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area and left to solidify for 15 minutes. After growth for approximately 10 days in a
humidified incubator (8% CO. in air, 37°C) colonies were picked with Pasteur pipettes
and transferred to 0.1ml DMEM/HS in microculture plates. After screening for positive
colonies by means of ELISA (paragraph 2.3.7) the cloning method was repeated three

times to ensure monoclonicity.

Cryopreservation of cells

Positive cells were harvested by means of centrifugation at 600xg and the supernatant
was removed. Cells were resuspended in freezing medium to give approximately 10’
cells/ml. Aliquotes of 1ml were put into a sterile 2ml tube with a screw cap and closed
tightly. Cells were frozen slowly by wrapping the tubes in gause and putting them into
a polystyrene foam box. They were left at -74°C for 48h and transferred into liquid

nitrogen.

2.3.3 Sodium dodecyl sulphate polyacrylamide gel electrophoresis of

salivary gland proteins of Hyalomma truncatum

Female prefed H. truncatum ticks (Mkuze, SS-and Zululand, SS+ strains) were dissected
and stored in liquid nitrogen as descibed above. SDS-PAGE was performed as

described by Laemmli (1970).

The stacking gel was composed of 4% acrylamide, 0.1% bisacrylamide and 0.1% SDS
in 0.1M Tris-HCl buffer pH6.8. The separating gel contained 12% acrylamide, 0.3%
bisacrylamide and 0.1% SDS in 0.4M Tris-HCl buffer pH8.8. Each gel was polymerized
by the addition of ammonium persulphate and TEMED at final concentrations of 0.05%

and 0.1% respectively.

The prepared salivary gland supernatants (as described in paragraph 2.3.1) were
dissolved in SDS-reducing buffer composed of 0.05M Tris-HCl pH6.8, 13% glycerol,
1% SDS, 2% DTT and 0.001% bromophenol blue. The samples were heated in a boiling
water bath for 5 minutes and applied onto the gel (80pg protein/well). Low molecular
mass markers from Pharmacia were also applied. The electrophoresis buffer contained

0.02M Tris-HCI pH8.3, 0.1IM glycine and 0.06% SDS. A constant current of 35mA was
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applied until the samples were concentrated in the stacking gel and then adjusted to
45mA for about 5h.

2.34 Electroblotting

Electrophoretic transfer of the proteins on the SDS-PAGE gel, was carried out as
described by Moos et al. (1988). The separated proteins were directly transblotted onto
a PVDF membrane which had been dipped in methanol followed by wetting with
10mM CAPS buffer, pH9.0 for 20 minutes. A Trans-Blot® SD transfer cell (Bio-Rad)
apparatus was used and a current of 0.17A applied for 1h and 45 minutes. The blotted

sheet was air-dried and stored at -20°C.

2.3.5 Immuno- and protein-staining of PVDF membranes

Immuno-staining

The dried PVDF membrane was placed in methanol and then in distilled water. The
mAb anti-(SS-) was diluted 1:5 in incubation buffer which consisted of 1% Elite
skimmed milk powder, 0.05% Tween 20, 20mM Tris-HCI pH7.4 and 0.9% NaCl. The
immunological detection of antigens was done by incubating the membranes with the
mAb anti-(SS-) for 1.5h with gentle agitation. One lane containing Zululand strain (55+)
salivary gland proteins was incubated with hyperimmune serum in incubation buffer
(2:3). The membrane was washed three times with washing solution consisting of 0.1%
Elite skimmed milk powder in 20mM of Tris-buffered saline (TBS) solution at pH7.4
and then incubated with goat anti-mouse peroxidase conjugated IgG (H+L, 1:500
diluted in incubation buffer) for 1.5h. After the membrane was washed three times,
peroxidase conjugate was detected by immersing the membrane into a solution
containing 0.05% 4-chloronaphtol, cold methanol (17% v /v) and 30% H>O, in TBS. The
colour development was terminated by washing with distilled water. The membrane

was air-dried and stored at -20°C.

Protein-staining
One lane of the PVDF-membrane carrying separated salivary gland proteins of (SS-)
strain and the lane with low molecular mass markers, were stained with a solution of

0.25% Coomassie brilliant blue, 5% methanol, 1% acetic acid and 5% distilled water for
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10 minutes. Destaining was achieved by using a solution of 5% methanol, 1% acetic

acid and 5% distilled water. The membrane was left to dry and stored at -20°C.
2.3.6 Amino acid analysis of immunogen

(55-) salivary gland extracts obtained from prefed ticks were subjected to SDS-PAGE
and blotted onto a PVDF membrane. One lane was used for Western blot analysis. The
other lane was stained with Coomassie brilliant blue. The Coomassie stained 70kDa
band, which correlated with the immunoblot pattern of the monoclonal antibody was
excised from the membrane. A piece of the membrane, directly next to the protein was

cut to serve as a blank control for amino acid analysis.

HCI hydrolysis

Amino acid analysis was performed according to the gas phase PICO-TAG method of
Immobilon Tech, 1989. The excised bands were placed in pyrolized hydrolysis tubes
of 6x50mm (Waters PICO.TAG system). The sample tubes were placed into a larger
glass vessel containing 200! of 6M HCI containing 7% thioglycolic acid. The container
was sealed and evacuated after flushing with N, gas and placed in an oven at 110°C

for 24h.

Extraction

After hydrolysis, 50pu of 30% methanol in 0.1M HCl was added to the tubes containing
the samples and vortexed repeatedly over a period of 30 minutes. The extraction was
repeated twice. Hereafter all the samples were dried by adding 10pl of a solution
consisting of 2:2:1 (ethanol:water:triethylamine) to each. After mixing gently the

samples were evaporated under vacuum and derivatized.

Derivatization

Standard derivatization and reverse phase HPLC analysis were performed according
to the Waters Product Bulletin (1984). A volume of 20ul derivatization reagent
consisting of 7:1:1:1 (v/v) ethanol:triethylamine:water:PITC was added to each dried
sample. The mixture was vortexed for a few seconds. The tubes were placed in a
reaction vial and left at room temperature for 20 minutes. It was subsequently placed
under vacuum and allowed to dry thoroughly. The samples were removed and

subjected to HPLC.
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Separation of amino acid derivatives

Volumes of 200ul and 100ul of the PICO-TAG diluent was added to the amino acid
standard mixture and samples respectively and 8pl of the standard mixture and 20pl
of each sample was injected for HPLC analysis. A PICO-TAG column was used to
separate the PTC amino acid derivatives. The following buffer system was used:
buffer A -- 0.14M sodium acetate pH 5.7 and buffer B -- 60% acetonitrile. HPLC was
performed using a wavelength of 254nm and with the buffer gradient as set out in

Table 2.1. Analysis was done by means of System Gold software (Beckman).

Table 2.1 Amino acid analysis HPLC gradient conditions.

Time (min.) Flow (ml/min.) %A %B
00 1.0 90 10
10.0 1.0 49 51
105 1.0 0 100
12.7 15 0 100
13.2 15 90 10
20.7 15 90 10
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2.3.7 Enzyme-linked immunosorbent assay with gut and salivary gland

extracts of ixodid and argasid ticks as antigens

Gut and salivary glands were dissected as described previously (paragraph 2.3.1) from
female argasid and ixodid ticks. Salivary glands of the argasid species were dissected
from adults collected in the field. Supernatants of gut and salivary glands were
prepared as described in paragraph 2.3.1 by sonication and centrifugation at 8000xg in
0.05M glycine buffer pH2.5 which also contained 0.1M NaCl. Samples were left in the
low pH buffer for 10 minutes and then the pH was adjusted to 7.0 with solid Tris. The
preparation of the antigen-coated ELISA plate was performed according to the
principle outlined by Conradie ef al. (1983). The microtitre plate was coated with 0.1ml
antigen at a concentration of 10pg/100pul. The plate was left at 30°C for 1h and dried

under a lamp and fan for 2h.

Blocking buffer (0.5% casein/PBS, pH7.4, 200ul) was applied for 2h to exclude
non-specific binding. After incubation, the plate was washed once (Anthos autowash,
Anthos Labtec Instruments, England) with 0.5% casein/PBS, pH 7 .4 (washing solution)
and the mAb anti-(SS-) was applied to the wells (50ul / well) for 45 minutes. DMEM /HS
was used as a control. The plate was washed three times and the conjugate, goat
anti-mouse IgG (H+L), diluted 1:1000 in washing solution was applied in 50ul
quantities for 30 minutes. The plate was then washed three times with washing
solution. A 0.08mg quantity of H,O, was added to 10ml 0.1M citrate buffer (pH4.5)

containing 10mg OPD. The substrate solution was applied in 50ul quantities.

Colour development was monitored with a Titertek Multiscan MC (Flow Laboratories,
Inc., Helsinski, Finland) at 690nm and 405nm. Another ELISA was performed in the
same manner using the Mouse Immunoglobulin Isotyping Kit (Serotec) to determine

the isotype of the monoclonal antibody.

2.3.8 Invitro enrichment of mAb anti-(SS-)

Weakening signal of the monoclonal antibody necessitated the enrichment of the
antibody hybridoma supernatant. As freezing and lyophilization of IgM leads to a loss

of binding activity, the following in vitro enrichment methods were employed.
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Hybridoma cells secreting the mAb anti-(SS-) directed against the immunogen were
grown in 25cm? and 75cm? culture flasks until monolayers were reached. The cells in
the 75cm? flask were loosened with a Pasteur pipette and transferred to a 200cm? flask
which contained 50ml DMEM /FC + ME. The cells in the 25cm? flask were transferred
to the 75cm? flask. DMEM/FC + ME (12ml) was added to the 75cm? flask and 5ml to

the 25cm” flask. This procedure was pursued every second day for 2 weeks.

After 2 weeks the cells were removed by means of centrifugation (600xg) for 10 minutes

in a Hermle Z320 centrifuge. Sodium azide was added to the supernatant to a final

concentration of 0.02M and stored at 4°C.

Further enrichment of the monoclonal antibody was conducted using a goat
anti-mouse IgG (whole molecule, covalently coupled to agarose) column equilibrated
with PBS pH7.0. A flow rate of 10ml/h was maintained until base line was achieved.
The mAb anti-(SS-) supernatant (50ml) described above was applied onto the column.
Subsequently PBS was used to obtain base line and the monoclonal antibody was eluted
with 0.1M citrate buffer, pH4.5. A solution of Tris (2M) was used to adjust the pH of
the eluted fraction to approximately 7.0 (Gorevic, et al., 1985). The fraction was dialyzed
against borate buffered physiological saline consisting of 0.003M H3BO3 and 0.15M
NaCl at pH 8.0 (Hayzer & Jaton, 1985).

2.3.9 ELISA of enriched monoclonal antibody

ELISA was done with goat anti-mouse IgG (whole molecule) as capture antibody to
determine the presence of antibody in the enriched supernatant. Goat anti-mouse IgG
was treated as described previously (paragraph 2.3.7) in 0.05M glycine buffer pH2.5
with 0.1M NaCl (1:40 dilution) and coated onto a microtitre plate (100ul/well) by
incubation of the plate for 2h at room temperature. Another ELISA was conducted
using crude H. truncatum salivary gland extracts (prepared as described in paragraph

2.3.7) to verify that the enriched antibody still recognized the antigen.
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2.3.10 Partial purification of the antigen recognized by mAb anti-(SS-)

Fractions obtained during HPLC purification of anticoagulants present in the salivary
glands of H. truncatum (paragraph 3.3.7, Figure 3.10, Chapter 3) were assayed by ELISA
for the presence of the antigen recognized by mAb anti-(SS-). Fractions investigated
were 5-15 (retention time 12-45 minutes), 23-30 (retention time 66-90 minutes) and 31-40
(retention time 90-120 minutes). Fractions 1-4 and 16-22 were not included since they
contained the anticoagulants and were used for their further purification.
DMEM /ECS + ME was used as negative control. The enriched mAb anti-(55-) was used
undiluted, except for the case where crude salivary gland extracts were used as antigen,

the supernatant was diluted 2x, 4x, 8x, 16x, 32x, 64x and 128x.
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2.4 Results

A Western blot was done to establish the specificity of the monoclonal for the
immunogen. (S5+) and (S5-) H. truncatum strains were used to determine whether the
immunogen is common in both strains. Immunoblot patterns obtained with the mAb
anti-(SS-) and the salivary gland protein extracts of H. truncatum Mkuze (SS-) and
Zululand (SS+) strains are shownin Figure 2.2. Both strains showed a 70kDa band with

no visible background signals.

