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Introduction

Salivarian trypanosomes are commonly char

acterized by profound polyclonal B-cell activa

tion and immunosuppression (Goodwin et al,

1972; Greenwood, 1974; Murray et al, 1974;

Ackerman and Seed, 1976). Whole or frac

tionated trypanosomal homogenate as well

as living parasites has been reported to cause

these phenomena (Hudson et al, 1976; Clayton

et al, 1979; Oka et al, 1984). Although

several workers reported on the properties

of trypanosome-derived substance(s) respon

sible for these immunological alterations

(Assokueffl/., 1979; Sacks etal, 1982; Diffley,

1983), it has still been controversial which

component(s) in the mechanically disrupted

cell homogenate is biologically and immuno-

logically active.

The polyclonal B-cell activation was induced

by the purified trypanosome surface membrane

as well as the endoplasmic reticulum (Sacks

et al, 1982). It appears that the mitogenic

activity is manifested by a membrane-binding

component of the parasites. In preliminary

experiments, separation of the mitogenic com

ponent from the cell homogenate was not
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successful using detergents, such as deoxy-

cholate or Nonidet P-40. In this study, separa

tion of the polyclonal B-cell activator and

immunosuppressive substance from the plasma

membrane was achieved by treating living

trypanosomes with trypsin and the partial

properties of these components were examined.

The data presented here suggests that the poly

clonal B-cell activation and immunosuppression

appear to be induced by different materials

from the surface of parasites.

Materials and Methods

Female ddY mice (7—10 weeks old) served

as the host animal. They were bred under

specific-pathogen free conditions at Toku

shima Experimental Animal Laboratory (Toku

shima, Japan).

Trypanosoma gambiense (Wellcome strain)

was passed through the mice every 3 days.

Organisms were separated from whole heparin-

ized blood by the method of Lanham and

Godfrey (1970) and then washed twice with

phosphate-buffered saline (PBS).

To prepare the subcellular fraction of

trypanosomes, parasites were disrupted by

repeated freeze-thawing followed by tritura-

tion with a Teflon homogenizer at 4°C, yield

ing a cell homogenate of the parasites. The

cell homogenate was centrifuged at 12,000

x g for 30 min to remove nuclei, kinetoplasts,

and large cell debris (Sacks et al, 1982). The
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supernatant was then centrifuged at 144,000

x g for 1 hr to prepare the final supernatant

and sediment fractions. The living trypano

somes (1 x 109 organisms/ml) were incubated

with 50 jug/ml of trypsin in PBS for 10 min at

room temperature. The reaction was terminated

by the addition of tosyl-L-lysin chloromethyl-

ketone. The trypsin-treated parasites were

centrifuged at 1,000 x g for 10 min, and the

supernatant was passed through a Millipore

filter (pore size 0.3 jum). The cell homogenate

of trypsin-treated parasites was prepared by the

above method.

To examine the biochemical properties of

the trypanosome fractions, the 144,000 x g-

sediment fraction was incubated with protease

(100 jug/ml), ribonuclease (RNase, 100 /zg/ml)

and deoxyribonuclease (DNase, 100 /xg/ml) in

PBS at 37°C for 3 hr. The 1,000 x ^-super

natant from trypsin-treated trypanosomes was

incubated with pronase (100 jug/ml) in PBS at

37°C for 3 hr. For periodate treatment, the

1,000 x ^-supernatant was incubated with 20

mM sodium metaperiodate in PBS, and the

reaction mixture was kept in dark at 20°C for

3 hr. A part of the 1,000 x ^--supernatant was

dialyzed against PBS containing 1 mM tosyl-

L-lysin chloromethylketone at 4°C for 3 hr

across a membrane with a pore size of approxi

mately 10,000 daltons.

The effect of the trypanosome cell fractions

on the background IgM splenic plaque-forming

cells (PFC) to sheep red blood cells (SRBC)

was assayed 4 days after the intraperitoneal

injection of the trypanosome cell fractions

using the method of Jerne and Nordin (1963)

since an increase in the number of the back

ground PFC to SRBC is often used to demon

strate the polyclonal B-cell activation (Assoku

et ah, 1979; Diffley, 1983). To study the

primary antibody response to SRBC, mice

were immunized intraperitoneally with 3 x 107

SRBC 4 days after the injection of the cell

fractions, and then IgM PFC response was

assayed 5 days after the priming. The differ

ence in the splenic PFC response was analyzed

statistically by Student's t test. Results were

considered significant at the level P< 0.05.

For electron microscopic observation, un

treated and trypsin-treated trypanosomes were

fixed at 4°C for 1 hr in a mixture of 2.5%

glutaraldehyde and 4% sucrose in 0.05 M

cacodylate buffer (pH 7.3) and postfixed for

2 hr in 1% OSO4. The samples were rinsed

with distilled water, dehydrated in acetone,

and embedded in Epon. Ultrathin sections

were stained with uranylacetate and lead

citrate, and then examined with a Hitachi

HU-12 electron microscope.

