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Detection of Bm86 antigen in different strains of Boophilus microplus and

effectiveness of immunization with recombinant Bm86
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SUMMARY INTRODUCTIO1'1

The control of tick populations by using conventional

strategies poses several problems, including the appear-

ance of organophosphate resistant strains, among others.

The possibility of using alternative strategies such as

vaccination with tick antigel!S has been suggested by
several authors. One particular antigen ( Bm86) has been

described and shown to be able to induc~ a protective

immunity against the cattle tick Boophilus microplus. In
this paper we demonstrate by means of immunohistochem-

ical staining that this antigen is conserved among several

strains of this species. These results correlate with those

showing that animals vaccinated with a preparation of
recombinant Bm86 were protected against challenge with
the four different strains tested, including one resistant to

organophosphates. These results favour the immunization
with recombinant Bm86 for the control of the cattle tick

B. microplus.

Keywords Boophilus microplus. tick. antigen. Bm86,

immunohistochemistry

The ectoparasite Boophilus microplus is a major veter-
inary problem affecting cattle health, as a debilitating
agent itself and as a vector of severe diseases. The
traditional control methods include the use of chemicals
with partially successful results, but this approach has
certain drawbacks such as enVironmental and residue
problems, the high incidence of acaride resistance within
tick populations on the field, and its high cost (Willadsen
& Kemp 1988, Wikel1988). Vaccination with 'concealed'
gut antigens to produce tick gut damage as a means of
tick control has been achieved using the B. microplus
Bm86 glycoprotein (Johnston et al. 1986, Opdebbeck
et al. 1988, Willadsen et al. 1988, 1989, Turnbull et al.
1990, Rodriguez et al. 1994a).

Recently we have expressed the Bm86 antigen at high
level in the methylotrophic yeast Pichia pastoris (Rodri-
guez et al. 1994a). A simple process, easy to scale up and
cost effective for industrial fermentation was established
for the production of a glycosylated and particulate
antigen preparation. Ticks engorging on vaccinated
cattle were significantly damaged as a result of the
immune response against this recombinant antigen
(Rodriguez et al. 1 994a). Further data employing the
Cuban field strain Camcord, showed that under field
conditions the vaccine was able to control tick popula-
tions (Rodriguez et al. 1994b).

In this report We addressed the question ofwhethef gut
epithelium cells from different B. microplus strains are
recognized by antibodies raised against the recombinant
antigen (rBm86). For that purpose, a rapid immuno-
histochemistry procedure was established. Here we
demonstrate that the tick strains so far tested showed a
very strong positive reaction to the rBm86 antiserum.
When the same strains were used to challenge vaccinated
cattle, a similar degree of protection was observed, thus
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Figures 1-4 Results of immunohistochemical
staining on B. microp/us cryosections using a
rabbit antiserum against rBm86 (panels b) or
a preimmune antiserum (panels a). Strains
tested were Cenapa (Figure I ), Tuxpan
(Figure 2), Camcord (Figure 3) and

Yerongpilly (Figure 4).

supporting the use of the rBm86 for immunization to

raise protection in cattle against the tick B. microplus.
SDS-PAGE and Coomassie Brilliant Blue staining

(Harlow & Lane 1988). As a negative control, preimmune

serum was used.

Colloidal gold with an average particle diameter of

15 nm was prepared by controlled reduction of a boiling

solution of 0.01% chloroauril acid with 1% sodium

citrate (Frens 1983). The pH of the gold solution was

adjusted to seven with 0.2 M K2CO3 and the antibodies

solution previously dialysed against 5 mM NaCI was

added until an IgG concentration of 0.0033 jJg/ml gold

solution was obtained as determined by a concentration
variable adsorption isotherm (Roth 1983, De Meij 1983).

After 10 min incubation at room temperature the con-

jugate was stabilized with 1% BSA. The mixture was

then incubated for two h at room temperature and

MA TERIALS AND METHODS

Preparation of labeled antibodies against rBm86

Rabbit antisera to rBm86 from Pichia pastoris (Rodriguez

et al. 1994a) were raised with an initial injection in

Freund's complete adjuvant, followed by booster injec-

tions in Freund's incomplete adjuvant. To isolate specific

antibodies the serum was passed through a column of
pure rBm86 coupled to CNBr activated sepharose

