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FIG. 3 (I}\?c.iprocall pllogtg l()llv versus 1/s) in the presence of different concentrations of Fraction IEF 4. The trypsin concentration was 7 X 1077 M
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FIG. 4 Replots of the slopes taken from the reciprocal plots (Fig. 3) versus Fraction IEF 4 concentration (Neitz et al., 1981)
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TABLE 3 Amino acid composition®, molecular mass, minimum lethal dose® and isoelectric point of tick egg toxins

Amino acid Réf:f,;ﬁ” H. truncatum B. microplus B. decoloratus A. hebraeum*
Asp 2,08 = 0,03 7,29 + 0,1 44 + 0,1 8,32 7
Thr 1,86 £ 0,03 7,14 £ 0,2 5,43 + 0,05 6,17 6
Ser 2,12 + 0,05 4,33 £ 0,06 3,80 + 0,00 3,9 5
Glu 3,73 £ 0,09 9,61 + 0,09 7,00 = 0,02 9,76 9
Pro 1,58 + 0,03 5,39 = 0,06 4,10 + 0,2 6,85 7
Gly 3,82 + 0,00 7,43 = 0,06 9,54 + 0,5 9,23 9
Ala 2,13 £ 0,06 517 £ 0,04 3,68 = 0,12 4,73 6
Cys 1,18 =+ 0,08 5,35 + 0,05 1,10 = 0,06 2,85 nd
VZI 1,24 + 0,03 6,13 = 0,06 5,26 + 0,06 6,23 5
Met 1,21 * 0,07 mtl mi_ 0,85 nd
Ile 0,76 = 0,06 3,20 £ 0,04 2,63 * 0,09 3,87 8
Leu 1,53 = 0,03 5,39 = 0,02 4,16 + 0,09 5,78 9
Tyr 1,08 = 0,04 3,32 £ 0,04 2,62 £ 0,05 4,23 5
Pge 1,18 = 0,05 3,17 £ 0,04 2,85 £ 0,05 4,01 4
}.:{'s 1,21 + 0,03 9,26 £ 0,06 5,82 li 0,12 9,123 ‘l‘
is 1 |
Arg 1,05 £ 0,4 4,21 * 0,01 2,96 + 0,16 3,87 5
Min mol. mass 2 859 9 251 7 157 10 036 9 802
Mol. mass (multiple)? 5718 27 153 28 629 40 144 9 802
Mol. mass (S.E.g. ° 5016 = 51 26058 = 73 30497 * 82 40 156 + 50 10 000
Mol. mass (SDS) 6518 + 25 27 806 + 49 35908 + 78 40020 = 12 10 000
pIs 5,98 + 0,03 8,32 + 0,4 9,05 £ 0,04 9,19 + 0,01 8,0
MLD/mg 0.6 25 13 13 od

* Expressed as mole ratios with respect to histidine. Values include the mean error. Except for B. decoloratus (single determination) analyses

were performed at Jeast in triplicate
® Calculated from amino acid composition
¢ Neitz et al. (1981)

¢ Nearest multiple in agreement with mol. mass determined by ultracentrifugation

¢ Determined by sedimentation equilibrium centrifugation. Values include the mean error. At least duplicate samples investigated
f Mol. mass according to SDS-PAGE. Values include mean error. Analysis performed at least in quintuple

¢ Isoelectric point from IEF. Values include mean error. Analyses performed at least in sextuple

nd Not determined
mq Minute quantities
MLD Minimum lethal dosage (Viljoen et al. 1985)
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FIG. 6 (a) Dixon plot of enzyme velocity against different inhibitor
concentrations in the presence of constant substrate concentra-
tion (3,9 x 107 M). (b) Replot of Ki ,,, against different
substrate concentrations ranging from 2 to 3?9 X 107*M (Ver-
meulen ez al., 1984)

a non-competitive inhibitor of this enzyme with a Ki =
1,6 uM (Fig. 3 & 4).