Figure 2.2 Western blot analysis of the salivary gland proteins of (S5-) (lane b) and (S5+) (lane ¢)
strains of prefed H.truncatum female ticks probed with mAb anti-(SS-). Coomassie-stained low
molecular mass markers (kDa) are shown in lane a.

Immunoblot patterns also showed a 70kDa protein in salivary gland extracts of the
H. truncatum Zululand (SS+) strain, which were probed with hyperimmune serum
obtained from cattle which are resistant to Sweating-sickness (Figure 2.3). This
Western blot was done to establish whether the 70kDa protein was immunogenic to
the host. It seems that this immunogen also elicits an immune response in the natural
bovine host during infestation, as a protein of similar molecular mass was indeed

recognized by the hyperimmune serum. Several other proteins were also recognized,
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but it is not known whether some of these are also shared in H. truncatum strains and

other species.

Figure 2.3 Western blot analysis of salivary gland proteins of the (SS+) H.truncatum strain probed
with sweating sickness hyperimmune serum (lane a). Lane b and ¢ show protein patterns of
salivary gland extracts stained with Coomassie brilliant blue. Low molecular mass markers were

applied in lane d.
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The amino acid composition of the 70kDa immunogen excised from a
Coomassie-stained PVDF-membrane after transblotting of salivary gland proteins of
the Mkuze (SS-) strain is tabulated below (Table 2.2). The amino acid composition was
determined as it would be useful to compare the data with corresponding
immunogen(s) of other species listed in Table 2.3 for determination of the degree of

conservation.

Table 2.2 Amino acid composition of the 70kDa immunogen of H.truncatum (SS-) strain blotted onto a

PVDF-membrane and recognized by mAb anti-(S5-).

Amino acid Ratio to Leucine
Asx 113
Glx 1.20
Ser 047
Gly 039
His 0.12
Arg 0.75
Thr 0.77
Ala 0.94
Pro 037
Tyr 043
Val 0.79
Met 0.23
Ile 0.34
Leu 1
Phe 040
Lys 0.01
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An ELISA was done to investigate the presence of a shared epitope between the
different strains and tick species (Table 2.3 & Figure 2.4). With respect to the studies
done on ixodid ticks, ELISA results showed no reaction of monoclonal antibodies with
either blood cells or plasma from the sheep host, which argues that the 70kDa antigen
is not derived from the host. The argasid ticks used were collected in the field, therefore
their feeding history is unknown. ELISA studies were done on their salivary glands
rather than on their gut, which might have been contaminated with blood of unknown
host origin. In the case of the argasid ticks an additional control assay with host serum
was not possible, due to the unknown identity of the host. Cross-reactivity is

demonstrated between gut and salivary glands of these species.

Table 2.3 ELISA signals of mAb anti-(55-) compared to background signals of different tick species.
Results are the average of duplicate values + SD. R .evertsi evertsi, R.simus simus, R.nuttali, H.m.rufipes and

A.hebraeum are ixodid ticks and O.savignyi and O.moubata are argasid ticks.

Species Source of antigen A405 A405

mADb anti-(SS-) | DMEM/HS
R. evertsi evertsi Gut 0.6110.001 | 0.1740.006
R. simus simus Gut 0.5940.003 | 0.1740.011
R. nuttali Gut 0.30£0.033 | 0.1040.006
H. m. rufipes Gut 05440.001 | 0.1940.042
A. hebraeum Gut 0.1110.006 | 0.04+0.005
O. savignyi s.g- 0.2740.030 | 0.1040.002
O. moubata S.g. 046+0.024 | 0.10+0.007
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| Figure 2.4 A bar graph of ELISA signals shown in Table 2.3.

The mAb anti-(S5-) was isotyped using the Mouse Immunoglobulin Kit Conjugates
(Table 2.4 & Figure 2.5). The monoclonal was found to be of the IgM isotype.

Table 2.4 Isotyping of mAb anti-(SS-). ELISA signals of the monoclonal antibody were compared with
DMEM/HS. Results are the average of triplicate values = SD.

Sample A405 of conjugates
IgG1 1gG2a TgG2b 1gG3 IgM
(mAb anti-(5S-)) 0.028+0.002 | 0.024+0.002 | 0.054+0.002 | 0.024x0.001 | 0.194x0.029
DMEM/HS 0.023+0.002 0.023+0.004 0.073+0.022 0.025+0.004 0.043+0.008
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I Figure 2.5 A bar graph of ELISA signals presented in Table 2.4. I

Weakening signals of the monoclonal antibody necessitated the enrichment of the
hybridoma antibody supernatant. Sufficiently high signals were subsequently
obtained (Figure 2.6 & 2.7; Table 2.5 & Table 2.6). ELISA signals obtained with goat
anti-mouse IgG (whole molecule) as capture antibody and probed with mAb anti-(SS-)
are shown in Table 2.5. This experiment was conducted to confirm the presence of the

antibodies after in vitro enrichment of the mAb anti-(SS-).

Table 2.5 Determination of the presence of mAb anti-(SS-) by ELISA. Goat anti-mouse IgG (whole
molecule) was used as capture antibody. Results are the average of quadruplicate values + SD and
compared to DMEM/FC +ME.

Sample Absorbance at 405nm
Enriched (mAb anti-(SS-)) 0.115+0.007
DMEM/FC + ME 0.040+0.006
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An ELISA was done using crude H. truncatum salivary gland extracts as antigen.
Extracts were probed with mAb anti-(S5-) in a dilution series to establish if the enriched
monoclonal antibody showed an increased signal against the crude extracts and to
determine a feasible working dilution for the hybridoma supernatant (Figure 2.6). The
prozone effect is clearly visible. IgM which bound monovalently gave lower signals
than IgM diluted to bind divalently. Multivalent binding between antibody and
antigen results in a considerable increase in stability compared to monovalent binding.

There may be a 10’-fold increase when IgM binds antigen in a multivalent manner (Roitt

et al., 1987).

0.200 ~
0.150 -

0.100 -

Absorbance (405nm)

0.050 ~

0.000 T T T T T T T T
1 2 4 8 16 32 64 128

Dilution (1/x)

Figure 2.6 Graph representing the ELISA signal (quadruplicate values + SD) plotted against
dilution of monoclonal antibody (mAb anti-(SS-), solid line). DMEM/FC + ME (dottted line) was
used as negative control. Crude H. truncatum salivary gland extracts were used as antigen.
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In order to detect the 70kDa protein after RPC of salivary gland extracts, an ELISA
was done using pooled fractions 5-15, 23-30 and 31-40 (paragraph 3.3.7, Figure 3.10,
chapter 3). mAb anti-(SS-) recognized both pooled fractions 23-30 and 31-40 (Table 2.6,
Figure 2.7), indicating that the immunogen probably elutes as a broad peak. From the
retention time it can be deduced that the 70kDa immunogen has hydrophobic

properties.

Table 2.6 Immunological probing for the presence of the 70kDa immunogen in RPC fractions by means

of ELISA. DMEM/FC + ME was used as control. Results are the average of quadruplicate values £ SD.

Sample Absorbance at 405nm
Antigen (mADb anti-(S5-)) DMEM/FC + ME
Fractions 5-15 0.061+0.007 0.047+0.004
Fractions 23-30 0.380+0.030 0.124+0.040
Fractions 31-40 0.392+0.060 0.112+0.020
A405
0.400

0.300
0.200

0.100
0.000

Fraction
mADb anti-(SS-)

31-40 ~ DMEM/FC+ME

[ Figure 2.7 A bar graph of ELISA signals given in Table 2.6.
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2.5 Discussion

In a recent study, Spickett et al. (1991) challenged cattle with both (SS5+) and (SS-) ticks.
Their immune response was followed by means of Western blots and an immunogen
of 70kDa was clearly shown in both the strains. The response started to appear on day
5 after tick infestation and intensified as feeding continued. In the current study the
results obtained by Spickett et al. (1991) were corroborated, as the hyperimmune serum
also recognized a 70kDa protein. It seems that the mAb anti-(SS-) described in this
chapter not only recognizes a shared immunogen between the 2 strains of H. truncatum
as well as several other ixodid and argasid species, but that this immunogen also elicits
an immune response in the natural bovine host. Further confirmation of these
hypotheses would make the 70kDa protein a prospective vaccine candidate. The
biological function of the 70kDa immunogen is unknown, but it may probably play an
important role during parasite feeding, because of its conserved nature in the salivary

glands and gut of several tick species.

The cross-reactivity observed between salivary gland and gut components of several
tick species using the mAb anti-(SS-), presents an interesting possibility to develop a
vaccine with a dual effect. Antibody production may be boosted by tick feeding due to
the salivary gland immunogen, while both neutralization of a tick salivary gland
component in the host as well as damage to gut cells in the tick may be achieved by the
resulting immune response. Both strategies of immunization against tick feeding using
naturally transmitted and concealed antigens is simultaneously put into effect. The
cross-reactivity shown by ELISA yielded preliminary data which must be followed by
Western blot analysis of the gut and salivary glands. This is necessary to establish
whether the cross-reactivity observed is due to recognition of a similar protein in these
species, or because of a shared epitope between differing proteins. It is also necessary
to compare the amino acid analysis obtained for the 70kDa protein in (SS-) strain
salivary glands with those obtained after Western blot analysis of the other species
examined. The degree of conservation would indicate whether this protein is of
importance in ticks in general. The amino acids cysteine and tryptophan were not
determined. Cysteine and tryptophan are unstable during HCI hydrolysis. The usual

procedures for cysteine analysis involve conversion to more stable derivatives and for
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tryptophan, hydrolysis with methanesulfonic acid (Yamada et al., 1991). As soon as
more material becomes available amino acid analysis will be repeated using the above

mentioned techniques.

The monoclonal antibody prepared was found to be of the IgM isotype and shows high
specificity of binding to the 70kDa immunogen, with no background binding to other
(SS-) and (SS+) salivary gland proteins. The weakening signals of mAb anti-(SS-)
obtained can be ascribed to some of the following reasons: genetic instability of the
clone which lead toreduced antibody secretion and antigen mutations (Hayzer & Jaton,
1985). The first reason seems most likely, because after in vitro enrichment of the
monoclonal antibody the signal was restored. The agarose column used, namely the
anti-mouse IgG (whole molecule) recognized the constant region of the light x chain of
the IgM to be enriched, as IgMs of mice primarily (295%) contain the x chain, instead

of the A (Roitt et al., 1987).

A Westernblot of these fractions would confirm the presence of the 70kDa immunogen.
The hydrophobic nature of the 70kDa immunogen is similar to that of many membrane
proteins. The prospective vaccine protein should be a surface antigen to be accessible
to host antibodies. As already mentioned in Chapter 1, Willadsen and colleagues
identified a protective antigen of Boophilus microplus ticks, which induced effective
protection in cattle against this parasite. The protective antigen (a 89kDa glycoprotein)
contains many disulphide bonds organized as a series of epidermal growth factor-like
modules and is attached to the plasma membrane of the digestive cell by a glycosyl

phosphatidylinositol anchor (Willadsen et al., 1993).

In this study, a foundation has been laid for the preparation of a cross-reactive vaccine
and further investigationisimperative. This includes the isolation and characterization
of the immunogen, the determination of the N-terminal sequence, the synthesis of an
appropriate primer, and amplification by means of anchor-PCR, followed by cloning

to obtain sufficient quantities for immunization trials.
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Chapter 3

1tion of anticoagulants present in salivary
ds of Hyalomma truncatum

1troduction

variety of organisms obtain nourishment by feeding on hosts, necessitating the
aance of blood flow during this process. Therefore, saliva of blood-sucking
leeches, bats and ticks contain anticoagulant compounds (Waxman & Connolly,
t is assumed that the physical role of anticoagulants and other antihemostatic
in tick saliva is to inhibit extravascular coagulation arising from procoagulants
1 as a result of tissue damage at the site of a tick bite. Due to the fact that
gulants present insalivary glands of ticks play an important role during feeding,
ization of hosts against these factors should have a deleterious effect on the
. of these ectoparasites. The possible effect on the host’s blood coagulation
must be kept in mind however, when the tick anticoagulant is administered as
ae. Furthermore, tick anticoagulants may be useful on a therapeutic level in

ig and maintaining blood flow.

