 570 nm 
against zero time standards. 

Proteolytic activity measured by the 
amount of amino acids split from the 
substrate using alanine standard curve.   
Alanine standard curve: 

The standard curve of D, L alanine 
was constructed by preparing different 
concentrations of D, L alanine containing 
100, 200, 400, 600, and 800 µg / ml. 
Hundred µl of each concentration were 
added to 2.9 ml of 1% ninhydrin 
solution, 1.0 ml of 0.5 M citrate buffer 
(pH 5.5) .The mixture was heated in 
boiling water bath for 12 minutes and 
then cooled. The developed color was 
read at 570 nm against blank reagent 
prepared from 100µl PBS instead of the 
alanine. The optical densities were 
plotted graphically against alanine 
concentrations. The resulting curve was 
used as standard and the amino acids 
were expressed as µg alanine 
×10³/min/mg tissue or gut contents. 
Statistical Analysis: 

The obtained data were manipulated 
statistically with the help of STATISTICA 
version 5.0 for windows using multivariate 
ANOVA (ANOVA/MANOVA). 

RESULTS 
Proteolytic activity in the midgut 
lumen content of mated female and 
male O. erraticus, uninfected and 
infected with B. crocidurae, during 
blood meal digestion: 
  In comparison with the unfed 
controls, proteolytic activity in the 
midgut lumen content (MLC) of each of 
the uninfected female (Fig. 1) and male 
(Fig. 2) greatly increased (P < 0.001) 
immediately after feeding (imm. a. f.) to 
reach a peak (P < 0.001) on the 1st daf 
and the 1st and 2nd daf (48 ± 0.72 and 
32.63 ± 1.33 – 31.10 ± 0.62 µg alanine 
×10³/ min/ mg gut content) before 
declining (p < 0.001, p < 0.05) on 2-3 
and 3-4 daf  in the female and male, 
respectively. On day 4-20 and 6-20, the 
enzymatic activity decreased (P< 0.05) to 
a more or less constant level approaching 
(P > 0.05) that in the unfed uninfected 
female and male, respectively (20.53 ± 
1.52 and 14.93 ± 1.21 µg alanine ×10³/ 
min/ mg gut content). Similarly, the 
relative activity of proteinases increased 
immediately after blood meal ingestion 
and subsequent days up to the 3rd and 4th 
daf in the female and male, respectively. 
During these periods the relative activity 
increased 1.31-2.34 and 1.39-2.19 times 
that in the unfed uninfected female and 
male before declining to a level similar to 
that in the unfed uninfected control. 

Changes in the proteolytic activity 
in the MLC of each of the infected 
female (Fig. 1) and male (Fig. 2) 
followed almost the same pattern of that 
in the uninfected female and male, 
respectively. Proteolytic activity greatly 
increased (P<0.001) imm.a.f. to reach a 
peak (P < 0.001) on 1 and 1-2 daf (45.73 
± 1.30 and 30.27 ± 1.41-31.17 ± 0.6 µg 
alanine ×10³/ min/ mg gut content) 
before declining (P < 0.001, P < 0.05) on 
2-3 and 3-4 daf in the female and male, 
respectively. On 4-20 and 6-20 daf, the 
proteolytic activity decreased (P < 0.05) 
to reach a more or less constant level 
approaching (P > 0.05) that in the unfed 
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infected female and male, respectively 
(19.83 ± 0.81 and 13.93 ± 1.19 µg 

alanine ×10³/ min/ mg gut content).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      
 
Fig. 1: Proteolytic activity in the midgut lumen content of female O. erraticus (uninfected and infected 

with B. crocidurae) at various time intervals after feeding. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Proteolytic activity in the midgut lumen content of male O. erraticus (uninfected and infected 

with B. crocidurae) at various time intervals after feeding. 
 
Proteolytic activity levels in the 

MLC of the uninfected and infected ticks 
were similar (P > 0.05) in each of the 

female and male corresponding 
physiological states examined throughout 
the period of study (Fig. 3). 
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Fig. 3: Proteolytic activity in the midgut lumen content of female and male O. erraticus (uninfected 

and infected with B. crocidurae) at various time intervals after feeding. 
Proteolytic activity level in the 

MLC in each of the uninfected and 
infected female was higher (P < 0.05) 
than in each of the uninfected and 
infected male in the unfed and up  to the 
2nd daf and was similar (P > 0.05) to that 
of the male on the 3rd to the 20th daf  
(Fig. 3).  
Proteolytic activity in the midgut wall 
of mated female and male O. erraticus, 
uninfected and infected with B. 

crocidurae, during blood meal 
digestion: 