To determine the protein composition, the

1,000 x g-supernatant from trypsin-treated

trypanosomes was analyzed using 15% poly-

acrylamide gel electrophoresis under reducing

conditions in the presence of 0.1% sodium

dodecyl sulfate. Gel tracks were stained for

proteins with silver staining (Oakley et al,

1980).

The following enzymes and chemicals were

obtained from Sigma Chemical Co. (St. Louis,

MO, USA): protease (type IV), pronase E,

trypsin, RNase, DNase and tosyl-L-lysin chloro

methylketone. Sodium metaperiodate was pur

chased from Wako Pure Chemical Industries

(Japan).

Results

For the preliminary study, two T. gambiense

subcellular fractions, 144,000 x g-sediment and

-supernatant, were examined for polyclonal B-

cell activation. Although an increase of back

ground PFC response to SRBC was induced by

injection of the sediment, there was no increase

of the background PFC response by stimula

tion with the supernatant (Table 1). The poly

clonal B-cell stimulating activity in the sedi

ment fraction was sensitive to protease and

resistant to RNase or DNase (Table 2). The

protease-sensitivity of the active component

appeared to suggest that it might be a mem

brane bound protein. It seemed possible that

the active component could be separated from

the plasma membrane of living trypanosomes

by a selective proteolytic enzyme such as
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Table 1 Effect of Trypanosoma gamiense 144,000 x ^-supernatant

and -sediment fractions on background anti-SRBC PFC

~ +. * , , Anti-SRBC PFC ./ Stimulation
Fraction Dose (Mg) per spleen t ± SE index*

PBS

Supernatant

Sediment

-

1,000

1,000

500

50

10

40 ± 14

65 ± 17

1,280 ± 343

1,265 ± 137

2,675 ±591

785 ± 201

-

1.6

32.0

31.6

66.9

19.6

* Phosphate-buffered saline (PBS) or trypanosome fractions

were injected intraperitoneally.

t Four days after administration of test fractions, background

IgM plaque-forming cells (PFC) to sheep red blood cells

(SRBC) was measured. Values are arithmetic means, five mice

per group.

t Stimulation index = anti-SRBC PFC per spleen (test frac-

tion)/anti-SRBC PFC per spleen (PBS).

Table 2 Effect of Trypanosoma gambiense 144,000 x ^-sediment fraction

after treating with enzymes on background anti-SRBC PFC

Fraction

PBS

Sediment

Sediment

Sediment

Sediment

Treatment'

-

-

DNase

RNase

Protease

Anti-SRBC PFC

per spleen^ ± SE

100 ± 20 (A)

1,475 ±231 (B)

1,165 ±396(C)

1,985 ±490(D)

440 ± 165(E)

Stimulation

index §

_

14.8

11.7

19.9

4.4

* After treatment, phosphate-buffered saline (PBS) or sedi

ment fraction (50 /ug) were injected intraperitoneally.

t See materials and methods.

% Four days after administration of test fractions, background

IgM plaque-forming cells (PFC) to sheep red blood cells

(SRBC) was measured. Values are arithmetic means, five

mice per group. Difference from (A) was significant in (B),

(C) and (D) at P < 0.005, but not significant in (E) at P >

0.1.

§ See Table 1, footnote t.

trypsin. their motility was as active as untreated para-

For separation of the component inducing sites. Electron micrographs of trypsin-treated

the polyclonal B-cell activation, living parasites trypanosomes showed that most of the surface

were incubated with trypsin in PBS at room glycoproteins which form a closely packed

temperature for 10 min. Under light micro- layer on the plasma membrane were removed

scope, it was shown that even after tryptic without causing any other gross changes in

digestion the parasites were not ruptured and morphology (Fig. 1).
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Fig. 1 Electron micrographs of the transverse section of Trypanosoma gambiense. (A) control; surface

coat (arrow) overlines the plasma membrane of the cell, x 35,000. (B) trypsin-treated; surface coat is

uniformly removed from the plasma membrane, x 30,000.

The polyclonal B-cell activation was induced

by the 1,000 x ^"-supernatant prepared from

trypsin-treated parasites as well as by the cell

homogenate of untreated and trypsin-treated

parasites (Table 3).

Partial properties of the component respon

sible for the polyclonal B-cell activation was

shown in Table 4. The mitogenic activity of

the 1,000 x ^-supernatant from trypsin-treated

parasites was abolished by incubation with

pronase or periodate (Table 4, Experiments

1 and 2) and by heating for 10 min at 60°C

(Table 4, Experiment 3).

To examine whether an immunosuppres-

sive factor exists in the 1,000 x ^-supernatant

derived from trypsin-treated parasites, the

Table 3 Effect of 1,000 x ^-supernatant from trypsin-treated Trypanosoma

gambiense on background anti-SRBC PFC

Fraction*
Anti-SRBC PFC per

spleent ± SE
Stimulation index *

PBS

Trypsin

Cell homogenate of

untreated parasite

Cell homogenate of trypsin-

treated parasite

1,000 x ^-supernatant from

trypsin-treated parasite

160 ± 66 (A)

200 ± 58 (B)

4,340 ± 574 (C)

12,410 ± 4,600 (D)

4,450 ± 786 (E)

1.2

27.1

77.6

27.8

Phosphate-buffered saline (PBS), trypsin (50 jug) or trypanosome fractions

(50 Mg) were injected intraperitoneally.

