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Abstract

In in vitro melanization of microfilariae (Mf) of Brugia spp. using pupal haemolymph of

mosquitoes, Armigeres subalbatus, Mf of Brugia malayi with sheath are less melanized than

those of B. pahangi. After artificial exsheathment of Mf, B. malayi showed strong melanization,

while B. pahangi showed a very weak reaction. These results entirely agree with the data of

melanizing responses in experimental infection of Ar. subalbatus with B. malayi and B. pahangi.

Surface properties of cuticles of Mf from both filarial species seem to be important in eliciting

the melanization responses of Ar. subalbatus.
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Introduction

Numerous reports have been published on the

melanization and/or encapsulation of the filarial

larvae in mosquitoes (Burton, 1963; Oothman et

al.9 1974; Christensen, 1981; Yamamoto et at.,

1985). However, the mechanisms by which

melanin is deposited on the surface of parasites

is largely unknown. In experimental infection of

Armigeres subalbatus with Brugia malayi, about

60% of ingested microfilariae (Mf) were

melanized in the abdominal haemocoel and the

larvae which migrated to thoracic muscles

degenerated during 2 or 3 days post-infection

(Yamamoto et al., 1985; Kobayashi et al., 1986a).

On the other hand the larvae of B. pahangi, that

is a sibling species of B. malayi, normally

developed to infective larvae and the number of

melanized larvae was a few (Yamamoto et al.,

1985). Mf of B. malayi and B. pahangi are

morphologically similar to each other and

definitive identification of both species is based

on the distribution pattern of acid phosphatase

activity of Mf (Redington, et al., 1975; Yen &

Mak, 1978; Kobayashi, et al., 1987). But in the
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mosquito, Ar. subalbatus, these Mf are clearly

recognized each other by the defense system

(Kobayashi and Yamamoto, 1988). Recently, it is

clearly shown that humoral encapsulation

(melanization) first takes place around Mf in the

haemocoel of mosquitoes and then haemocytes

start to attach to and spread on the surface of

melanotic capsules (Chen and Laurence, 1985;

Kobayashi et al., 1986b; Chen, 1988) although

some evidences of direct participation of

mosquito haemocytes are suggested (Forton et

al., 1985). It was also reported that heat-killed

Mf preincubated with pupal mosquito haemo

lymph supplemented with phenylthiourea (PTU,

phenoloxidase inhibitor) were strongly melanized

in vitro when they were incubated with super

natant of thermocoagulated haemolymph which

was not supplemented with PTU (Kobayashi, et

al., 1988). The results show that prophenol-

oxidase (proPO) or activated phenoloxidase (PO)

attach to the surface of Mf in the first incuba

tion without any participation of haemocytes,

and in the second incubation of Mf with super

natant of thermocoagulated haemlymph they are

melanized in vitro.

In in vitro melanization Mf of B. pahangi

constantly showed a strong reaction comparing

with those of B. malayi. This in vitro reaction
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clearly conflicts with the results observed in

mosquito, Ar. subalbatus which showed a strong

melanization reaction against B. malayi

(Yamamoto et al., 1985). The present work was

carried out to study the effect of exsheathment

of Mf on in vitro melanization.

Materials and Methods

Haemolymph of mosquito

Haemolymph of mosquito was collected from

1-day old female pupae of Ar. subalbatus (406

strain) by the centrifugation method according

to Ogura et al. (1985) with a modification, i.e.

an addition of 3 to 5 mg of PTU to centrifuga

tion tubes. The supernatant of haemolymph was

stored in a freezer at -80°C until used.

Collection of microfilariae

Microfilariae (Mf) of B. malayi and B.

pahangi were collected from the infected jirds by

injecting wormed Hanks balanced salt solution

(HBSS) into the peritoneal cavity and then

sucking it out. The fluid containing Mf was

incubated for 30 min in plastic Petri dishes to

eliminate peritoneal cells and then Mf were

collected into centrifugation tubes by Pasteur

pipettes. These Mf were washed with HBSS by

repeated centrifugation and finally washed with

distilled water. An aliquot of the Mf suspension

was smeared on glass slides and the rest of Mf

was kept in a freezer at -30°F for later use.

Artificial exsheathment of microfilariae

Mf of B. malayi were treated with papain

(0.5% in Dulbecco's PBS pH 7.0) for 60 min and

ones of B. pahangi were treated with 2.0%

papain solution for 60 min at 37°C. In these

conditions above 90% of Mf exsheathed. The

exsheathed Mf were washed with distilled water

by centrifugation and an aliquots of Mf suspen

sion were smeared on the glass slide.

In vitro melanization ofsheathed and artificially

exsheathed microfilariae

About 10 [A of haemolymph was applied on

the glass slides previously smeared with sheathed

and exsheathed Mf and then incubated for 2 hrs

at 20° C in a wet chamber. The haemolymph on

the glass slides was found to have no formation

of blackish pigment during this incubation.