The level of proteolytic activity in 
the midgut wall (MW) of each of the 
uninfected and infected mated female 
(Fig. 4) and male (Fig. 5) O. erraticus 
was much higher than that in the midgut 
lumen content (MLC) of each of the 
studied corresponding physiological 
states. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Proteolytic activity in the midgut wall and lumen content of female O. erraticus (uninfected and 
infected with B. crocidurae) at various time intervals after feeding. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 5: Proteolytic activity in the midgut wall and lumen content of male O. erraticus (uninfected and 

infected with B. crocidurae) at various time intervals after feeding. 
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In comparison with the unfed 

controls, the proteolytic activity levels in 
the MW of uninfected female (Fig. 6) 
and male (Fig. 7) increased imm.a.f. and 
on subsequent daf (P < 0.001) to reach 
the highest levels on the 5th and 6th daf in 
the female 196.33±3.28 and 200±2.60 µg 
alanine ×10³/ min/ mg tissue) and the 5th 
to 7th daf in the male (156.80±1.91-
161.23±0.79 µg alanine ×10³/ min/ mg 
tissue) tick. On the 7th daf the proteolytic 
activity in the female MW declined (P < 
0.001) to approach (P > 0.05) its level on 
the 4th daf. Levels of the proteolytic 
activity decreased (P < 0.001) on 20 daf 
(114.63±3.73 and 84.77±1.62 µg alanine 
×10³/ min/ mg tissue) to approach (P > 

0.05) that on the 1st daf and imm.a.f. 
(117.07±1.75 and 83.80±2.10 µg alanine 
×10³/ min/ mg tissue) in the MW of the 
female and male, respectively. 

Changes in the proteolytic activity 
in the MW of each of Borrelia infected 
female (Fig. 6) and male (Fig. 7) 
followed similar patterns to those in the 
uninfected controls. The level of 
proteolytic activity increased (P < 0.001) 
imm.a.f. and on next daf to reach a peak 
on the 6th (189.60±1.72 µg alanine ×10³/ 
min/ mg tissue) and the 5th – 7th daf 
(148.63±0.77 - 153.43±1.11 µg alanine 
×10³/ min/ mg tissue) before declining on 
7 – 20 and 20 daf in the infected female 
and male, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6: Proteolytic activity in the midgut wall of female O. erraticus (uninfected and infected with B. 
crocidurae) at various time intervals after feeding. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Proteolytic activity in the midgut wall of male O. erraticus (uninfected and infected with B. 
crocidurae) at various time intervals after feeding. 
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Proteolytic activity levels in the 
MW of both infected and uninfected 
ticks (Fig. 8) were almost the same up to 
the 1st daf. However, on 2-6 and 2-7 daf 
the activity level in each of the infected 
female and male was lower (P < 0.05) 
than that in the uninfected control on 
each of the corresponding daf. Then the 
levels of activity of both infected and 

uninfected tick in each of the female and 
male approached each other on the 7th 
and 20th daf, respectively. 

Generally, proteolytic activity in 
MW was higher (P < 0.001) in the female 
than male in all the corresponding states 
examined throughout the period of study 
(Fig.8).
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Fig. 8: Proteolytic activity in the midgut wall of female and male O. erraticus (uninfected and infected 

with B. crocidurae) at various time intervals after feeding. 

 
DISCUSSION 

Digestion of 26.30% and 35.28% of 
protein amount in the ingested blood 
meal occurred in the whole gut of O. 
erraticus female and male, respectively 
during a period of 20 days after feeding 
(Yousery, 2011). In the midgut lumen 
content (MLC) the recorded decrease 
(Yousery, 2011) in the amount of protein 
(27.26%, 35.50% in female and male, 
respectively) in the ingested blood meal 
was attributed to either its absorption by 
epithelial cells in the midgut wall (MW) 
or proteolytic digestion in the MLC. 
Uptake of large serum molecules 
(Mendiola et al., 1996) and hemoglobin 
by pinocytosis and other blood large 
components including undamaged 
erythrocytes by phagocytosis has been 
recorded in some histological studies on 
argasid ticks (Sidorov, 1960; Tatchell, 
1962, 1964; Balashov, 1972; Grandjean 
1984). Based on histochemical visible 
changes, parietal digestion was assumed 
to occur first in the narrow peripheral 
zone of the concentrated blood meal 
mass, bordering midgut epithelial cells 
(Balashov, 1972). The presence of 
microvilli, esterases and leucine 
endopeptidase in the apical cytoplasm 
cell membrane bordering the blood mass 
(Tatchell, 1964; Balashov, 1972) 
supported this assumption. 