:oagulation comprises a series of proteolytic reactions which terminate in the
in-catalyzed conversion of soluble fibrinogen to an insoluble fibrin clot.
ion of the coagulation cascade through either its intrinsic or extrinsic pathways
in the formation of factor Xa, which subsequently catalyzes the formation of

in (Neeper et al., 1990, Figure 3.1, Table 3.1).

ly, all but the most catastrophic bleeding is rapidly stopped by a process known
1ostasis. First, the injury stimulates platelets to adhere to damaged blood vessels
n to each other to form a plug that can stop minor bleeding. Then, as the platelets
ite, they release several physiologically active substances that stimulate
striction, thereby reducing the blood flow at the injury site. Finally, the
platelets and the damaged tissue initiate blood coagulation -- the body’s

against blood loss (Voet & Voet, 1990).
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Figure 3.1 The blood clotting cascade. Derived from Voet & Voet, 1990. Numbers are explained
in Table 3.1.
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Table 3.1 Human blood clottting factors (Voet & Voet, 1990).

Factor number Common name Factor number Common name

I Fibrinogen VII Antihemophilic factor
II Prothrombin IX Christmas factor

I Tissue factor X Stuart factor

v Ca?* XI Plasma thromboplastin

antecedent
\' Proaccelerin XII Hageman factor
VII Proconvertin XII Fibrin-stabilizing factor

Anticoagulant substances fall into two general classes: inactivators of clotting factors
in the coagulation cascade and promotors of fibrinolysis (Limo et al., 1991). Inhibitors
of platelet activation by collagen (an inital step in normal haemostasis) are also known

(Keller et al., 1993).

A proteolytic enzyme inhibitor with anticoagulant properties in homogenates of
Boophilus microplus larvae, significantly prolonged both the thromboplastin and
prothrombin times. Antithrombin activity was also found in salivary glands and other
tissues of Ornithodoros moubata. Gut extracts and homogenates of whole Ixodes ricinus
contain an inhibitor of thrombokinase (factor Xa). Recently, a serine protease inhibitor
in salivary glands of O. moubata was purified and shown to be specific for factor Xa.
However, little is known of the chemical nature of other tick anticoagulants, their mode
of action and their role in induction of host immunity to tick infestation (Limo et al,

1991).

The most potent and selective inhibitor of thrombin known today is the polypeptide,
hirudin. Its strong anticoagulant activities were recognized more than a century ago
(Meyer et al., 1992). It has been isolated from salivary glands of medicinal leeches and
achieves its strong inhibitory activity by forming a highly stable and specific complex

with thrombin (Kaiser, 1991, Kaiser et al., 1992). Capello et al. (1993) demonstrated that
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the predominant anticoagulant activity from the adult hookworm, Ancylostoma
caninum is an inhibitor of factor Xa. Waxman and Connolly (1993) described an inhibitor
selective for collagen-, ADP- and thrombin-stimulated platelet aggregation, called
moubatin in the soft tick O. moubata. Antistatin (119 amino acids) is present in the
salivary glands of Haementerin officinalis and is a potent specific, reversible slow-tight

binding inhibitor of factor Xa (Hofmann et al., 1992).

Heparin, a glycosaminoglycan, has successfully been used as an antithrombotic agent
for over 40 years (Gray et al., 1993, Amerena et al., 1990). Its mechanism of action
involves the acceleration of antithrombin III mediated inactivation of several serine
proteinases in the coagulation cascade (Vlasuk et al., 1991, Abildgaard et al.,1991). This
anticoagulant is usually given in low doses by subcutaneous injection to prevent
venous thrombosis (prophylactic heparin), in higher doses to treat patients with acute
venous thromboembolism or with acute coronary syndromes (therapeutic heparin)
and in very high doses in patients during open heart surgery. Heparin has the potential
to induce bleeding by inhibiting blood coagulation, by impairing platelet function and

by increasing capillary permeability (Levine, 1992).

While heparin is an effective and well-established agent, substantial opportunities
remain to improve the therapy of disorders caused by thrombosis. Indeed, in certain
clinical circumstances, heparin’s actions may be limited because of neutralization by
several components of the platelet release reaction and its failure to inhibit clot-bound
thrombin. Thrombocytopenia is one of the more frequent adverse effects attributable
to heparin. There is often an early, mild and transient fall in the platelet count shortly
after heparin administration is started. Less common but more severe is the delayed,
large and progressive fall in the platelet count that may be accompanied by widespread
thrombosis, embolism, or both. Bleeding is the major adverse effect of heparin and
occurs with both prophylactic and therapeutic use. Other adverse effects attributed to
heparin therapy are adrenal dysfunction, abnormalities of liver function,

hypersensitivity, osteoporosis and skin necrosis (Amerena et al., 1990).

Low molecular mass heparins (6kDa or less) have antithrombotic effects in animal
models as well as in man and have a longer half-life than heparin (15kDa) (Vlasuk et

al., 1991). The use of low molecular mass heparins has been shown to carry a much
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smaller risk of causing thrombocytopenia. These agents may be used to maintain
anticoagulation while oral anticoagulants are taking effect. Early investigations suggest
that these characteristics of low molecular mass heparins may cause less bleeding
effects, but the latter statements require further clinical verification (Koza et al., 1993,

Gray et al., 1993).

Warfarin, a coumarin derivative is currently the most widely used oral anticoagulant
inNorth America, because of its predictable onset and duration of action and its readily
availability (Brigden, 1992). However, hereditary resistance to warfarin has been
described in rats and humans and is thought to be caused by a decreased affinity of
the receptor for warfarin. Furthermore, there are other drugs that can influence the
pharmacokinetics of warfarin by altering its metabolic clearance or its rate of absorption

from the intestine (Hirsch, 1991).

It can be seen that there are clinical limitations to heparin and warfarin as therapeutic
anticoagulants. For this reason, these limitations have stimulated a search for more
effective therapeutic agents (Fox et al., 1993). Tick anticoagulants may serve as
important substitutes. Thorough investigation and characterization of the
anticoagulants may offer the possibility for recombinant expression of the vaccine and

subsequent high yields.

In the current study, during the search for anticoagulants present in salivary glands of
Hyalomma truncatum, various methods were used for determination of prolongation of
the intrinsic and extrinsic coagulation pathways, as well as inhibition of factor Xa. The

principles of these methods will be outlined in the following paragraphs.

It has been known that bringing blood into contact with negatively charged surfaces,
such as glass or kaolin, initiates clotting via the intrinsic pathway (Margolis, 1958). In
vivo, collagen and platelet membranes have the same effect. The contact system of the
intrinsic pathway consists of four glycoproteins: Hageman factor (XII), prekallikrein,

plasma thromboplastin antecedent (XI) and high molecular mass kininogen (HMK).

Determination of the intrinsic coagulation time was conducted using the

Coagulen-APTT kit which is a two-component reagent kit composed of lyophilized
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partial thromboplastin and a buffer containing optimal concentrations kaolin,
stabilizers and preservatives. After recalcification of plasma and in the presence of a
contact activator (kaolin) and partial thromboplastin, a solid fibrin clot forms in a

specific time.

The extrinsic pathway is initiated by the proteolysis of proconvertin (VII), a process
that can be catalyzed by activated Hageman factor (XIIa) as well as thrombin. Activated
proconvertin mediates the activation of factor Xa and its rate is enhanced by the
presence of phospholipid membrane, Ca®* and tissue factor/thromboplastin (III).
Determination of the extrinsic coagulation time was done using the Coagulen PT kit
which is also a two-component reagent kit, composing of tissue thromboplastin and a

buffer containing optimal concentrations of Ca” ions, stabilizers and preservatives.

Inhibition of factor X was measured by using factor X deficient plasma. If the
anticoagulant inhibits factor X of normal plasma, there will not be sufficient factor X
left to supply the factor X deficient plasma and elongation of clotting time will be
observed. A more sensitive method for the determination of factor Xa inhibition was
used by Waxman et al. (1990). They measured colour development from the hydrolysis
of a peptide-nitroanilide by factor Xa. This method replaced the previous one described

for determination of factor Xa inhibition in the current study.

In order to select techniques for the isolation of anticoagulants, methods used for the
isolation of these inhibitors described in the literature, were considered. Waxman et al.
(1990) isolated the tick anticoagulant peptide (TAP) from crude, soluble extracts of
whole O. moubata ticks, by means of size-exclusion, anion-exchange and reverse phase
chromatography. TAP is an acidic protein with a plI of 4.5 and a molecular mass of
6kDa. Similar techniques were used to isolate an ihibitor selective for
collagen-stimulated platelet aggregation from O. moubata namely moubatin (17kDa)
(Waxman & Connolly, 1993). Purification and characterization of the anticoagulant
present in salivary glands of the ixodid tick, Rhipicephalus appendiculatus was done by
Limo et al. (1991) by means of size-exclusion and ion-exchange chromatography. The
anticoagulant was found to have a molecular mass of 65kDa and a pl in the range of

8.0-8.5.
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In the present study, similar techniques were employed for the isolation of
anticoagulants present in salivary glands of H. truncatum ticks. Microtechniques
namely IEF and size-exclusion chromatography were employed to estimate the pI and
relative molecular mass of the inhibitors before large scale isolation of the

anticoagulants was conducted.

Capillary Electrophoresis (CE) was performed to establish the purity and molecular
mass of the isolated anticoagulants. This method is part of a family of related
techniques employed to perform high efficiency separations of both large and small
molecules, including amino acids, peptides, proteins and nucleic acids. CE employs
capillary tubing within which the electrophoretic separation occurs and has the

following properties: It

e utilizes very high electric field strengths, often higher than 500V /cm

¢ uses modern detector technology such that the electropherogram often resembles a
chromatogram

e has efficiencies in the order of that of capillary gas chromatography or even greater

e requires minute amounts of sample (5-30 pl, 60pg/30pl with the actual injection
volume between 10-50nl).

e is easily automated for precise quantitative analysis

¢ consumes minute quantities of reagents

e isapplicable to a wider selection of analytes compared to other analytical separation
techniques.

e requires little time when compared to traditional forms of electrophoresis. Typical
separation times are between 10 and 30 minutes (Beckman P/ACE™ System 2000
Instruction Manual, 1989).

A diagram of a modern instrument, the Beckman P/ACE™ 2000 series, is illustrated
inFigure 3.2. This fully automated instrument offers computer control of all operations,
pressure and electrokinetic injection, precise temperature control and an advanced heat

dissipation system.

Capillary zone electrophoresis (CZE), also known as free solution capillary

electrophoresis, is the simplest form of CE. The separation mechanism is based on
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Figure 3.2 The basic configuration of the P/ACE Capillary Electrophoresis System (Beckman
P/ACE™ System 2000 Instruction Manual, 1989).

differences in the charge-to-mass ratio. Fundamental to CZE are homogeneity of the

buffer solution and constant field strength throughout the length of the capillary.

CZE utilizes the electrokinetic principles of electrophoresis and electroosmosis and the
P/ACE System 2000 separates sample components within a fused-silica capillary
(20-200pm i.d., Jorgenson & Lukacs, 1983). This type of separation is called high
performance capillary electrophoresis (HPCE). The sample is injected using either
pressure or voltage. Under the influence of high voltage, sample components migrate
differentially through the capillary. As these components pass a window in the
capillary, a wavelength-selectable UV detector monitors the compounds and transmits
a signal to a recorder, integrator or computer. This signal is then plotted graphically in

the form of an electropherogram.

Recently a SDS 200 kit was developed to perform protein separation according to their
molecular mass. This technique is called Capillary Gel Electrophoresis (CGE). In this
case the open tubular capillary must be replaced by coated capillaries and buffer

containing a physical gel (Beckman P/ ACE™ System 2000 Instruction Manual, 1989).

The techniques described above were employed in the present study to purify and
characterize anticoagulants present in the salivary glands of prefed female H. truncatum

ticks. The purified anticoagulants may possibly be used as an alternative approach for
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controlling tick infestation by their neutralization by antibodies. They may also be

useful on a therapeutic level in restoring and maintaining normal blood flow.
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3.2 Materials

All reagents were of analytical grade.

Ticks were obtained from Onderstepoort, Veterinary Research Unit and MEDUNSA,
Dept. of Biology and blood was obtained from a human donor.

Bio-Rad Dye Reagent Concentrate was obtained from Bio-Rad Laboratories, Miinchen,
supplied by S.A. Scientific, R.S.A.