(Harlow & Lane 1988). The antibodies were essentially

pure after elution from the affinity column as shown by
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Figure 2

microp/us females from each strain were frozen in isopen-

tane chilled by liquid nitrogen, transferred to a precooled

freezing vial and stored at -70°C. Transversal sections

with a thickness of 10 Jl,m were made in a cryostat (Leitz

1720) and were collected on slides. Sections were allowed

to air-dry overnight, fixed in acetone for 10min at 4°C and

air-dried for 10min at room temperature.

centrifuged at 35800 x 9 for 45 min. The supernatant was

discarded and the pellet was resuspended in 0.1 M buffered

sodium phosphate, pH: 7.2. The antigen binding activity

was verified by dot blot {Harlow & Lane 1988). Concen-
trated conjugate {AS3Onm = 2'5) was stored at 4°C.

Preparation of frozen tissue sections

Four different strains of B. microp/us were obtained from

the Estaci6n Experimental de Parasitologia, Havana,

Cuba. Strains used were Cenapa (Mexican strain), Tux-

pan (Mexican organophosphate resistant strain, Aguirre

Esponda 1993), Camcord (Cuban field strain), and Yer-
ongpilly (Australian strain). Semi-engorged adult B.

Immunohistochemical staining

The specimen was rinsed in phosphate buffered saline

(PES) for five min at room temperature. The antibody

labeled solution was then added onto the slide in a

volume sufficient to cover the tissue, incubated for
two h at room temperature in a humid chamber and
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3a

3b

Figure

old. They were purchased from cattle tick-free areas. One

group of three was immunized with 100/jg of rBm86

antigen expressed in P. p(l.l"loris (Rodriguez el (11. 1994a)

and the second group was inoculated with 50mM sodium

phosphate, pH 7. All vaccination trials were done by the

intramuscular route. The first injection was given in

Freund's complete adjuvant and the second and third
injections, at fourth and seventh weeks were given in

Freund's incomplete adjuvant. Cattle were infested six
months after the last injection with 1000 B. microplus

larvae of each strain applied individually to each animal

per day during 3 days (Willadsen el al. 1989) in separate
cotton chambers (each animal had simultaneously four

cotton chambers, one for each strain). The cotton

chambers were kept attached to the back of each

rinsed in PBS for 5 min at room temperature. A silver

enhancement solution (IntenSETM BL Silver Enhance-
ment kit. Amersham, UK) was added to the ~ample~. The

appearance of staining was monitored continuously

under the microscope. The silver enhancement was

stopped by gently rinsing the specimen in distilled

water. Samples were then dehydrated by passing them
through graded alcohols. 5 min each in 70%. 80%, 95%
and 100% ethanol. Finally, samples were incubated for
2 min in xylene. mounted in Canada Balsam, and exam-

ined under bright field microscopy.

Cattle vaccination and challenge trials

Cattle wcrt: primarily grade Holstein, about 12 months
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Figure 4

antibodies (Figures l-4b). As shown, the labelling
was highly restricted to the gut cells. No reaction was
observed when a preimmune conjugated antibody
was used (Figures l-4a). Other sporadic dark areas are
likely to be due to the presence of guanine precipitates
as the products of nitrogenous metabolism inside the
malpighian tubules and rectal sac (Balashov 1968) and
were observed in tissue sections even without any stain-
ing treatment (data not shown). These strong and specific
reactions for all the tick strains tested suggested that the
Bm86 protein is conserved although we can not rule out
the existence of variation of the protein among strains as
the antibody preparation was of polyclonal origin. These
results confirmed previously published data showing that

animal until the end of the experiment in order to collect
the detaching ticks. After approximately 24 days,
engorged adult female ticks dropped from the cattle.
All the female ticks that dropped from each animal
were weighed, and assessed for egg laying capacity
(Rodriguez et a/. 1994a).

RESUL TS AND DISCUSSION

Immunohistochemical staining test for detection of Bm86

A strong positive reaction covering the gut tissue of the

four different strains of B. microplus was observed when

tick sections were incubated with anti-rBm86 conjugated
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Table 1 Results from the challenge of rBm86 vaccinated cattle with B. microp/us larvae of different strains

Y crongpilly strain

Cumulative
tick weight

<8)

Mean tick

weight
(mg)

Cumulative

eggs weight
(g)