The present study demonstrated 
proteolytic activity in the MLC and MW 
of mated unfed and fed female and male 
O. erraticus. The detection of proteolytic 
activity in both unfed and fed ticks rules 
out the possibility that the observed 
activity was derived from the host blood. 
In both midgut compartments, protease 
activity increased after feeding to reach 
at their peaks about double times the 
levels in the unfed controls. In O. 
erraticus, proteolytic activity reached its 
peak level on 1 and 1 – 2 daf in the MLC 
and 5-6 and 5-7 d.a.f. in the MW in 
female and male, respectively. An 
increase and upgrading of expression of 
protease activity by feeding have been 
reported in all studies on argasids 
(Tatchell et al., 1962, Tatchell, 1964, 
Akov et al., 1972) and ixodids (Abdul 
Alim et al., 2007; Motobu et al., 2007; 
Franta et al., 2010). However, the 
proteolytic activity in the MLC was 
much lower than that in the MW of the 
corresponding physiological states and 
represented about one fourth and one 
fifth of it at the peaks of activity in 
female and male, respectively. 
Furthermore, a noticeable proteolytic 
activity lasted for a shorter period (3 and 
4 d.a.f. in female and male, respectively) 
in the MLC when compared with that (20 
d.a.f. in female and male) in the MW. 
The early timing (Tatchell, 1964) and 
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short duration of the luminal proteolytic 
activity in comparison with that in the 
MW could minimize its role in digestion 
of blood meal protein (Yousery, 2011) 
which apparently extends for a relatively 
long period after feeding (> 20daf) in O. 
erraticus. Furthermore, the synchrony 
between the decrease in the amount of 
protein in the MLC and its increase in the 
MW (Yousery, 2011) and between the 
peaks of protein amount and the 
proteolytic activity in the MW of O. 
erraticus is consistent with the view of 
the uptake of protein from the MLC and 
its proteolytic digestion in the cells of the 
MW. These findings conform to the 
concept of intracellular digestion of 
blood meal proteins in the MW, but they 
do not exclude a probable occurrence of 
extracellular proteolytic digestion in 
midgut lumen even at a narrow scale. 
Evidence of extracellular proteolytic 
digestion have been provided by some 
investigations in ticks. Balashov (1972) 
suggested a combination of intracellular 
and lumen digestion and assumed a 
parietal digestion of blood meal 
involving esterases and endopeptidases 
as was aforementioned. Also, Balashov 
(1972) suggested that detachment of 
digestive and secretory cells into the 
midgut lumen greatly increases the active 
area of digestion and produces a more 
uniform enzymatic effect on the entire 
ingested blood mass in addition to the 
intermixing caused by gut peristalsis. On 
the other hand, Tatchell (1964) reported 
that the weak acid reaction (pH 6.3-6.5) 
of Argas persicus gut lumen and the 
weak alkaline reaction (pH 7.2-7.6) in 
Ixodes ricinus exclude the leucine 
endopeptidase from protein splitting in 
the lumen since the enzymatic activity is 
limited to pH 2-4.5. Tatchell (1964) 
concluded that digestion in ticks is 
exclusively intracellular. In a 
histochemical study on blood digestion in 
the ixodids Boophilus microplus and 
Rhipicephalus appendiculatus, Agyei et 
al. (1991) observed the detachment and 

disintegration of secretory cells with 
lysosomal hydrolase activity into the 
midgut lumen. The pattern of appearance 
of these cells paralleled the reported level 
of protease activity in the midgut lumen. 
The disintegrating cells were considered 
to function as holocrine secretory cells. 
Tatchell (1964) considered that luminal 
contents of the tick consisted of 
unchanged food material but Boctor and 
Araman (1971) studying the MLC of 
Argas persicus and A. arboreus found 
high levels of amino acids in the MLC 
and concluded that these resulted from 
the breakdown of blood meal protein in 
the lumen. The amino acid patterns in the 
gut contents and the vertebrate host 
(pigeon) serum were dissimilar (Boctor, 
1972). Grandjean (1984) concluded that 
possible conversion to haemichrome 
crystals in the midgut lumen of O. 
moubata could indicate hemoglobin 
crystals to get enzymatically attacked and 
to loose their globin moieties. 
Furthermore, the pH optima have been 
determined for activity of some proteases 
which are involved in blood meal 
digestion in ticks. Hernandez et al. 
(2000) identified a neutral protease 
activity in the midgut of Boophilus 
microplus. The maximum activity was 
attained at pH 6. Also, a multifunctional 
cysteine protease with optimum pH of 5 
was mainly expressed in the midgut 
epithelium and was specifically localized 
in the lysosomal vacuoles and possibly 
released into the gut lumen in 
Haemaphysalis longicornis (Tsuiji et al., 
2008). On the other hand, proteolytic 
activity have been detected and 
proteinases have been identified in the 
midgut of fed ticks showed optimal 
activities at acidic pH range of about 3-5 
in argasid (Tatchell, 1964; Tatchell et al., 
1972; Akov et al., 1976; Akov, 1982; 
Grandjean, 1984) and ixodids (Bogin and 
Hadani, 1973; Vundla, 1992; Mendiola et 
al., 1996; Mulenga et al., 1999; 
Boldbaatar et al., 2006; Horn et al., 
2009). Generally, previous studies 
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demonstrated that the main digestive 
proteinases are rather similar to 
mammalian cathepsin D which is an 
aspartic proteinase (Coons et al., 1986). 