Clinical symptoms

No difference was observed between the symptoms
caused by injection of either the crude egg extract or
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FIG. 7 (a) Non-stoichiometric inhibition of trypsin by the protease
inhibitor. (b) Replot of I/(1-a) against 1/a from which Ki
could be determined. Conditions: 1 uM trypsin and BABNA
0,75 mM final concentration (Vermeulen e al., 1984)

purified fractions. The symptoms seen in guinea pigs
which reacted severely atyter administration of the frac-
tions were (1) anorexia and severe hyperaesthesia; (2)
severe generalized hyperaemia of the skin seen particu-
larly on the hairless areas such as the lips and foot pads;
(3) moderate muco-purulent, occulo-nasal discharge;
and (4) a severe mucoid diarrhoea, which immediatelK
prior to death of the guinea pig became haemorrhagic.
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FIG. 9 Detection of proteolytic activity using the linked enzyme assay procedure (Taylor & Andrews, 1983)

known about the role of anti-proteases in tick eggs and in
the life cycle of the tick, the available information will
be discussed in some detail, while a few functions that
have been described for anti-proteases in related and
other fields will be mentioned briefly.

Tick eggs

The variation in the concentration of the anti-protease
from B. microplus was followed throughout the life
cycle of the ticﬁ by measuring its inhibition of trygsin
and chymotrypsin activity (Willadsen & Riding, 1980).
This protein was found to be present in large amounts in
eggs (7-8 % of extractable protein) and in the unfed
larvae (10-12 % of extractable protein). Its concentra-
tion stays relatively constant in the tick egg but falls ve?'
rapidly after the start of the parasitic stage of the life
cycle. It has similarly been reported that the toxicity of
A. hebraeun *;gs for guinea pigs does not change with
age (Neitz e /., 1981). It has been suggested tEat this
inhibitor is important both in the eggs and during the
initial establishment of the tick on its host. Cattle
exposed to the tick under natural conditions exhibit an
immunological response to the inhibitor, suggesting that
it is transferred fromr the tick to the host (Willadsen &
Riding, 1979). The inhibitor also inhibits complement-
dependent lysis of erythrocytes and coagulation of blood
(Willadsen ¢ Riding, 1988,). The large amounts of pro-
tein, roughly 10-12 % of soluble protein from freshly
hatched larvae, transferred to the host, are probably
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required for establishment on the host during the first
critical 24 h after larval attachment (Roberts, 1968). It
therefore appears that this inhibitor could have several
effects on the host that are beneficial to the parasite.

Insects

The presence of protease inhibitors in insect eggs,
larvae and adults is well established (Kang & Fuchs,
1980; Kucera & Turner, 1981). It has been suggested by
Kucera & Turner (1981) that although the role of pro-
tease inhibitors in insect embryogenesis has not been
demonstrated, the well documented roles of proteases
and their inhibitors in developing and differentiating
systems (Holzer & Heinrich, 1980), indicate that these
substances may well play a significant role in the regula-
tion of development and differentiation of insects.
Kucera & Turner (1981), were the first to isolate pro-
tease inhibitors from eggs of insects. They also showed
that the trypsin-inhibiting activity of these inhibitors in
eggs of Hemileuca olivial increases during the latter part
of embryogenesis. Willadsen & Riding (1980) found that
the anti-protease activity of B. microplus eggs stays rela-
tively constant during embryogenesis. The fact that pro-
teolytic activity alters during the embryogenesis of
insects (Kucera & Turner, l97§) suggests a possible role
for naturally occurring inhibitors.

Other sources
It has been suggested that the anti-proteases in avian
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tha fact that some information is not available for a com-
comparison, both show trypsin inhibition with
simular dissociation constants. Since the toxic anti-pro-
teases isolated from the 5 tick species listed in Table 4 all
inhibit trypsin, and in some instances also chymotrypsin,
1t is tempting to suggest that they will Frobably act in a
way similar to that suggested by Willadsen & Riding
(1980) for the protein they isolated from B. microplus.