Coagulen APTT, Coagulen PT and factor X deficient plasma were products of Lennon
Diagnostics, Port Elizabeth, R.S.A.
N-methoxycarbonyl-D-norleucyl-glycyl-arginine-4-nitranilide acetate (Chromozym
X) and factor Xa were obtained from Boehringer Mannheim, R.S.A.

IEF Calibration Kit pH 3-10 pharmalyte, low molecular mass markers for SDS-PAGE,
Sephadex G-25 PD-10 columns, the size-exclusion Gel Filtration Calibration Kit
PhastGel SDS-PAGE gels and bulffer strips were products of Pharmacia Fine Chemicals
AB, Sweden, supplied by Organochem, R.S.A.

Micro-spin filter tubes 8000 series (0.45um, cellulose acetate ) were products from Lida
Manufacturing Corporation and obtained from Separations, R.S.A.

GVWEP filters (0.22um) were obtained from Millipore, R.S.A. and used to filter the
HPLC buffers.

A TSK-GEL, DEAE 5PW anion-exchange column (7.5cm x 7.7mm) and a TSK-GEL,
G-3000SWy,, size-exclusion column were obtained from Bioseparations Specialists,
TosoHaas (exclusion 5 x 10°Da), supplied by Separations, RS.A.

The C1s column was a Bondclone (300mm x 3.9mm, capacity of 2mg) and obtained from
Phenomenex, supplied by Separations, R.S.A.

Human apo-transferrin, chicken egg ovalbumin and B-lactoglobulin A (cow’s milk)
were used as standards for anion-exchange chromatography and obtained from Sigma
Chemical Company, supplied by Separations, R.S.A.

An U100P Gel Column containing polyacrylamide and urea (65cm x 100um i.d.) and

silica tubes (50cm x 50um) obtained from Beckman, were used to perform CE.
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3.3 Methods

3.3.1 Bio-Rad protein assay

Salivary glands were dissected from H. truncatum ticks and stored as described in
paragraph 2.3.1. The protein content of the salivary glands was determined by the
Bio-Rad protein assay (Bradford, 1976). Three samples containing 10 salivary glands
of female ticks (prefed for 4-5 days), 10 unfed male and 10 unfed female salivary glands,
were each sonicated by means of a Branson sonifier B-30 (Branson Sonic Power
Company) for 10 pulses in 0.9% NaCl (100ul). Samples were centrifuged in an
Eppendorf microcentrifuge 5414 S at 8000xg and the supernatants were used for
determination of protein content. Several dilutions of bovine serum albumin protein
standard containing 0-100pg/ml were prepared. Quantities (0.8ml) of standards and
appropriately diluted samples were placed in clean, dry test tubes. NaCl (0.9%) was
used as blank. To this, 0.2ml Bio-Rad Dye Reagent Concentrate was added and mixed
several times, but avoiding excess foaming. The absorbance was measured at 595nm

versus reagent blank using a Hitachi U-2000 spectrophotometer.

3.3.2 Bio-assay for the inhibition of the intrinsic blood coagulation
pathway

PBS (20x concentrated) consisted of 2.7M NaCl, 0.05M K(l, 0.03M KH,PO, , 0.15M
Na,HPOQO; in 11 distilled water. The concentrated solution was diluted 20 times and the

pH adjusted to 7.0 before use.

Tensalivary glands of prefed (4-5 days) female ticks, unfed female ticks and unfed male
ticks were sonicated for 10 pulses in PBS, pH7.0 (30ul). Extracts were centrifuged at
8000xg for 10 minutes and supernatants were diluted to 200ul with PBS.

Plasma was obtained by centrifugation of 3.6ml human blood with 0.4ml of an 0.11M
trisodiumcitrate solution at 2700xg for 10 minutes. PBS (50ul) was then added to 50l
of the plasma and incubated for 3 minutes at 37°C. Coagulen APTT (50ul, pre-incubated

at37°C) was added and the mixture was incubated for another 3 minutes. The addition
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of 0.05M CaCl, (50ul, pre-incubated at 37°C) caused coagulation and that time was
taken as the control coagulation time. For determination of the inhibition of the intrinsic
pathway, the experiment was repeated by using crude salivary gland extracts (50pl)
instead of PBS.

Dried fractions collected during reverse phase HPLC chromatography (paragraph
3.3.7) were resuspended in 100ul of PBS. Quantities of 50ul were used in the assay to
obtain duplicate values. A blank separation, performed with no injection of sample,

was also tested to serve as control.

3.3.3 Bio-assay for the inhibition of the extrinsic blood coagulation
pathway

Plasma (50pl, obtained as described in paragraph 3.3.2), was incubated with 50ul of
PBS or 50ul of crude salivary gland extract supernatant for 6 minutes at 37°C. PT
(100pl, pre-incubated at 37°C) was added and clotting time was determined at 37°C.

3.3.4 Bio-assay for inhibition of factor Xa using plasma deficient
factor X.

Salivary gland extracts of prefed H. truncatum female ticks were prepared as described
in paragraph 3.3.2. Normal plasma (50p1l, obtained from a human donor) was added to
the factor X deficient plasma (50pl) and PBS (control) or inhibitor in PBS (50pul). The
mixture was incubated for 6 minutes at 37°C. PT (100ul, pre-incubated at 37°C), was

added to determine clotting time.
3.3.5 Bio-assay for inhibition of factor Xa using a synthetic substrate

Salivary gland extracts of prefed H. truncatum female ticks were prepared as described
in paragraph 3.3.2 in 20mM Tris-HCl, 0.15M NaCl, 0.1% BSA buffer, pH7 4. A dilution
series of salivary gland extracts was prepared. The enzyme, factor Xa was diluted in
the latter buffer to 0.2U/ml. The substrate, Chromozym X, was solubilized in sterile
water to a concentration of 1umol/ml. The control assay was performed by adding

150u1 of the above buffer to 50ul of the diluted factor Xa. The mixture was incubated
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for 15 minutes at room temperature, whereafter Chromozym X (50ul of the diluted
substrate) was added. The reaction rate was monitored over 10 minutes at 405nm with
a SLT 340 ATC spectrophotometer (SLT LABINSTRUMENTS) using a kinetic software
cartridge. The reaction was carried out in the zero order area where substrate
concentration was non-limiting. For the tests a dilution series of salivary glands in
buffer was used. Salivary gland, factor Xa mixture was incubated at room temperature
for 15 minutes, whereafter substrate (50ul) was added and the reaction rate measured

as described above.

3.3.6 IEF and size-exclusion chromatography

IEF of prefed female Hyalomma truncatum salivary gland extracts

The techniques of IEF and size-exclusion chromatography were only exploratory and
conducted to estimate the pl and relative molecular mass of the anticoagulants. Female
H. truncatum ticks (prefed for 4-5 days) were dissected to obtain their salivary glands
and stored as described in paragraph 2.3.1. Forty salivary glands were suspended in
extraction buffer (30ul), sonicated (Branson sonifier B-30, Branson Sonic Power
Company) for 10 pulses and centrifuged for 10 minutes in an Eppendorf
microcentrifuge 5414 S at 8000xg. The extraction buffer (according to Small et al., 1990)
contained 0.1M Tris (pH8.5), 0.15% DTT, 15% glycerol (v/v), 5mM sodiumtetraborate,
2mM EDTA, 0.02% Triton X-100 and 0.5% BSA in distilled water.

The IEF gel consisted of 2ml 30% acrylamide/1% bisacrylamide, distilled water (7ml),
2.4ml 50% glycerol (v/v) and ampholytes (0.6ml) that had been degassed for
approximately 5 minutes. Subsequently 10% APS (50ul) and TEMED (20ul) were
added. The gel (1.5mm) was allowed to polymerize and stored overnight at 4°C. NaOH
(25mM) was used at the cathode (upper chamber) and aspartic acid (0.04M) at the anode
(Tsvetkova et al., 1991). The sample was applied to the gel (15ul/well) and
electrophoresis carried out at 200V for the first 1.5h and then adjusted to 400V for

another 1.5h. A Biometra mini-gel apparatus (Omniscience CC) was used.

After electrophoresis was completed, the lanes of the IEF gel were cut into regions of

1cm each. One lane where no sample had been applied, was used as control.
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Elution of proteins from gel strips
The gel strips were placed in micro-spin filter tubes and 200ul of PBS was added to
each tube. They were centrifuged for 1h at room temperature at 8000xg and

supernatants were assayed for anticoagulant activity as described in paragraph 3.3.2.

Determination of pH in gel strips
The strips of one lane in the IEF gel (with no sample applied) were placed in test tubes
containing 1ml deionized water and shaken for 2h. The pH of each filtrate was

determined with a Zeiss pH meter 300.

Desalting and lyophilization of filtrates after elution from gels

Sephadex G-25M PD10 columns were equilibrated with deionized water (25ml). The
filtrates with anticoagulant activity were diluted to 2.5ml with deionized water and
applied onto the column. The first 2.5ml of the eluent was discarded and the proteins
were eluted with deionized water (3.5ml) and lyophilized. The desalting column was

washed with 0.02% NaN3 in 0.1M NaH,;PO4.H,O buffer (pH6.7) and stored at 4°C.

Size-exclusion HPLC of desalted, lyophilized samples

Samples were dissolved in 100l of 0.1M NazPO4.H,O buffer (pH6.7) which had been
filtered through a 0.22um membrane. They were applied to the size-exclusion HPLC
column and the above mentioned buffer was used for elution at a flow rate of
0.5ml/min. A size-exclusion Gel Filtration Calibration Kit was used for standardization
and fractions were monitored at 230nm.

Desalting, lyophilization and bio-assay of anticoagulant activity after size-exclusion
chromatography

Peaks collected during size-exclusion chromatography were desalted as described
above, lyophilized and stored at 4°C. The bio-assay for anticoagulant activity was
conducted as described in paragraph 3.3.2, after addition of PBS (100ul) to each sample.
The procedure of IEF and size-exclusion chromatography was repeated to confirm
results. Since low yields were obtained after elution of proteins from the gel, it was
decided to purify the anticoagulants by means of reverse phase and anion-exchange

chromatography (Tsvetkova et al., 1991).
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3.3.7 Reverse phase chromatography

A Cyg column was first equilibrated with buffer B (60% acetonitrile in 0.1% TFA) and
then with buffer A (0.1% acetonitrile and 0.1% TFA) which had been filtered through
0.22pm membranes and then degassed. The salivary glands of 20 female
H . truncatum ticks (prefed for 4-5 days) were sonicated in 100ul of buffer A and
centrifuged at 8000xg for 10 minutes. The supernatant was filtered through a 0.22pm
membrane and applied in quantities of 100pul onto the HPLC column. Bovine serum

albumin (0.6mg/100pl buffer A) was used as standard.

A gradient of acetonitrile (0.1-60%) was applied over 110 minutes (Table 3.2). The flow
rate was 1ml/min. and the absorbance monitored at 230nm. Fractions of 3ml each were
collected. The samples were dried in a speedy-vac (Bachofer, vacuum concentrator)
and assayed for anticoagulant activity as described in paragraph 3.3.2 and 3.3.5. A
blank separation, performed without injection of sample, was also assayed to serve as

control.

Table 3.2 Reverse phase chromatography conditions.

Time Flow %A %B Duration
(min.) (ml/min.) (min.)

0.0 1 100 0 10.0

10.0 1 0 100 110.0

1200 1 0 100 15.0

135.0 1 100 0 0.5

1355 1 100 0 20.0

1555 end

3.3.8 Anion-exchange chromatography

Fractions collected from the HPLC reverse phase column, which showed anticoagulant
activity were resuspended in 20mM Tris-HCI, pH8.0 (100ul). The samples were filtered

through a 0.22pum membrane and applied onto the HPLC anion-exchange column. A
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solutions of human apo-transferrin (0.635mg/ml), chicken egg ovalbumin
(0.745mg/ml) and bovine B-lactoglobulin A (0.7mg/ml) in 20mM Tris-HCl, pH8.0 were

used as standard.

An anion-exchange column was first equilibrated with buffer B (20mM Tris-HCl, 0.5M
NaCl, pH8.0) and then with buffer A (20mM Tris-HCl, pH8.0). Both buffers were
filtered through 0.22um membranes and then degassed. A gradient of NaCl was
applied over 10 minutes as set out in Table 3.3. The flow rate was 1ml/min. and the
absorbance monitored at 280nm. Fractions (1ml) were collected and assayed for factor
Xa inhibition as described in paragraph 3.3.5. Aliquotes of 100ul were taken, 20mM
Tris-HCl, 0.15M NaCl, 0.1% BSA buffer, pH7 .4 (50ul) and factor Xa (50ul) were added
and incubated for 15 minutes at room temperature. Subsequently Chromozym X (50pl)
was added and the reaction rate was measured as described in paragraph 3.3.5. Ablank
separation was also assayed to serve as control. The samples which tested positive for

factor Xa inhibition were desalted and lyophilized as described in paragraph 3.3.6.