The present study showed that 
proteolytic activity in MLC of O. 
erraticus noticeably increased imm.a.f. 
and subsequent 3 and 4 daf with peak 
activity on 1 and 1-2 d.a.f. before 
declining to reach a level similar to that 
in the unfed female and male, 
respectively. The short period and early 
timing of the rapid increase of luminal 
proteases to peaks which preceded the 
noticeable gradual increment and peaks 
of proteolytic activity in MW on 5-6 and 
5-7 daf in female and male tick, 
respectively, may suggest an integration 
between the function of proteases in the 
two midgut compartments. Also the 
previous results may point to a probable 
hemolytic function of the proteolytic 
activity in the MLC of O. erraticus. 
Generally, very little information is 
available about the hemolytic enzymes in 
the initial phase of digestion in ticks and 
especially in argasids. Agbede and Kemp 
(1985) found that certain secretory cells 
(s1) secrete a glycoprotein which may be 
a hemolysin in the gut caeca of 
Boophilus microplus. Tatchell (1964) 
also observed a saliva fast PAS positive 
material which was suggested to be 
hemolysin in the gut lumen of Argas 
persicus. In Rhipicephalus 
appendiculatus, Walker and Fletcher 
(1987) found an epithelial cells secreting 
a glycoprotein with acid phosphatase 
activity into the lumen of the gut caeca 
where it may act as a hemolysin. 
Recently (Miyoshi et al., 2004, 2007) a 
hemolytic serine proteinase, HlSP, was 
identified from Haemaphysalis 
longicornis midgut and its luminal 
contents indicating that HlSP is 
extracellularly secreted. This enzyme 
displayed optimal activity at pH 6.0 
which is more close to the pH in the 
midgut (around pH 6) rather than the 

acidic pH in the lysosomes (Miyoshi et 
al., 2004). 

By comparing proteolytic activity 
in each midgut compartment; it was 
found that changes in the level of the 
proteolytic activity in female and male O. 
erraticus followed the same pattern in 
each of the midgut lumen and wall 
throughout the period of the present 
study (20 daf). However, protease level 
was much higher in the female than male 
ticks in the unfed and up to 2 d.a.f. in 
MLC and in all the corresponding 
physiological states examined in the gut 
wall throughout the period of study. 
Also, the brief and shorter peak period 
and the earlier declining of the 
proteolytic activity in each of the MLC 
and MW in the female suggested a faster 
digestion and increasing demands of 
protein required for vitellogenesis in the 
female. 

Infection of O. erraticus with B. 
crocidurae significantly reduced the 
proteolytic activity levels in the MW of 
most of the corresponding physiological 
states (and insignificantly in MLC). The 
MW proteolytic activity levels at the 
peaks were reduced to about 92.98% and 
95.04% of the value in the uninfected 
female and male, respectively. 
Suppression of the proteolytic activity in 
the MW (and insignificantly in MLC) of 
Borrelia infected O. erraticus was 
associated with a reduction of protein 
digestion in the whole midgut and its two 
compartments (Yousery, 2011). 
Reduction of protease activity has been 
reported in the gut of sand flies infected 
with Leishmania (Schlein and Romano, 
1986; Borovsky and Schlein, 1987; 
Dillon and Lane 1993; Daba, 1997b) and 
in mosquitoes infected with Plasmodium 
(Jahan et al., 1999). Daba et al. (1997a, 
b) found that protease activity and 
protein digestion were only suppressed in 
the arthropod vector (Phlebotomus 
langeroni) by the natural pathogen 
(Leishmania infantum) when feeding on 
blood of the likely vertebrate host 
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(human and dog). No previous work has 
been done on the effect of Borrelia or 
other pathogen on digestion and protease 
activity in the tick vector. 