CumuIativc
tick numbcr

Eggs/tick

weight

0.47

0.47

0.45

Animal nwnbcr

Control 6268
9896
6729

155
881
188

1224
408
410
247
340

81
695
232
135
43%

32
142
42

216
72
61
30
57
13

100
33
22
54%

206
160
223

15

67

19

101

34

29

7

17

5

29

10

6

71

196

33

109

168

160

0.46
0.01
0.23
0.3
0.38

Total

Mean

SD

Vaccinated 6710

6796

8562

Total

Mean

SD

Reduction

146

32

26%

0'3
0'075

35%

Camcord strain

Control 6268
9896
6729

381:
201
122
704
235
133
102

12
72

186
62
46
74%

\79

41

17

137

46

32

10

2

10

22

8

S

83%

207
204
139

42

21

10

73

24

16

2

0.7

4

6.7

2

2

92%

0.53

0.51

0.5S

183

38

98

166

138

0'54
0'036
0.35
0.27
0'38

Total

Mean

SD

Vaccinated 6710

6796

8562

134
34
27%

0.33
0.057

39%

Total
Mean
SD
Reduction

Cenapa strain

Control 6268
9896
6729

122

115

178

415

138

34

36

2

J01

139

46

SO

67%

49

41

51

141

47

5

9

O.~5
23

32

II

II

77%

401
356
286

21

21

24

66

22

2

4

0'17

8

12

4

4

82%

0'43
0'52
0'47

348

58

250
175
228

0'47

0'045

0'45

0'48

0'37

Total

Mean

SD

Vaccinated 6710

6796
8562

Total
Mean
SO
Reduction

218

38

37%

0'43
0.06
8'5%

%
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Table 1 (cont)

Tuxpan strain

Cumulative
tick weight

<8)

Mean tick

weight
(mg)

Cumulative

eggs weight
(g)

Cumulative
tick number

Eggs/tick
weightAnimal number

Control 6268
9896
6729

113
121
247
487
160
75

204
167
74

445
148

67

7'5%

41
42
76

159
53
20
53
45
17

115

38

19
28

363
347
308

17

21

34

72

24

9

18

15

8

41

13

S

46

0.41
0.50
0.45

339
28

260
269
230

0.45
0.045
0.33
0.32
0.45

Total
Mean
SO
Vaccinated 6710

6796
8562

Total

Mean

SO

Reduction

253

20

25%

0.36
0'072

20%

Cumulative tick number: Total number of engorged ticks dropped from the animal. Cumulative tick weight: Total weight of ticks collected
from each chamber. Mean tick weight: Tick weightrrick number. Cumulative egg weight: The total weight of eggs produced by the
surviving ticks under ideal conditions. The engorged ticks collected were incubated at 28°C and 80% of humidity until egg production had
ceased. Egg/tick weight: The egg weight was used to calculate the proportion of the tick weight that was converted into eggs.
Abbreviations: Vac., vaccinated; SD, standard deviation.

Bm86 protein is associated to the gut cell membrane and
probably has well defined extracell1,11ar .domains (Kemp
et a/. 1989, Rand et a/. 1989).

J
months after vaccination. This tfct could account for the
differences observed between the results obtained for
the Yerongpilly strain and previously published results
where tick infestation was done three weeks after the last
injection (Rodriguez et at. 1994a). However, in field
experiments in grazing cattle we have shown that a
vaccine containing 100 jJ.g of rBm86 antigen
(GA V ACTM, Heber Biotec SA, Havana, Cuba) is able
to control tick populations in the field at least over 33
weeks (Rodriguez et at. 1994b ).

These results support the idea that the homology of
Bm86 among different B. microptus strains is high enough
to obtain protective immunity after vaccination with this
rBm86 preparation, even with those strains which are
resistant to organophosphates. These strains pose a ser-
ious problem for those trying to control tick infestations
using conventional methods. The data demonstrate that
vaccination of cattle with a preparation containing
recombinant Bm86 is effective in inducing a protective
immune response against all tested B. microptus strains.
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Protection or cattle vaccinated with the recombinant
Bm86 antigen

Cattle were vaccinated with a preparation containing
rBm86. After challenge with larvae from the four
different B. microplus strains, several parameters were
measured which demonstrated protection. As shown in
Table I, an important reduction was observed in the
number of engorged ticks obtained from vaccinated
animals as well as in their weight. The egg laying
capacity was also affected in vaccinated animals for all
the strains assayed (Table I). As expected, a proportion
of the engorged ticks showed evident gut damage as
shown by the red coloration in many of them (data not
shown) due to gut content leakage (Rodriguez et at.
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parameters were affected were recorded (Table I).
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In analysing the results of tick challenges it should be
taken into consideration that animals were infested six
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