Table 3.3 Anion-exchange chromatography conditions.

Time Flow %A %B Duration
(min.) (ml/min.) (min.)
0.0 1 100 0 5.0
5.0 1 0 100 10.0
150 1 0 100 10.0
250 1 100 0 0.1
25.1 1 100 0 15.0
40.1 end

3.3.9 PhastSystem'"! SDS-PAGE

RPC fractions which showed anticoagulant activity were each resuspended in 20mM
Tris-HCl, pH7.0 (35p1). Sample buffer (10ul) was added which was composed of 0.01M
Tris-HCl, pH8.0, 0.001M EDTA, 1%SDS, 0.01% BPB and 5% ME. The samples were

boiled for 5 minutes in a water bath.
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The prepared samples as well as low molecular mass markers were applied to the
SDS-PAGE PhastGel (8-25% gradient). Separation was conducted at 250V, 10mA and
2.5W for 65Vh using the PhastSystem™ apparatus from Pharmacia Laboratory
Separation Division and a buffer consisting of 0.20M Tricine, 0.2M Tris and 0.55% SDS,
pH7.5.

The gel was silver-stained as described in the Pharmacia Phast System Owner’s

Manual.

3.3.10 Capillary Zone and Capillary Gel Electrophoresis

Capillary Zone Electrophoresis
Buffer A containing Tris, boric acid and EDTA, pH8.35 (Ulfelder et al., 1992) was used

E™ System 2000 instrument. To test the

as separation buffer on the Beckman P/AC
system, a capillary electrophoresis test mixture (Beckman) containing benzoic acid,
p-hydroxybenzoic acid and p-hydroxyphenylacetic acid was applied. Silica capillary
columns (50cm x 50um) were used and absorbances were monitored at 214nm.
Separations were completed within 14 minutes with a current of 36.5mA and a voltage
of 30kV and analysis was done using Beckman System Gold software.The capillary was

regenerated after each run with 0.1M NaOH.

Capillary Gel Electrophoresis

SDS Gelbuffer 200 (Beckman) was used as buffer for the separation on the Beckman
P/ACE™ System 2000. Sample buffer (20pl) containing 0.12M Tris-HCl, 1% SDS,
pH6.6, aninternal standard containing 0.1% Orange G dye (5ul) and 5ul ME were added
to the samples and heated in a boiling water bath for 5 minutes. A standard mixture
(Beckman Test Mix 200) containing proteins of molecular masses of between 29 and
205kDa was used for calibration. A gel column containing polyacrylamide (65cm x
100pm) was installed in a P/ACE cartridge. Separations were completed within 30
minutes at 14.1kV and a current of 25-30nA, using Beckman System Gold software.
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3.4 Results

Protein content of salivary glands of H. truncatum ticks was determined by the Bio-Rad
protein asay (Bradford, 1976) to compare the unfed to the prefed salivary gland protein
content, as it was found that the size, mass and protein content of the salivary glands
of ticks increase dramatically during feeding (McSwainet al., 1982; Neitz & Gothe, 1986,
Oaks et al., 1991). In the case of H. truncatum the increase in salivary gland protein

content of the unfed vs. prefed was found to be more than 25-fold (Table 3.4).

Table 3.4 Protein content of salivary glands of prefed and unfed female and unfed male H. truncatum

ticks. BSA was used as standard. Results are the average of eight values +SD.

Sample Protein concentration
(ng/sg)
Female prefed 83.3+11.7
Female unfed 3.240.3
Male unfed 3.0+0.2

The intrinsic clotting time was determined in the presence of crude H. truncatum
salivary gland extracts using the APTT kit (Table 3.5). The values obtained are the
inhibition by 5 salivary glands. Inhibition was observed in prefed salivary gland

extracts and shown to be more than 22-fold higher than the control.
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Table 3.5 Effect of salivary gland extracts of prefed and unfed female and unfed male H. truncatum ticks
on the inhibition of the intrinsic clotting cascade, using 5 salivary glands per assay. Results are the

average of duplicate values + SD.

Sample Clotting time (s)
Female prefed >750
Female unfed 25.8104
Male unfed 385114
Control 35.313.5

A series of dilutions of the salivary glands of prefed H. truncatum ticks were prepared
and assayed for inhibition of the intrinsic and extrinsic coagulation pathways to
determine the potency of the anticoagulants (Figure 3.3 & 3.4). Inhibition of both
pathways was observed. The minimum protein per assay to achieve 2-fold

prolongation in clotting time was approximately 26jg protein for the intrinsic and

52ug for the extrinsic pathway.
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Figure 3.3 A graph showing the intrinsic coagulation time vs. salivary gland protein of prefed
female H. truncatum ticks. Results are the average of duplicate values + SD. The control time is

shown as a dotted line.
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Figure 3.4 A graph showing the extrinsic clotting time vs. salivary gland protein of prefed female
H. truncatum ticks. Results are the average of duplicate values + SD. The control time is shown
as a dotted line.

Inorder to determine the inhibition of factor Xaby prefed H. truncatum salivary glands,
two assay methods were used. The first assay was done using the factor X deficient
plasma (Table 3.6). The second method which is more sensitive, employed factor Xa
and its substrate, Chromozym X. (Table 3.7). This assay measures inhibition of
hydrolysis of Chromozym X by factor Xa. Percentage inhibition was calculated by
taking the control as 0% inhibition of factor Xa (Capello et al., 1993). Results obtained
for both methods showed that prefed H. truncatum salivary gland extracts inhibit factor

Xa.
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Table 3.6 Inhibition of factor X by salivary gland extracts of prefed female H.truncatum ticks, using the

assay of plasma deficient factor X. Results are the average of quadruplicate values + SD.

Number of salivary glands Clotting time (s)
25 145423
1.25 400414
0 18.940.6

Table 3.7 Percentage inhibition of factor Xa by salivary gland extracts of prefed female H. truncatum ticks,

using factor Xa and its substrate, Chromozym X in the assay. Results are the average of duplicate values

+SD.

Number of salivary glands % FXa inhibition
250 100+0.0
125 95.940.0
0.63 95.240.9
0.30 94.6+0.0
017 87.8+1.9
0.08 71519
0.04 66.742.9

After IEF of prefed female H. truncatum salivary gland proteins, they were eluted from
the gel and regions A1-A7 were assayed for intrinsic anticoagulant activity as shown
in Table 3.8. Proteins in regions A3 (basic pH) and A6&7 (acidic pH) showed
anticoagulant activity which was approximately 3 to more than 5-fold higher than the
control gels. Al as well as its control C1 did not show coagulation after several hours

which is probably due to the high pH in these regions.

Chapter 3 58

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



Table 3.8 Inhibition of the intrinsic blood coagulation pathway by anticoagulants in regions 1-7 of an

IEF gel. One lane, without sample application, was used as gel control (regions C1-C7).

Regions Coagulation Gel control Control pH
time (s) regions coagulation
time (s)
Al * 1 * 9.2
A2 101 C2 74 8.2
A3 160 (6c] 47 7.8
A4 47 C4 67 7.6
A5 66 C5 65 7.2
A6 134 Cé 45 6.4
A7 >420 C7 77 5.2
Plasma control 4312

* no coagulation after several hours

Proteins in regions A3 and A6&?7 that showed anticoagulant activity (Table 3.8) were
applied to a size-exclusion column (Figure 3.6 & Figure 3.7). A Gel Filtration Calibration
Kit containing Ribonuclease A (13.7kDa), Chymotrypsinogen A (25kDa), Ovalbumin
(43kDa) and Blue Dextran 2000 (2 000kDa) was used for standardization (Figure 3.5).
Sodium phosphate buffer (0.1M, pH6.7) was used as elution buffer. A repetition of the

IEF, size-exclusion chromatography and the bio-assays gave similar results.
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Figure 3.5 HPLC of molecular mass marker proteins using a TSK-GEL, G-3000SWxL
size-exclusion column and a sodium phosphate buffer (0.1M, pH6.7) at a flow rate of 0.5ml/min.
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Figure 3.6 HPLC of sample A3 which inhibited the intrinsic coagulation pathway. A TSK-GEL,
G-3000SWxL, size-exclusion column was used with a sodium phosphate buffer (0.1M, pH6.7) ata
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Figure 3.7 HPLC of sample A6&7 which inhibited the intrinsic coagulation pathway, using a
TSK-GEL, G-3000SWxL size-exclusion column with a sodium phosphate buffer (0.1M, pH6.7) at
a flow rate of 0.5ml/min.

Fractions were assayed for anticoagulant activity after size-exclusion chromatography.
A3(2), A6&7(5) and A6&7(6) inhibited the intrinsic blood coagulation pathway --
approximately 2- to 3-fold higher than the control (Table 3.9).

Table 3.9 Determination of the inhibition of the intrinsic blood coagulation pathway by fractions after

size-exclusion chromatography.

Peak number Coagulation time (s)
A3(1) 79
A3(2) 136
A6&7(1) 115
A6&7(2) 85
A6&7(3) 117
A6&7(4) 91
A6&7(5) 163
A6&7(6) 231
Plasma control 62128

The native molecular masses of A3(2), A6&7(5) and A6&7(6) were determined by
plotting log molecular mass (MM) vs. retention time (min.) of the markers as shown in
Figure 3.8 (Engelhardt, et al., 1985). All three samples have an approximate molecular
mass < 15kDa.
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Figure 3.8 A plot of log molecular mass (MM) vs. retention time (min.) of the molecular mass
markers. Anticoagulants, A3(2), A6&7(5) & A6&7(6) have relative molecular masses smaller than
15kDa.

After exploratory investigation by means of IEF and size-exclusion chromatography,
subsequent separation of salivary gland proteins was performed by means of reverse
phase chromatography (Figure 3.9 & 3.10). Fractions (3ml each) were collected,
vacuum-concentrated and assayed for the inhibition of the intrinsic blood coagulation
pathway (Table 3.10) and factor Xa (Table 3.11). Fraction 18 (retention time 51-54 min.,
named RPC(18)) showed inhibition of approximately 3-fold higher than the control.
Fraction 2 (retention time 3-6 min., named RPC(2)) showed 100% inhibition of factor
Xa and RPC(18), 45%. Blank separations were treated and assayed in the same way
and no inhibition was observed. Reverse phase chromatography was repeated several
times using a total of 1000 prefed salivary glands. Similar separation profiles were

observed after each repetition.
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Figure 3.9 Reverse phase chromatography using BSA (0.6mg/100ul 0.1% TFA) as standard. A
gradient of acetonitrile (0.1-60%) was formed over 110 minutes.
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Figure 3.10 Reverse phase chromatography of prefed female H.truncatum salivary gland extracts.
A gradient of acetonitrile (0.1-60%) was formed over 110 minutes and 3ml fractions were collected.
Repetitions of this experiment gave similar chromatograms.
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Table 3.10 The intrinsic clotting times of fractions collected during RPC. Only clotting times of RPC
fractions 16-22 are stated as no inhibition by other fractions was found. Fractions of a blank separation

were also assayed and showed no inhibition. Results are the average of duplicate values + SD.

Fraction no. Retention time Clotting time (s) Control (s)
(min.)
RPC(16) 45-48 7814 59+1
RPC(17) 48-51 96+4 5941
RPC(18) 51-54 195+1 59+1
RPC(19) 54-57 53+4 59+1
RPC(20) 57-60 175+21 59+1
RPC(21) 60-63 11015 631
RPC(22) 63-66 72419 631
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Table 3.11 Inhibition of factor Xa by RPC fractions using factor Xa and its substrate Chromozym X.

Fractions not listed showed no inhibition.

Fraction no. Retention time % FXa
(min.) inhibition
RPC(1) 0-3 14
RPC(2) 3-6 100
RPC(3) 69 6
RPC(17) 48-51 6
RPC(18) 51-54 45
RPC(19) 54-57 29
RPC(20) 57-60 16
RPC(21) 60-63 12
RPC(22) 63-66 1

RPC(2) and RPC(18) (Table 3.11) were applied to Phast SDS-PAGE (8-25% gradient) to
determine their relative molecular masses and their degree of purity. RPC(18) showed
a doublet in the region of 14.4kDa. No bands were detected in the lane containing

RPC(2) which is probably due to insufficient sample applied (Figure 3.11).
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Figure 3.11 A silver-stained Phast SDS-PAGE gel containing RPC(18) and RPC(2) in lane 2 and
in lane 3, respectively. Low molecular mass markers were applied in lane 1.