The uptake and engulfment of B. 
crocidurae into the MW cells of O. 
erraticus by phagocytosis to be enclosed 
within phagosomes and the intercellular 
and intracellular migration of the 
spirochete across the MW have been 
observed by Helmy et al. (1996). Also 
the presence and multiplication of B. 
crocidurae in the MW cells, rupture of 
phagosomes and the release of the 
spirochete (Helmy et al., 1996) might 
affect or interfere with some 
physiological and biochemical processes 
in the cells which lead to a suppression 
of the proteolytic activity and digestion 
in O. erraticus. Proteases are essential 
for tick survival because of their 
involvement in blood digestion and 
mediation of protein metabolism. Their 
suppression interferes with supplying the 
tick body with proteins, amino acids and 
energy required for different vital 
processes. 

In conclusion, findings of the 
present study are consistent with the 
view of intracellular proteolytic digestion 
in the MW, but they do not exclude a 
possible occurrence of extracellular 
proteolytic digestion in the MLC. Further 
studies are needed to clarify the functions 
of the observed proteolytic activity in the 
MLC on plasma proteins, hemoglobin 
and blood cells and to assess changes in 
the pH and amino acids and the effect of 
Borrelia on these processes in O. 
erraticus.   

 
REFERENCES 

Abdul Alim, M.; Tsuji, N.; Miyoshi, T.; 
Khyrul Islam, M.; Huang, X.; Motobu, 
M. and Fujisaki, K. (2007). 
Characterization of asparaginyl 
endopeptidase, legumain induced by 
blood feeding in the ixodid tick 
Haemaphysalis longicornis. Insect 
Biochem. Mol. Biol. 37: 911 – 922. 

Agbede, R. I. S. and Kemp, D. H. (1985). 
Digestion in the cattle tick Boophilus 
microplus: light microscope study on the 
gut cells in nymphs and females. Int. J. 
Parasitol. 16: 35-41. 

Agyei, A. D.; Herbert, I. V. and Runham, 
N. W. (1991). Histochemical localization 
of  acid phosphatase and non-specific 
esterase in the midguts of two species of 
tick, Boophilus microplus and 
Rhipicephalus appendiculatus, as 
determined by light microscopy. 
Parasitology Research. 77(7): 629 – 634.  

Akov, S. (1982). Blood digestion in ticks. In: 
F. Obenchain and R. Galun (Editors), 
Physiology of ticks. Pergamon Press, 
Oxford, pp. 197- 211.  

Akov, S.; Samish, M. and Galun, R. (1976). 
Protease activity in female Ornithodoros 
tholozani ticks. Acta trop. 33: 37 – 52. 

Balashov, Yu. S. (1972). Bloodsucking ticks 
(Ixodoidea)-vectors of  disease of a man 
and animals. Miscellaneous Publications 
of the Entomological Society of 
America, 8: 161–376. 

Balashov Yu. S. and Raikhel, A. S. (1977). 
Ultrafine structure of the intestinal 
region of hungry nymphs of 
Ornithodoros papillipes  (Acarina, 
Argasidae). Parazitologiia. 11(2): 122-8. 

Balashov Yu. S. and Raikhel, A. S. (1978). 
Ultrastructure of the midgut in 
Ornithodoros papillipes (Acarina, 
Argasidae) nymphs in the blood 
assimilation period. Parazitologiia. 
12(1): 21-26. 

Boctor, F. N. (1972). Biochemical and 
physiological studies of certain  ticks 
(Ixodoidea). Free amino acids in female 
Argas arboreus Kaiser, Hoogstraal and 
Kohls (Argasidae) analyzed by Gas-
Liquid chromatograph. J. Med. Ent. 9(3): 
201 – 204. 

Boctor, F. N. and Araman, S. F. (1971) 
Biochemical and physiological studies of 
certain ticks (Ixodoidea). Total free 
amino acids in gut, hemolymph, and 
coxal fluids of Argas (Persicargas) 
Persicus (Oken) and A. (P.) arboreus 
Kaiser, Hoogstraal & Kohls (Argasidae). 
J. Med. Entomol. 8: 525–528.  

Bogin, E. and Hadani, A. 1973. Proteolytic 
enzyme activity in the gut of Hyalomma 
excavatum. Z. Parasitenk., 41: 139-146. 



Proteolytic digestion of blood meal in Ornithodoros erraticus, a vector of B. crocidurae  49

Boldbaatar, D.; Sikalizyo Sikasunge, C.; 
Battsetseg, B.; Xuan, X. and Fujisaki, K. 
(2006). Molecular cloning and functional 
characterization of an aspartic protease 
from the hard tick  Haemaphysalis 
longicornis. Insect Biochem. Mol. Biol. 
36: 25–36. 

Borovsky, D. and Schlein, Y. (1987). 
Trypsin and chymotrypsin-Iike enzymes 
of the sand fly Phlebotomus papatasi 
infected with Leishmania and their 
possible role in vector competence. Med. 
and Vet. Entomol. 1 (3): 235–242. 