Thereafter, the glass slides were fully washed with

PBS and then the smeared Mf were incubated

with 20 ^1 of 3,4-dihydroxyphenyl-L-alanine

(DOPA, 0.02 M in PBS) for 1 hr at 20°C in the

wet chamber. Melanin formation on the surface

of Mf was observed under a microscope and the

degree of melanization was scored on a scale of

0-3. Microfilariae showing no evidence of

melanization were scored 0; those with less than

half of their surface covered were scored 1; those

with more than half of their surface covered were

scored 2; and completely melanized Mf were

scored 3.

Results

In vitro melanization ofsheathed and exsheathed

microfilariae of Brugia malayi and B. pahangi

Results of in vitro melanization of sheathed

and exsheathed Mf of both Brugia species were

shown in Table 1. In sheathed Mf of B. pahangi

about 40 percent of Mf showed a strong melanin

deposition, which were covered with melanin

more than half of their surface, but artificially

exsheathed Mf were melanized weakly and about

50 percent of Mf showed no evidence on

melanization. On the contrary sheathed Mf of B.

malayi showed a extremely weak melanization

and about 80 percent of sheathed Mf showed no

evidence on melanization. No sheathed Mf of B.

malayi showing strong melanization over scale

2 were observed in these experiments. In the

exsheathed Mf of B. malayi they showed a strong

melanin deposition (Fig. 1) and about 65 percent

of Mf were covered with melanin more than half

of their surface. These results entirely agree with

the data of melanizing responses in experimental

infection of Ar. subalbatus with B. malayi and

B. pahangi.

Discussion

In the experimental infection of the mosquito,

Ar. subalbatus with B. pahangi, Mf penetrated

into abdominal haemocoel show a weak melani-
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Table 1 Effect of exsheathment of microfilariae of Brugia malayi and B. pahangi

on in vitro melanization

Microfilariae

(MO

Brugia malayi

Sheathed Mf

Exsheathed Mfj

Brugia pahangi

Sheathed Mf

Exsheathed Mf$

No. of

experiments

5

5

6

7

Total no. of

Mf observed

268

161

637

495

Degree of

0

209

0

81

254

1

59

56

308

201

melanization*

2

0

60

47

21

3

0

45

201

19

The degree of melanization was scored on a scale of 0-3.

0: microfilariae showing no evidence on melanization

1: those with less than half of their surface covered

2: those with more than half of their surface covered

3: completely melanized Mf

Microfilariae were treated with papain (0.5% in PBS) for 60 min.

Microfilariae were treated with papain (2.0% in PBS) for 60 min.

: : a in

Fig. 1 In vitro melanization of artificially exsheathed and sheathed microfilariae (Mf) of Brugia malayi.

a) Strongly melanized exsheathed Mf

b) Weakly melanized sheathed Mf

Arrowheads show tail of sheathed and exsheathed microfilariae.

zation during 24 hrs post-infection. Conversely

Mf of B. malayi are strongly melanized in the

haemocoel of the mosquito (Yamamoto et al.,

1985; Kobayashi et al., 1986). However, the

results of in vitro melanization using sheathed Mf

of both Brugia species showed that Mf of B.

pahangi were more strongly melanized as com

pared with those of B. malayi. Artificially

exsheathed Mf of B. pahangi showed weak

melanization, however, those of B. malayi were

strongly melanized in vitro. These results com

pletely agree with the data of melanizing
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responses in experimental infection of Ar.

subalbatus with B. pahangi and B. malayi.

Recently it is shown that the exsheathment of

Mf of Brugia spp. mainly take place in the

haemocoel of mosquito, not in the midgut

(Yamamoto et al., 1983; Christensen and

Sutherland, 1984; Chen and Shih, 1988). In the

abdominal haemocoel of Ar. subalbatus sheathed

Mf of B. pahangi could be strongly melanized,

but quick exsheathment in the haemocoel of

mosquito may avoid the defence responses. Con

versely sheathed Mf of B. malayi could be weakly

melanized in the haemocoel, but after exsheath

ment they are strongly melanized.

It is plausible that some differences in surface

properties of the cuticle of B. pahangi and B.

malayi Mf are present. The carbohydrates on the

surface of sheathed Mf of B. malayi is reported

by Kaushal et al. (1984), but detailed work on

exsheathed Mf has not been done. In B. pahangi

sheathed Mf were stained with FITC-labeled

wheat germ lectin (WGA) but exsheathed Mf

treated with papain and sonication did not react

with this lectin (Furman and Ash, 1983). Re

cently, Zahedi et al. (1990) shows that calcium-

exsheathed Mf of B. malayi also reacted with

FITC-conjugated WGA. These results means that

surface carbohydrates of cuticle in both brugian

nematodes are clearly different. Same difference

is also observed in our experiments (unpublished

data). The differences in in vitro melanization of

sheathed Mf from both species which showed

both strongly positive reaction with WGA are not

able to elucidate simply at a moment, because

elicitor or trigger of proPO activating system in

mosquitoes and the mechanism of proPO or PO

attachment are not fully understood.

In the present results exsheathed Mf of B.

malayi are strongly melanized in vitro and almost

all of exsheathed Mf of B. pahangi are not

melanized. These results will be valuable to

understand defence responses of the mosquito to

exsheathed Mf of B. malayi and B. pahangi.
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