For further purification of RPC(18) and RPC(2) DEAE HPLC was used. A near base line
separation was achieved using a solution of apo-transferrin (pI 5.9), chicken egg
ovalbumin (pI 4.6) and B-lactoglobulin A (pI 5.14) as standards (Figure 3.12). RPC(18)
and RPC(2) were separated into several fractions (Figure 3.13 & Figure 3.14
respectively) and assayed for factor Xa inhibition (Table 3.12 & Table 3.13 respectively).
DEAE18(14) and DEAE2(15) showed the highest inhibition of factor Xa.
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Figure 3.12 Anion-exchange HPLC of a standard mixture containing apo-transferrin, chicken egg
ovalbumin and B-lactoglobulin A. A 0.5M NaCl gradient (0-100%) was formed over 10 min.
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Figure 3.13 Anion-exchange HPLC of RPC(18). A 0.5M NaCl gradient (0-100%) was formed over
10 minutes.
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Figure 3.14 Anion-exchange HPLC of RPC(2) using a 0.5M NaCl gradient (0-100%) formed over
10 minutes.

Table 3.12 Inhibition of factor Xa by fractions obtained after DEAE HPLC of RPC(18). All 15 fractions
were assayed but only data of fraction 14 and adjacent fractions are given as no inhibition was observed

in the other fractions. Control values obtained from a blank separation indicated no inhibition. Results

are the average of duplicate values +SD.

Fraction no. Retention time (min.) % FXa Inhibition
DEAE18(11) 10-11 5.710
DEAE18(12) 11-12 93+1.3
DEAE18(13) 12-13 0.610.8
DEAE18(14) 13-14 28.445.6
DEAE18(15) 14-15 0

: 68
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Table 3.13 Inhibition of factor Xa by fractions obtained after DEAE HPLC of RPC(2). All 15 fractions
were assayed but only the data of fraction 15 and adjacent fractions are given as no inhibition was
observed in the other fractions. Control values obtained from a blank separation indicated no inhibition.

Results are the average of duplicate values +SD.

Fraction no. Retention % FXa
time (min.) inhibition
DEAE2(14) 13-14 21.1+14
DEAE2(15) 14-15 57.5+3.2
DEAE2(16) 15-16 17.110.7

Capillary zone electrophoresis was performed to establish the purity of RPC(18) and
DEAE 18(14). A capillary electrophoresis test mixture (Beckman) containing benzoic
acid, p-hydroxybenzoic acid and p-hydroxyphenylacetic acid was applied to assess the
performance of the column (Figure 3.15). DEAE18(14) appeared to be virtually

homogeneous (Figure 3.16).
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Figure 3.15 CZE of the standard Beckman test mixture containing benzoic acid, p-hydroxybenzoic
acid and p-hydroxyphenylacetic acid.
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I Figure 3.16 CZE of DEAE18(14), experimental conditions are described in the text. I

Capillary Gel Electrophoresis was performed to establish the purity and relative
molecular mass of the anticoagulants after RPC and IEC. A mixture, Beckman Test 200,
containing proteins of molecular masses of 29-205kDa was used as standards (Figure
3.17). Using a plot of log molecular mass versus % mobility relative to the internal
standard Orange G, the relative molecular mass of the samples were determined
(Figure 3.18). Percentage mobility was calculated as: retention time of peak (min.)/
retention time of Orange G (min.) x100 (BDH Chemicals Bulletin). RPC (2) showed
components with relative molecular mass between 18.8-40.6kDa (Figure 3.19a),
whereas components of RPC(18) were of molecular mass between 9.6-19.9kDa (Figure
3.19b). DEAE18(14) has a molecular mass of 17kDa (Figure 3.20b) while DEAE2(15)
showed no peak (Figure 3.20a). This could be due to a low protein concentration, or it
might be that the fraction is not a protein, but something similar to for example,

heparin. This matter is discussed in chapter 4.
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Figure 3.17 CGE of the standard Beckman Test mix 200 containing proteins with molecular masses
of 29-205 kDa.
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Figure 3.18 A plot of log molecular mass vs. % mobility of the molecular mass markers relative
to the internal standard Orange G.
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Figure 3.19 a) CGE of RPC(2) b) CGE of RPC(18), experimental conditions are described in the
text.
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Figure 3.20 a) CGE of DEAE2(15) b) CGE of DEAE18(14), experimental conditions are described
in the text.
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3.5 Discussion

In preliminary investigations, two anticoagulants were detected in the salivary glands
of H. truncatum ticks by means of an activated partial thromboplastin test which assays
inhibition of the intrinsic blood coagulation pathway. Size exclusion chromatography
showed that they both have molecular masses smaller than 15kDa, whereas IEF
indicated that one has an acidic plI and the other a basic pI. Because of low yields
obtained when eluting proteins from the gels, it was decided to purify the
anticoagulants by means of RPC and IEC using the information obtained from the

above exploratory experiments (Tsvetkova et al., 1991).

Two fractions collected during RPC showed inhibition of factor Xa. The first one
(RPC(2)) is of hydrophylic nature as it eluted almost immediately with 0.1% TFA
(retention time 3-6min.). The second one (RPC(18)) is of partially hydrophobic nature
as it eluted with acetonitrile (20-23%). Phast SDS-PAGE was done using the above
mentioned fractions to establish their degree of homogeneity. RPC(18) showed a faint
doublet at 14.4kDa with Coomassie staining which was more visible with

silver-staining,.

Like hirudin (a 7kDa protein which inhibits thrombin and isolated from the medicinal
leech, Hirudo medicinalis), the low molecular mass anticoagulants isolated in this study
should have the advantage of lower inmunogenicity in therapeutic use. CZE and CGE
showed that DEAE18(14) was virtually pure after RPC and IEC. Unfortunately no table
of enrichment could be compiled due to the limited amounts of material after the

various isolation steps.

Both anticoagulant fractions collected during IEC (DEAE2(15) and DEAE18(14)) have
acidic pIs and eluted with a high salt gradient. Each showed some loss of anticoagulant
activity after IEC and according to Limoet al. (1991) this may be due to loss of a cofactor.
In contrast, according to CZE, DEAE18(14) eluted at an early stage of the separation
and seems to have a basic pl. This discrepancy could not be attributed to the effect of
extreme pH values on carbohydrate moieties as a similar pH (8.0 vs. 8.35) was used in

both methods. However, separation on the anion-exchange column may be affected by
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factors such as sample interaction with the methacrylate polymer matrix, or partial
precipitation of the sample on the matrix at pH values close to the protein’s pI. RPC(2)
only inhibits factor Xa and not the intrinsic pathway, although factor Xa is at the
junction of the extrinsic and intrinsic blood coagulation pathways. This may be due to

the fact that the assay for inhibition of factor Xa is more sensitive than the APTT test.

According to CGE, RPC(2) and RPC(18) have molecular masses of 18.8-40.6kDa and
9.6-19.9kDa respectively. DEAE18(14) showed a molecular mass of 17kDa, but no peaks
were detected when DEAE2(15) was applied onto the CGE. It might have been that the
protein concentration was too low to observe, or it may not be a protein. If the latter is
the case, it will not be possible to clone with the intention to obtain large amounts of
the anticoagulant. On the other hand, if the amount of anticoagulant obtained from
1000 salivary glands is too low, it is impractical to repeat the isolation on a larger scale,

because of the difficulty to breed, feed or collect larger amounts of ticks.

DEAE and CGE of RPC(18) resulted in the detection of factor Xa inhibitory activity in
a multiple-peak fraction. The multiple peaks may be ascribed to contaminants or due
to different posttranslational modifications. To investigate this phenomenon
components of the main peaks may be analized on SDS-PAGE and by NH»-terminal

sequence analysis to verify whether they are isoforms of each other (Strube et al., 1993).

DEAE18(14) is virtually pure with a low molecular mass of 17kDa which should have
the advantage of lower immunogenicity in therapeutic use, but it might be too small
to elicit an immune response in the host of the ectoparasite. It might be necessary to

couple it to a carrier for this purpose.

The anticoagulants from H. truncatum are probably important in tick feeding, because
they have the capacity to inhibit the clotting cascade at the junction of the extrinsic and
intrinsic pathway (factor Xa) and may thus be crucial for the survival of the tick. Yin
(1974) suggested that the primary target of physiological control of the coagulation
pathway is not thrombin, but rather factor Xa, the main active enzyme in the
prothrombinase complex. Under optimal conditions, inhibition of 1ug of factor Xa
would prevent the generation of 300ug thrombin (Limo et al., 1991). As already

mentioned, the possible effect of the administration of anticoagulants as vaccines
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against tick feeding on the host’s blood coagulation system must be kept in mind. A
side-effect of tick anticoagulants administered to hosts may be bleeding. Furthermore,
if the tick anticoagulants are similar to the host’s natural coagulation inhibitors,
antibodies against the tick anticoagulants will also recognize the natural inhibitor

which would possibly lead to coagulation of the host’s blood.

Since insufficient activity was obtained after IEC, the kinetic properties of RPC(18) was
investigated -- the results of which are presented in Chapter 4. Unfortunately RPC(2)
was also not available in sufficient amounts for further characterization. Kinetic
characterization of the anticoagulants is important for determination of the potency of
the inhibitor. Parameters such as K;, K'm and V'max could indicate the suitability of

the anticoagulant for therapeutic use.
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Chapter 4

Characterization of an anticoagulant isolated
from the salivary glands of Hyalomma
truncatum

4.1 Introduction

Inhibitors of proteinases are present in numerous tissues of animals, plants and in
microorganisms. Their physiological function is the prevention of unwanted
proteolysis. With the exceptions of macroglobulins which inhibit proteinases of all
classes, others inhibit only proteinases belonging to a single mechanistic class

(Laskowski & Kato, 1980, Fritz et al., 1984, Harpel, 1976).

The inhibitor capacity of an organism is especially high towards proteinase digestive
enzymes including those present in lysosomes, which have to fulfil a proteolytic
function within the organism, since they function to inhibit digestive proteinases

whenever they may escape from their natural compartments.

Evidence suggests that inhibitors of proteinases of the plasma cascade pathways
(clotting, fibrinolysis, complement and kinin systems) exert primarily a regulatory
function. They have to prevent activation of these pathways, but should not hinder
local events necessary for repair of damaged blood vessels, lysis of fibrin clots, protein

catabolism and lysis of invading organisms during phagocytosis.

In 1916, heparin was isolated and its potent anticoagulant properties were
demonstrated, but it was observed that heparin exhibits its action only in the presence
of antithrombin III, a main physiological plasma proteinase inhibitor of blood
coagulation (Damus & Rosenberg, 1976). al-Antitrypsin inhibits not only trypsin and
chymotrypsin, but also elastases from various sources. a2-Antiplasmin is capable of
inhibiting various serine proteases, such as plasmin, trypsin, chymotrypsin, kallikrein,

factor Xa, urokinase and tissue plasminogen activator which participate in blood
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coagulation, fibrinolysis and kinin-forming systems (Witt & Lill, 1984; Lill & Bartl,
1984).

As already mentioned in chapter 1 & 2, several protease inhibitors of the clotting
cascade have been demonstrated in tsetse flies, certain insects and mosquito species,
leeches and ticks. In many cases e.g. the ticks, Ornithodoros moubata and Rhipicephalus
appendiculatus, as well as medicinal leeches and the hookworm, Ancylostoma caninum,
these anticoagulant compounds were found to be proteinaceous inhibitors of
proteinases (Waxman et al., 1990; Vlasuk et al., 1991; Meyer et al., 1992; Limo et al., 1991;
Capello et al., 1993). In haematophageous ectoparasites such as ticks, their
anticoagulants have to maintain blood flow at the feeding site to ensure sufficient
ingestion of the blood meal. Several non-proteinaceous anticoagulants existe.g.: EDTA
and citrate which chelate calcium necessary for coagulation, substances like warfarin
which interferes with the biosynthesis of coagulation factors and heparin which
enhances the action of antithrombin III. Di-isopropylfluorophosphate is also an

anticoagulant which inhibits serine proteases.