Burgdorfer, W. (1976). The epidemiology of 
relapsing fevers. In the biology of 
parasitic spirochetes, R. C, Johnson 
(ed.). Academic press, New York, pp,  
191-200. 

Conn, H. J.; Darrow, M. A. and Emmel, V. 
M. (1960). Staining procedure used by 
the biological stain commission. 2.ed. 
The Williams and Wilkins Company. 
Baltimore. 289 pp.  

Coons, L. B.; Rosell-Davis, R. and 
Tarnowski, B. I. (1986). Blood meal 
digestion in ticks. In: Sauer, J. R. Hair, J. 
A. (Eds.), Morphology, Physiology and 
Behavioral biology of Ticks. Ellis 
Harwood, Wieley, New York. 

Daba, S.; Mansour, N. S.; Youssef F. 
G.; Shanbaky, N. M.; Shehata, M. G. and 
El  Sawaf, B. M. (1997a). Vector-host-
parasite inter-relationships in 
leishmaniasis. I. The effect of 
Leishmania parasites on rate of digestion 
of blood proteins from various vertebrate 
hosts by the sand fly Phlebotomus 
langeroni (Diptera: Psychodidae). J. 
Egypt. Soc. Parasitol. 27(3):629-37. 

Daba, S., Mansour, N. S., Youssef, F. 
G., Shanbaky, N. M., Shehata, M. G. and              
El Sawaf, B. M. (1997b). Vector-host-
parasite inter-relationships  in 
leishmaniasis. II. Influence of blood 
meal from natural vertebrate hosts with 
and without  Leishmania infantum and L. 
major on the proteolytic activity in the 
gut of Phlebotomus langeroni (Diptera: 
Psychodidae). J. Egypt. Soc. Parasitol.  
27(3): 639-49. 

Davis, G. E. and Hoogstraal, H. (1954). The 
relapsing fevers: a survey of the tick-
borne spirochetes of Egypt. J Egyptian 
Public Health Assoc.; 29:139–143. 

Dillon, R. J.  and Lane, R. P. (1993). 
Influence of Leishmania infection on 
blood-meal digestion in the sandflies 
Phlebotomus papatasi and P. langeroni. 
Parasitology Research. 79(6): 492-496.  

Franta, Z.; Frantova, H.; Konvickova, J.; 
Horn, M.; Sojka, D.; Mares, M. and 
Kopacek, P. (2010). Dynamics of 
digestive proteolytic system during 
blood feeding of the hard tick Ixodes 
ricinus. Parasites and Vectors. 3:119. 

Grandjean, O. (1984). Blood digestion in 
Ornithodoros moubata Murray sensu 
stricto Walton (Ixodoidea: Argasidae) 
females. I. Biochemical changes in the 
midgut lumen and ultrastructure of the 
midgut cells, related to intracellular 
digestion. Acarologia journal 25: 147-
165. 

Grandjean, O. and Aeschlimann, A. (1973). 
Contribution to the study of digestion in 
ticks: histology and fine structure of the 
midgut epithelium of Ornithodoros 
moubata, Murray (Ixodoidea, 
Argasidae). Acta trop. 30: 193 – 212. 

Helmy, N. A.; Lotfy, N. and Abd El-
Mohsen, A. (1996). Dynamics of 
Borrelia crocidurae infection in the 
midgut and hemolymph of Ornithodoros 
(P.) erraticus and localization of the 
spirochete in the midgut. Ain. Shams. 
Sci. Bull., 34: 405 – 423.  

Hernandez Alvarez, H. M.; Mendiola 
Martinez, J.; Fernandez-Calienes, A. and 
Valdez, M. (2000). Identification of 
neutral protease in the intestine of 
Boophilus microplus with 
electrophoresis in polyacrylamide gels 
copolymerized with gelatin. Rev. 
Cubana. Med. Trop. 52 (3): 165-9. 

Horn, M.; Nussbaumerova, M.; Anda, M. S.; 
Kova´ rova, Z.; Srba, J.; Franta, Z.; 
Daniel Sojk, D.; Bogyo, M.; Caffrey, C. 
R., Kopa´_cek, P. and Mares, M. (2009). 
Hemoglobin Digestion in Blood-Feeding 
Ticks: Mapping a Multipeptidase 
Pathway by Functional Proteomics. 
Chemistry and Biology 16: 1053–1063. 

Hoogstraal, H. (1985). Argasid and 
nuttalliellid ticks as parasites and 
vectors. Adv. Parasitol. 24: 135-238. 

Jahan, N.; Docherty, P. T.; Billingsley, P. F. 
and Hurd, H. (1999). Blood digestion in 
the mosquito, Anopheles stephensi: the 
effects of  Plasmodium yoelii nigeriensis 



Nawal M. Shanbaky et al. 50

on midgut enzyme activities. 
Parasitology. 119 (6):535-41. 