Non-toxic antiprotease

A protein with anti-proteolytic activity against trypsin,
but with no activity against chymotrypsin and which was
non-toxic to ﬁuinea pigs has been isolated by affinity
chromatography from A. hebraeum tick eggs. This pro-
tein was a competitive inhibitor with a dissociation con-
stant of about 0,255 uM. Stoichiometric studies with
trypsin (Fig. 8) suggest that this inhibitor has 2 binding
sites for trypsin.

It is known that when an inhibitor binds with trypsin
on a trypsin-Sepharose 4B affinity column such as we
have used, the enzyme could possibly catalyse the
¢ vage of a single peptide bond in the anti-protease
majecule (Tschesche, 1974; Laskowski & Sealock,

'l, Goodman & Peanansky, 1982). The fact that the
electrophoretic conditions used by us, which included
SDS and dithiothreitol, showed only one component,
suggests that no modified inhibitor was formed. Affinity
chromatography has also been used successfully to iso-
late mainly native trypsin inhibitor from Ascaris lumbri-
coides (Goodman & Peanansky, 1982). It has, however,
been shown by Viljoen et al. (1984), by column chroma-
tofocusing of a B. decoloratus anti-protease fraction
obtained from a trypsin-Sepharose 4B affinity column,
that the virgin anti-protease was in time converted to a
modified anti-protease. Mills (1985) demonstrated that
this problem could be circumvented by affinity chroma-
to§raphy on a anhydrotrypsin-Sepharose 4B affinity
column (Schin-Ishi, Yokosawa, Kumazaki & Naka-
mura, 1983). Consequently only anhydrotrypsin with no
catalytic activity should be used in affinit cEromatogra—
Ehy of anti-proteases. Viljoen et al. (1g84) observed,

owever, that the toxic anti-protease from B. decolora-
tus did not bind to a trypsin-Sepharose 4B affinity
column even after 24 h incubation on the column. The
fact that the toxin (molecular mass 40 000), was not
bound to trypsin on the affinity column could possibly be
explained by unfavourable steric interactions with the
trypsin-bound Sepharose.

Enzyme kinetics

_ As shown in Table 4, 4 different mechanisms of tryp-
sin inhibition have been observed with the tick anti-pro-
teases. It is important to identify the type of inhibition
and to use the corresponding kinetic velocity equation
derived for the particular type of inhibition. 'Ixhe inetic
constants of proteol%'tic inhibitors are extremely useful in
assessing the possible physiological functions of these
compounds (Bieth, 1980). It is important in the case of
slow or slow tight-bindig inhibition to use the methods
as described by Baici & Gyger-Marazzi (1982) and Mor-
rison (1982). In the case of fast tight-binding inhibition
the method described by Dixon (1972) and Bieth (1980)
should be used instead of the classical Lineweaver &
Burk (1934) methods.

CONCLUSION AND PERSPECTIVES

At this staEe of the investigations there is no evidence
to connect the anti-proteolytic activity of the tick egg
toxins to the toxic symf)toms, immunological properties
or the histopathological lesions observed in guinea pigs.
By directed mutagenesis of the relevant amino acid in the
binding site of the toxins for their particular protease, it
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should be possible to resolve whether the anti-proteolytic
activity plays any role in the toxicity. It is therefore
necessary to determine the amino acid sequence of the
different toxic and non-toxic anti-proteases.

In the case of the toxic anti-proteases and the non-
toxic anti-protease their concentrations during the life
cycle of the tick should be studied. The availability of
the ELISA for the anti-proteases should facilitate a pro-
{ect of this nature. Their role in the establishment of the
arvae on their host should get some attention. It would
be useful to determine the amount and types of pro-
teolytic enzymes produced during the tick’s life cycle to
assess a possible role for the anti-proteases in controlling
these enzyme activities. At this stage of the investigation
it is difficult to draw any conclusions from the functions
described for anti-proteases in other insect eggs,
nematodes, avian eggs, plants and mammalian species in
regard to possible similar functions for the anti-proteases
present in tick eggs.
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