In this chapter results are presented that describe and characterize an anticoagulant
present in the salivary glands of Hyalomma truncatum. Kinetic characterization was
conducted using Michaelis-Menten kinetics. The action of an inhibitor involves its
binding with some form of enzyme, resulting in a total or partial loss in the ability of
the enzyme to transform substrate into product. There are different types of inhibitors,
differing in their mode of action, namely competitive, noncompetitive, uncompetitive
and irreversible inhibition. Most of the inhibitor proteins from plant, animal and
human tissues and secretions with relative molecular masses between approximately
5000-50 000Da bind tightly but reversibly to their target enzymes (K; 10% - 10°M. In
most cases on the other hand, high molecular mass inhibitor proteins of plasma
(approximately 50 000 - 725 000Da) form irreversible complexes with their target
enzymes (Fritz et al., 1984).

The inhibition of the above mentioned anticoagulant presentin H. truncatumwas found
to be uncompetitive and therefore a short description will be given regarding this type

of inhibitor.
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When an inactive, ternary ESI complex forms only as result of the inhibitor binding to
the ES species, the inhibition is called uncompetitive (Figure 4.1). The inhibitor does
not bind to the free enzyme. Increasing the substrate concentration actually enhances
the effect of the inhibitor, because more of the inhibitor binding ES species is made
available. V'max is lower than Vmax and K'm is lower than Km. When the inhibitor
binds to, and consumes ES, the E + S <=> ES equilibrium is shifted to favour ES
formation and so less substrate is necessary to achieve 50% saturation. Uncompetitive
inhibition is less common in nature, because it is not particularly plausible in general
to suppose that an inhibitor can only exert an effect on the ES complex and not on the

free enzyme (Cornish-Bowden, 1986).

E+S = ES => E+P

+
I

i

ESI
(inactive)

I Figure 4.1 Uncompetitive inhibition. Bohinski (1987)

This chapter presents evidence that the anticoagulant RPC(18), is a proteinaceous
protease inhibitor. Furthermore, some kinetic properties of the inhibitor are reported.
Kinetic characterization is important to determine the potency of the inhibitor and is

necessary to establish whether the anticoagulant will be suitable for therapeutic use.
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4.2 Materials

All reagents used were of analytical grade.

Trypsin attached to polyacrylamide was obtained from Sigma Chemical Company,
supplied by Separations, R.S.A.

Human factor Xa and Chromozym X were obtained from Boehringer Mannheim, R.S.A.
The reverse phase PICO-TAG column (3.9mm x 15cm) used for amino acid analysis
was a product from Waters Chromatographic Division, Millipore Corporation,
Milford, supplied by Microsep, R.S.A.
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4.3 Methods

Trypsin digestion and amino acid analysis of the anticoagulant was conducted to
determine whether the inhibitor is of protein nature. Trypsin immobolized to
polyacrylamide was used to insure easy removal of the insoluble enzyme after

incubation with the anticoagulant.

4.3.1 Trypsin digestion of RPC(18)

Preparation of trypsin immobilized to polyacrylamide
Trypsin attached to polyacrylamide (187U/g) was suspended in deionized water

(10mg/ml) and allowed to stand at 0-5°C for two hours. The insoluble enzyme was

centrifuged at 8000xg for 10 minutes and washed 3 times with 20mM Tris-HCl, 0.15M
NaCl, pH7.4

Preparation of RPC(18) for trypsin digestion

The concentration of RPC(18) was determined at 280nm (Hitachi U-2000) with the
corresponding blank fraction, before it was vacuum concentrated as described in
paragraph 3.3.7. An absorbance unit of 1 at 280nm was taken as 1mg/ml protein (Sober,

1970). The vacuum concentrated sample was resuspended in the above mentioned

buffer to give a concentration of 1.4pg/ml.

Overnight incubation of the anticoagulant with trypsin

Immobilized trypsin suspension (200ul) was added to 200ul of 20mM Tris-HCl, 0.15M
NaCl, pH7 4 in a microfuge tube. A second tube contained 200l of RPC(18) and 200ul
of the trypsin suspension. A third tube contained 200ul of RPC(18) and 200ul of 20mM
Tris-HCl, 0.15M NaCl, pH7 4. The 3 microfuge tubes were incubated at 30°C overnight
while gently shaking. A fourth tube contained 200ul of RPC(18) and 200pl of 20mM
Tris-HCl, 0.15M NaCl, pH7 4 and was left to stand at 4°C overnight to serve as positive

control. Subsequently the samples were centrifuged in an Eppendorf microfuge 5414

S at 8000xg for 10 minutes and supernatants assayed for factor Xa inhibition.
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4.3.2 Bio-assay for inhibition of factor Xa using a synthetic substrate

Aliquotes (50ul) of the above mentioned supernatants were tested for factor Xa
inhibition as described in paragraph 3.3.5. Factor Xa activity was monitored by adding
50ul of 20mM Tris-HCl, 0.15M NaCl, pH7 4 and 100ul of 20mM Tris-HCI, 0.15M NaCl,
0.1% BSA, pH7 4 to 50pl of the diluted factor Xa as described in paragraph 3.3.5.In all

assays the inhibitor concentration was 34ng/well.

4.3.3 Amino acid analysis

Vacuum concentratedRPC(2) and RPC(18) aswell as DEAE2(15) and DEAE18(14) were
each resuspended in 100ul of 20mM Tris-HCI, pH 7.0 and subjected to amino acid
analysis. Blank fractions obtained from a separation performed without a sample
injection, were treated the same way to serve as controls. Amino acid analysis was

performed as described in paragraph 2.3.6.

4.34 Determination of the Km for human factor Xa using a synthetic

substrate

A stock solution of Chromozym X (215uM) was prepared in 20mM Tris-HCI, pH7 4,
0.15M NaCl, 0.1% BSA. Substrate concentrations (200ul aliquotes) used in the
experiment were from 0 to 215uM. The Henri-Michaelis-Menten equation gives the
instantaneous or initial velocity relative to Vmax at a given substrate concentration.
The equation is valid only if V is measured over a short enough time so that substrate
concentration remains essentially constant. This requires that no more than 5% of the
substrate be utilized over the assay period (Segal, 1976). Factor Xa was diluted
accordingly (2.69 x 10°U/50ul). The assay was conducted as described in paragraph
3.3.5, except that no preincubation time of 15 minutes was allowed in some assays.
Factor Xa (50111) was added to each well immediately and the reaction rate monitored
at 405nm over 10 minutes. A Lineweaver-Burk plot was drawn and the Km was
determined from the intercept on the x-axis (x=-1/Km). This value was compared to

the value given in the literature.
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4.3.5 Determination of K'm and V'max of factor Xa in the presence of the

inhibitor.

A Chromozym X stock solution of 71.6uM in 20mM Tris-HCI, 0.15M NacCl, 0.1% BSA,
pH7.4 was prepared. Substrate concentrations (50ul aliquotes) used were from
0-71.6uM. Factor Xa was diluted to 8.95 x 10°U/50ul. RPC(18) was resuspended in the
latter buffer to a concentration of 4ng/well. The molecular mass of the inhibitor was
taken as the average of 9.6-19.9kDa (14.75kDa, Figure 3.19b) and therefore the inhibitor
concentration was 0.27 pmol/well. The assay was conducted as described in
paragraph 3.3.5. Either inhibitor or buffer was added. After incubation of the inhibitor
and factor Xa (15 minutes at room temperature), the different substrate concentrations
(50ul aliquotes) were added and the reaction rate monitored over 10 minutes as
described in paragraph 3.3.5. A repetition of the experiment without preincubation of

the inhibitor with the enzyme gave similar results.

4.3.6 Determination of the inhibition constant (K;)

For the determination of the Kj, a Dixon plot for uncompetitive inhibition was drawn
(Segal, 1976). According to Dixon (1972), the principle of the plot does away with the
sometimes questionable assumption that the amounts of substrate or inhibitor bound
by the enzyme are negligible in comparison with the total amount added. The data
obtained is therefore valid even for cases of high affinity. The substrate concentration
was kept constant at 71.6uM. The inhibitor concentration was varied between
0.04-1.4uM by diluting it with 20mM Tris-HCI, 0.15M NaCl, 0.1% BSA, pH7 4. Factor
Xa was also diluted with the latter buffer to a concentration of 0.002U/ml. Inhibitor
(50ul aliquotes at various concentrations) was added to 100l of 20mM Tris-HCI, 0.15M
NaCl, 0.1% BSA, pH7 .4 and 50ul of the diluted enzyme. (I only binds after E has bound
S). Substrate (50p1) was added and the reaction rate was monitored over 10 minutes at
405nm with a SLT 340 ATC spectrophotometer (SLT LABINSTRUMENTS) using a

kinetic software cartridge.
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4.4 Results

To establish whether the inhibitor was proteinaceous, proteolytic digestion of RPC(18)
was conducted by incubation of the inhibitor with trypsin attached to polyacrylamide
and an overnight incubation at 30°C. Factor Xa inhibition was totally abolished after
the proteolysis. The inhibitor without trypsin still showed 38.3%%3 inhibition of factor
Xa after overnight incubation at 30°C. The anticoagulant that was kept at 4°C overnight
showed 46.5%1 inhibition of factor Xa. Thus, approximately 8% anticoagulant activity
was lost because of the incubation at 30°C, but the remaining activity was totally
destroyed by trypsin digestion (Table 4.1). It can be concluded that RPC(18) is a

proteinaceous protease inhibitor.

Table 4.1 Percentage inhibition of factor Xa by RPC(18) (1.4pg/ml) with and without trypsin digestion
at 30°C.

Sample % Factor Xa inhibition
Trypsin + buffer 0
(30°C overnight)
Trypsin + inhibitor 0
(30°C overnight)
Buffer + inhibitor 38.343
(30°C overnight)
Buffer + inhibitor 46.5+1
(4°C overnight)

A further indication of the proteinaceous nature of RPC(2), RPC(18) and DEAE 18(14)
was obtained through amino acid analysis. There was only enough of RPC(2) and
DEAE 2(15) for amino acid analysis, but not for trypsin digestion. It was concluded that
RPC(18), DEAE 18(14) and RPC(2) were of protein nature as they contain amino acids
(Table 4.2). For DEAE2(15), no amino acids were observed and this data confirmed the
CGE analysis (chapter 3) that it might not be a protein. Since the amount of sample
used for amino acid analysis was not known, it was not possible to calculate the content

on a percentage basis.
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Table 4.2 Amino acid analysis of RPC(2), RPC(18) and DEAE18(14). All ratios were calculated relative to

Leucine. Due to limited amounts of the fractions only one analysis per fraction was performed.

Amino acid RPC(2) RPC(18) DEAE18(14)
Asx 1.89 0.67 1.74
Glx 4388 222 233
Ser 251 1.49 191
Gly 3.01 191 2.00
His 052 0.36 027
Arg 1.20 0.66 055
Thr 0.98 0.92 1.36
Ala 1.73 1.54 1.32
Tyr 047 050 0.15
Pro 0.59 1.61 141

Ile 0 0.04 240
Leu 1 1 1
Phe 0 041 049
Lys 1.06 0.90 1.92
Val 0 0 0
Met 0 0 0

The Km of factor Xa (human) with respect to Chromozym X was determined by plotting

1/V vs.1/Sin a Lineweaver-Burk graph. The intercept at the x-axis is -1/Km. The Km

value was calculated as 3.4x10*M (Figure 4.2).
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Figure 4.2 Determination of Km and Vmax for factor Xa with Chromozym X as substrate. A
Lineweaver-Burk plot showing the value at the x-axis intercept as -1/Km. Results are the average
of quadruplicate values £SD.

The Km, Vmax, K'm and V'max of human factor Xa with respect to Chromozym X was
determined in the absence and presence of the inhibitor RPC(18). The Km and Vmax
was 5.1x10™*M and 51.4pmol/1/min respectively. K'm and V’max was determined as
6.5x10°M and 2.7uumol/1/min., respectively. According to this data the anticoagulant

is uncompetitive (Figure 4.3). A repetition of this experiment without preincubation of
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Figure 4.3 Determination of K'm and V'max for factor Xa with Chromozym X as substrate in the
presence of the inhibitor. Lineweaver-Burk plots in the absence and presence of the inhibitor to
determine Km, Vmax, K'm and V’'max. Results are the average of quadruplicate values +SD.
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factor Xa and the inhibitor confirmed the previous results that the inhibitor is

uncompetitive.