Johnson, R. C. (1977). The spirochetes. 
Annu. Rev. Microbiol, 31: 89 - 106. 

Kitaoka, S. and Fujisaki, K. (1976). 
Accumulating process and concentration 
ratios of  ingested blood meals in larvae 
and nymphs of ten species of ticks. Natn. 
Inst. Anim. Hlth. Q. 16: 114 - 21. 

Lee, Y. P. an Takahashi, T. (1966). An 
improved colorimetric determination of 
amino acids with the use of ninhydrin. 
Analyt. Biochem. 14: 71 – 77. 

Mendiola, J.; Alonso, M.; Marquetti, M.C. 
and Finlay, C. (1996). Boophilus 
microplus: Multiple proteolytic activities 
in the midgut. Exp. Parasitol. 82:27-33. 

Miyoshi, T.; Tsuji, N.; Islam, M. K.; Kamio, 
T. and Fujisaki, K. (2004). Cloning and 
molecular characterization of a cubilin-
related serine proteinase from the hard 
tick Haemaphysalis longicornis. Insect 
Biochem. Mol. Biol. 34: 799–808.  

Miyoshi, T.; Tsuji, N.; Khyrul Islam, M.; 
Huang, X.; Motobu, M.; Abdul Alim, M. 
and Fujisaki, K. (2007).  Molecular and 
reverse genetic characterization of serine 
proteinase-induced hemolysis in the 
midgut of the ixodid tick Haemaphysalis 
longicornis. 

Motobu, M.; Tsuji, N.; Miyoshi, T.; Huang, 
X.; Khyrul Islam, M.; Abdul Alim, M. 
and Fujisaki, K. (2007). Molecular 
characterization of a blood-induced 
serine carboxypeptidase from the ixodid 
tick Haemaphysalis longicornis. FEBS  
J. 274 (13): 3299 – 312. 

Mulenga, A.; Sugimoto, C. and Onuma, M. 
(1999). Characterization of proteolytic 
enzymes expressed in midgut of 
Haemaphysalis longicornis. Jpn. J. Vet. 
Res. 46 (4): 179-184. 

Pal, U.; de Silva, A. M.; Montgomery, R. R.; 
Fish, D.; Anguita, J.; Anderson, J. F.; 
Lobet, Y. and Fikrig, E. (2000). 
Attachment of Borrelia burgdorferi 
within Ixodes scapularis mediated by 
outer surface protein A. J. Clin. Invest. 
106: 561-9. 

Ribeiro, J. C. M. (1988). The midgut 
hemolysin of Ixodes dammini. J. 
Parasitol., 74: 532-537. 

Schlein, Y. and  Romano, H. (1986). 
Leishmania major and L. donovani: 

effects on proteolytic enzymes of 
Phlebotomus papatasi (Diptera, 
Psychodidae). Exp. Parasitol.  62(3):376-
80. 

Schwan, T. G. (1996). Ticks and Borrelia: 
model systems for investigating 
pathogen-arthropod interactions. Infect. 
Agents Dis., 5: 167-181. 

Sidorov, V. E. (1960). The intestine of 
argasid ticks as a habitat medium for 
Borrelia sogdianum. Zool. Zh 39: 1324-
7. 

Tarasov, V. V. (1999). Argasid tick- borne 
borreliosis. Med. Parasitol (Mosk), 2: 
59-63. 

Tatchell, R. J. (1962). The digestion of blood 
proteins by the tick, Argas persicus. 
Parasitology 52: 13P-14P. 

Tatchell, R. J. (1964). Digestion in the tick, 
Argas persicus, Oken. Parasitology 54: 
423-440. 

Tatchell, R. J.; Araman, S. F. and Boctor, F. 
N. (1972). Biochemical and 
Physiological  Studies of Certain Ticks 
(Ixodoidea). Protease activity cycles in 
Argas (Persicargas) persicus (Oken) and 
A. (P.) arboreus Kaiser, Hoogstraal and 
Kohls (Argasidae). Z. Parasitenk.               
39: 345- 350. 

Tsuji, N.; Miyoshi, T.; Battsetseg, B.; 
Matsuo, T.; Xuan, X. and Fujisaki, K.   
(2008). A cysteine protease is critical for 
Babesia spp. transmission in 
Haemaphysalis ticks. PLoS Pathog., 4 
(5): 1 - 14. 

Vundla, R. M. W.; Brossard, M.; Pearson, D. 
J. and Labongo, V. L. (1992). 
Characterization of aspartic proteinases 
from the gut of the tick, Rhipicephalus 
appendiculatus. Insect Biochem. Mol. 
Biol., 22: 405- 410. 