An experiment was conducted using a fixed concentration of substrate and varying the
inhibitor concentration to prepare a Dixon plot in order to determine the inhibition
constant (K;) of the inhibitor (Figure 4.4). Deviations of duplicates were negligible. The
value at the intercept of the x-axis was equalized to -Kj(1+Km/[S]) and K; was

determined as 6.9x10°M.
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Figure 4.4 Determination of the Ki of the inhibitor RPC(18) for the ES complex. A Dixon plot of
1/V vs. [1] for an uncompetitive inhibitor to determine its K according to Segal (1976).
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4.5 Discussion

RPC(18) was characterized as an uncompetitive inhibitor with a K; of 6.9x101° M
calculated from the Dixon plot. In this type of inhibition preincubation of factor Xa
and the inhibitor was not necessary as the inhibitor binds only the ES complex, thus
after the enzyme has bound to the substrate. K'm and V’'max were determined with
and without preincubation of factor Xa and the inhibitor and in both cases
uncompetitive inhibition was observed. The non-parallel Lineweaver-Burk plot may
be ascribed to experimental deviation. According to Cornish-Bowden (1986)
uncompetitive inhibition is very rare, because it is not particularly plausible in general
to suppose that an inhibitor can only exert an effect on the ES complex and not on the
free enzyme. Literature has shown that a K; of 10"M indicates a potent inhibitor with
a high affinity of the inhibitor for the enzyme or in this case the ES complex. Hirudin,
originally isolated from the leech Hirudo medicinalis, binds thrombin with a high affinity
of 20fM. Antistatin, isolated from the Mexican leech Haementeria officinalis, is a
reversible slow-tight binder of factor Xa and has a K; of 3x10"°M for the enzyme and
TAP has a K; of 5x10™"°M (Vlasuket al., 1991). Hirulog ™, synthesized by rational design
using hirudin as a model, inhibits thrombin with K; values in the low nM (Fox et al.,

1993).

The anticoagulant (RPC(18)) was characterized as a proteinaceous protease inhibitor
because of the total abolishment of inhibition of factor Xa after trypsin digestion and
because of the presence of amino acids in this fraction as well as in DEAE18(14). No
amino acids were observed for DEAE2(15). This may be because of too low protein
concentration, but it might have been that DEAE2(15) is something other than a protein
or peptide, e.g. like heparin. Heparin is a glycosaminoglycan, a strongly negatively
charged molecule which consists of a chain of monosaccharides. The existance of tick
anticoagulants other than proteins was suggested by Chinery (1973) who proposed that
sulphated mucopolysaccharides in the salivary glands of H. spinigera ticks may act as

anticoagulants.
The amino acids cysteine and tryptophan were not determined for reasons discussed

in Chapter 2, paragraph 2.5.
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As already mentioned, the anticoagulant (RPC(18)) is an uncompetitive inhibitor of
factor Xa. This inhibitor is unable to bind the enzyme alone, but binds the ES complex.
Taking this into account, it is unlikely that the inhibitor will also inhibit other serine
proteases such as trypsin, since binding of the inhibitor takes place at a different
location than the active site of the enzyme. Proteases might be similar in the active site
regions, but chances of conserved inhibitor binding sequences existing elsewhere on

the frameworks of both factor Xa and trypsin are unlikely.

For further characterization, the anticoagulant activity should be tested for sensitivity
to DTT or iodoacetamide treatment, to tell whether disulphide bonds are essential for
activity. EDTA treatment may suggest whether the inhibitor is a metallo-protein
protease inhibitor. Neuramidase treatment would indicate whether neuraminic acid
moieties are implicated in the anticoagulant activity. The effect of the anticoagulant on
other proteases should also be tested to determine specificity. A comparison of the
amino acid sequence of this new anticoagulant with other inhibitors of serine proteases

may show to which family it is related.

The H. truncatum anticoagulant’s effectiveness in vitro and the fact that it inhibits the
junction of both, the intrinsic and extrinsic coagulation pathways, makes it attractive
to test in various in vivo models of occlusive vascular disease and to test whether it

would interfere with tick feeding and thus disease transmission.
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Chapter §

Concluding Discussion

Because of the development of resistance by ticks to acaricides, the pursuit for tick
antigens which can be used as vaccines to reduce tick infestations has intensified in the
hope of developing anti-tick vaccines. In this study a monoclonal antibody was
prepared which recognizes a 70kDa immunogen present in salivary gland extracts of
H. truncatum ticks. This monoclonal antibody also recognizes a similar protein in
salivary glands and gut of several ixodid and argasid ticks. Shared immunogens may
be involved in the induction of host antibody response but at present, no specific shared
immunogen has been isolated. The cross-reactivity observed between salivary gland
and gut components of several tick species utilizing the mAb anti-(SS-) presents the
interesting possibility to develop a vaccine with a dual effect. Thus, antibody
production may be boosted by tick feeding due to the salivary gland immunogen, while
both neutralization of a tick salivary gland component in the host as well as damage
to the gut cells in the tick may be achieved by the resulting immune response. Thus
both strategies of immunization against tick feeding using naturally transmitted and
concealed antigens is simultaneously put into effect. It needs to be established,

however, if the immunogen is capable of eliciting a protective response in the host.

A component important for tick feeding and which could have potential as a vaccine
against infestation, isolated from H. truncatum ticks, is the anticoagulant DEAE18(14).
It is unknown whether antibodies against the 70kDa immunogen and anticoagulant
will block successful feeding of the tick and transmission of pathogens. Further
investigations are therefore imperative, but this study represents the first phase of an
attempt to identify, isolate and characterize the 70kDa immunogen and anticoagulant

in tick salivary glands with the potential to develop a vaccine against tick feeding.

Tick anticoagulants may have therapeutic use in controlling thrombosis. Heparin,
administered subcutaneously or intraveneously and warfarin as well as aspirin,
administered orally, form the mainstay of current therapy (Amerena et al., 1990;

Eisenberg, 1991). One of the drawbacks of the latter anticoagulants is the risk of
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bleeding (Brigden, 1992). It needs to be established whether the latter problem applies
to tick anticoagulants. The risk of bleeding caused by tick anticoagulants will have to

be evaluated in clinical trials.

In cases where the 7kDa hirudin (administered intraveneously) is the primary cause
of bleeding, the administration of pro-haemostatic agents like prothrombin
concentrates will lead to the formation of thrombin which can readily form a complex
with the circulating hirudin. The administration of this preparation in a rabbit model
of bleeding resulted in a reduced blood loss. Whether monoclonal or polyclonal
antibodies against hirudin could be used to neutralize the inhibitor in vivo, remains to
be carefully evaluated. Normally, the rapid clearance of recombinant hirudin suffices
to manage the haemostatic system so that additional neutralization of hirudin is not

required (Markwardt, 1991).

Concern has been raised as to the comparison of hirudin with established
anticoagulants eg. heparin and coumarin, because of their different modes of action.
Hirudin is substantially different from oral anticoagulants, since it does not interfere
with the biosynthesis of clotting factors. Compared to heparin, hirudin does not require
the presence of endogenous cofactors such as antithrombin III. It differs from heparin
in that it does not cause haemorrhagic side effects at antithrombotically effective doses.
On the other hand, the comparison of hirudinand TAP with RPC(18) seems appropriate
since they are low molecular mass proteins. TAP showed its therapeutic usefulness in
the prevention of acute arterial thrombosis formation in animal models (Schaffer et al.,
1991). It was also found that hirudin showed no interaction with other blood
constituents. Immune or allergic reactions in experimental animals or in man were
absent. This indicates that hirudin is a weak immunogen and the risk of allergenicity
appears to be low (Markwardt, 1991). As RPC(18) is also of low molecular mass the
latter may apply to this anticoagulant. Furthermore, RPC(18) is a very potent inhibitor
of factor Xa due to its low K; value of 6.9x10°M. Recombinant TAP binds to factor Xa
with a K; of 1.8x10"°M (Jordan et al, 1990) and for this reason recombinant expression
of the active anticoagulant would most likely yield an usable therapeutic agent. Only

clinical trials will tell whether this anticoagulant has therapeutic value.
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Summary

A monoclonal antibody (IgM) against salivary gland extracts was prepared. Using
SDS-PAGE and Western blotting it was shown that the antibody recognizes a 70kDa
immunogen present in the salivary glands of both (S5+) and (SS-) Hyalomma truncatum
ticks. This immunogen also elicits an immune response in the natural host during
infestation, since a protein of similar molecular mass was recognized by hyperimmune

serum.

Cross-reactivity was demonstrated between gut and salivary glands of several ixodid
and argasid species by means of ELISA using the monoclonal antibody. This
cross-reactivity, presents an interesting possibility to develop a vaccine with a dual
effect. Antibody production may be boosted by tick feeding due to salivary gland
immunogens, while both neutralization of a tick salivary gland component in the host
as well as damage to gut cells in the tick may be achieved by the resultant immune

response.

An alternative approach to the control of tick infestation may be neutralization of
anticoagulants transmitted during feeding. An anticoagulant present in salivary glands
of H.truncatum ticks was purified and kinetically characterized. In preliminary
investigations, anticoagulants were detected by means of an activated partial
thromboplastin test which assays inhibition of the intrinsic blood coagulation pathway.
Size exclusion chromatography showed that they have a molecular mass lower than

15kDa, whereas IEF indicated that one has an acidic and the other a basic pl.

Purification of one of the anticoagulants was achieved by reverse phase and anion
exchange HPLC. Capillary Gel Electrophoresis showed that it was virtually pure and
has a molecular mass of 17kDa. Regarding the kinetic analysis the inhibitor RPC(18)
was found to be uncompetitive with a K; of 6.9x10"°M. The target of the anticoagulant
is factor Xa, the junction of the extrinsic and intrinsic pathway and may be crucial for
the survival of the tick, making it feasible to investigate the possibility of vaccination
with this antihaemostatic. In addition, tick anticoagulants may possibly have

therapeutic application in controlling thrombosis.
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Opsomming

‘n Monoklonale teenliggaam (IgM) is berei teen speekselklier-ekstrakte van Hyalomma
truncatum. SDS-PAGE en 'n daaropvolgende Westerse klad het getoon dat die
teenliggaam 'n immunogeen van 70kDa herken, wat teenwoordig is in beide (S5+) en
(SS-) H. truncatum stamme. Die immunogeen ontlok ook ‘'n imuunrespons in die
natuurlike gasheer, aangesien 'n protein van soortgelyke molmassa herken is deur
hiperimmuunserum. Kruisreaktiwiteit is gedemonstreer tussen ingewande en
speekselkliere van verskeie ixodid en argasid spesies deur middel van ELISA. Hierdie
gemeenskaplike epitoop of immunogeen tussen ingewands- en speekselklier
komponente maak dit moontlik om 'n vaksien te ontwikkel wat 'n tweeledige effek
mag hé. Teenliggaam produksie word geinduseer tydens bosluis voeding as gevolg
van speekselklier inmunogene, terwyl beide neutralisasie van die bosluis speekselklier

komponentin die gasheer en beskadiging vaningewandselle van die bosluis plaasvind.

Nog ‘'n manier om bosluis infestasie te bekamp, mag wees deur die neutralisering van
antikoagulante wat tydens voeding oorgedra word. ‘'n Antikoagulant teenwoordig in
die speekselkliere van H. truncatum bosluise is gesuiwer en kineties gekarakteriseer. In
voorlopige eksperimente is antikoagulante aangewys d.m.v. die geaktiveerde parsiéle
tromboplastien toets wat inhibisie van die intrinsieke bloedstollingspadweg analiseer.
Gelpermeasie het getoon dat hul kleiner as 15kDa is. Volgens IEF het een van die

antikoagulante 'n suur en die ander 'n basiese pl.

Die suiwering van die antikoagulant is uitgevoer met behulp van omgekeerde fase- en
anioonuitruilings-HDVC. Kapillére jel elektroforese het getoon dat hierdie
antikoagulant feitlik suiwer is met ‘'n molmassa van 17kDa. Die inhibitor RPC(18) is
ook gekarakteriseer as onkompeterend met 'n K; van 6.9X10"°M. Aangesien die
antikoagulant faktor Xa inhibeer tussen die intrinsieke en ekstrinsieke
bloedstollingspadweg, mag dit moontlik essensieel wees vir bosluis voeding en is dit
die moeite werd om dit te evalueer as vaksien teen bosluisvoeding. Verder mag bosluis
antikoagulante ook moontlike terapeutiese waarde hé vir die behandeling van

trombose.
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