Walker, A. R. and Fletcher, J. D. (1987). 
Histology of digestion in nymphs 
of Rhipicephalus appendiculatus fed on 
rabbits and cattle naive and resistant to 
the ticks. International Journal for 
Parasitology. 17 (8): 1393-1411. 

Yousery, A. (2011). Digestion of blood 
proteins in an ornithodorine tick vector 
of borreliosis (Ornithodoros erraticus). 
M.Sc., Faculty of science, Ain Shams 
University. 

 



Proteolytic digestion of blood meal in Ornithodoros erraticus, a vector of B. crocidurae  51

 
 
 
 
 
 
 
 
 
 
 
 
 

ARABIC SUMMARY 
 

  
 للبوريليا كروسيديورىالناقل  أورنيثودوروس إيراتيكاسالھضم اإلنزيمى المحلل لبروتينات وجبة الدم فى قراد 

  .المسببة للحمى الراجعة فى مصر
  

  ١آيات يسرى محمد – ٢ھالة محمد خاطر – ١نادية حلمى أحمد – ١نوال محمود شنبكى
  .جامعة عين شمس -كلية العلوم  - قسم علم الحشرات  -١

 .جامعة عين شمس -كلية العلوم  - مركز األبحاث والدراسات والتدريب لناقالت األمراض  -٢
  

وى تجويف المعى المتوسط وجدار المعى  روتين فى كل من محت ل للب تم إيضاح النشاط اإلنزيمى المحل
رتفع مستوى ھذا النشاط ٳوقد . المخصبة غير المغذاة والمغذاة  أورنيثودوروس إيراتيكاسالمتوسط إلناث وذكور 

ر راد غي ى مستويات . المغذى بعد التغذية حتى وصل عند أعلى مستوى إلى ضعف المستوى فى الق وتحققت أعل
وى تجويف المعى  ة فى محت النشاط اإلنزيمى المحلل للبروتين فى اليوم األول وفى اليوم األول والثانى بعد التغذي

وى المعى المتوسط/ دقيقة/  ٣ ١٠× ميكروجرام أالنين  ٣٢.٦٣ - ٣١.١٠،  ٤٨بمقدار (المتوسط  ) مجم من محت
ادس وم امس والس وم الخ ى الي ط وف ى المتوس دار المع ى ج ابع ف ى الس امس حت وم الخ دار (ن الي  -١٩٦.٣٣بمق

فى كل ) مجم نسيج جدار المعى المتوسط/ دقيقة/  ٣ ١٠× ميكروجرام أالنين  ١٦١.٢٣ - ١٠٦.٨٠،  ٢٠٠.٣٣
ه فى . ناث والذكور على التوالىٳلمن ا وكان مستوى النشاط اإلنزيمى فى محتوى تجويف المعى المتوسط أقل عن
ع والخمس ج ه الرب تھا وقاربت قيمت ى تمت دراس دار المعى المتوسط فى جميع الحاالت الفسيولوجية المتماثلة الت

ن النشاط اإلنزيمى وبوجه عام كا. نزيمى فى كل من اإلناث والذكور على التوالىمنه عند أعلى مستوى للنشاط اٳل
وى  ة فى محت د التغذي انى بع وم الث ى الي ة وحت ل التغذي ك قب ذكور وذل ه فى ال المحلل للبروتين أعلى فى اإلناث عن
ى  دار المع ى ج تھا ف ت دراس ى تم ة الت يولوجية المتماثل االت الفس ع الح ى جمي ذلك ف ط ك ى المتوس ف المع تجوي

  .المتوسط
ا روتين فى كل من تجويف وجدار المعى وتشابه نمط التغيرات فى مستوى النش ل للب ط اإلنزيمى المحل

ان مستوى النشاط فى  كروسيديورى بالبوريلياالمتوسط لكل من اإلناث والذكور غير المصابة والمصابة  ولكن ك
رة الدراسة  بالبوريلياجدار المعى المتوسط للقراد المصاب  ك طوال معظم فت من (أقل عنه فى غير المصاب وذل

  ).الثانى حتى اليوم العشرين بعد التغذيةاليوم 
ات  ل لبروتين أن الھضم اإلنزيمى المحل رأى ب ا مع ال ا وإتفقت دالالتھ تمت مناقشة النتائج المتحصل عليھ
تبعد وجود دور محتمل للھضم اإلنزيمى  م تس ا ل راد ولكنھ دار المعى المتوسط للق ا ج تم داخل خالي دم ي ة ال وجب

   .يا فى محتوى تجويف المعى المتوسط مما يتطلب مزيداً من البحثالمحلل للبروتين خارج الخال
 

 