Four days after administration of test fractions, background IgM plaque-

forming cells (PFC) to sheep red blood cells (SRBC) was measured. Values

are arithmetic means, 3-4 mice per group. Difference from (A) was signifi

cant in (C), (D) and (E) at P < 0.005, P< 0.05 and P< 0.005 respectively,

but not significant in (B) at P > 0.1.

See Table 1, footnote t-
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Table 4 Effect of 1,000 x ^-supernatant from trypsin-treated Trypanosoma gambiense after

treating with pronase or periodate and heating on background anti-SRBC PFC

Fraction

Experiment 1

PBS

Pronase (20 Mg)

1,000 x ^-supernatant

1,000 x g-supernatant

Experiment 2

PBS

Periodate (5 Mmoles)

1,000 x g-supernatant

1,000 x ^-supernatant

Experiment 3

PBS

1,000 x ^-supernatant

1,000 x g-supernatant

Treatment'

-

-

PBS

Pronase (20 ng)

-

-

PBS

Periodate (5 Mmoles)

-

-

60°C for lOmin

Anti-SRBC PFC per

spleen* ± SE

255 ± 87

256 ± 62

2,924 ± 381 (A)

288± 50(B)

80 ± 11

204 ± 52

2,816 ± 528 (C)

215 ± 102 (D)

72 ± 34

2,636 ±631

540±258

Stimulation

index§

—

1.0

11.5

1.1

-

2.6

35.2

2.7

-

36.6

7.5

* After treatment, phosphate-buffered saline (PBS), pronase (20 Mg), periodate (5 Mmoles) and 1,000 x ^-super

natant (50 Mg) from trypsin-treated parasites were injected intraperitoneally.

t See materials and methods.

t Four days after administration of test fractions, background IgM plaque-forming cells (PFC) to sheep red blood

cells (SRBC) was measured. Values are arithmetic means, five mice per group. Difference from (A) was significant

in (B) at P< 0.005. Difference from (C) was significant in (D) at P< 0.005.

§ See Table 1, footnote*.

Table 5 Suppression of primary antibody response to SRBC by eel' homogenate

or 1,000 x g-supernatant from trypsin-treated Trypanosoma gambiense

* Anti-SRBC PFC per Percentage

Fractlon spleent ± SE response

PBS 65,600 ± 10,418 (A) 100

Trypsin 47,233 ± 7,563 (B) 70

Cell homogenate of 4no ± 1054 (C) 7

untreated parasite

Cell homogenate of trypsin- 9636± 3>604 (D) 15

treated parasite

1,000 x ^-supernatant from 4 g80 ± j ^3 (E) 7

trypsin-treated parasite

* Phosphate-buffered saline (PBS), trypsin (50 Mg) or trypanosome fractions

(50 Mg) were injected intraperitoneally 4 days before priming with 3 x 107

sheep red blood cells (SRBC).

t Anti-SRBC plaque-forming cells (PFC) was measured 5 days after priming

with SRBC. Values are arithmetic means, five mice per group. Difference

from (A) was significant in (C), (D) and (E) at/> < 0.005, but not significant

in(B)at P> 0.1.
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supernatant was injected into mice 4 days

before immunization with SRBC. The primary

PFC response to SRBC was markedly reduced

by this treatment as well as by the injection of

the cell homogenate of untreated parasites

(Table 5). This immunosuppressive activity

of the 1,000 x g-supernatant was resistant to

pronase and sensitive to periodate (Table 6).

As shown in Table 7, dialysis of the 1,000 x

g-supernatant from trypsin-treated parasites

abolished the enhancement of background anti-

SRBC PFC response. However, the suppression

of primary antibody response to SRBC was not

affected by dialysis, There was not statistical

significance between undialyzed and dialyzed

1,000 x ^-supernatant (P > 0.1).

Table 6 Effect of 1,000 x ^-supernatant from trypsin-treated Trypanosoma

gamiense after treating with pronase or periodate on suppression of

primary antibody response to SRBC

Fraction Treatment'
Anti-SRBC PFC per

spleen* ± SE

Percentage

response

PBS

1,000 x ^-supernatant

1,000 x ^-supernatant

1,000 x ^-supernatant

Pronase

Periodate

106,700 ± 14,633 (A) 100

4,500 ± 719 (B) 4

14,400 ± 3,742 (C) 13

109,400 ± 9,336 (D) 103

* After treatment, phosphate-buffered saline (PBS) or 1,000 x ^-supernatant

(50 jug) from trypsin-treated parasites were injected intraperitoneally 4 days

before priming with 3 x 107 sheep red blood cells (SRBC).

t See materials and methods.

X Anti-SRBC plaque-forming cells (PFC) was measured 5 days after priming

with SRBC. Values are arithmetic means, four mice per group. Difference

from (A) was significant in (B) and (C) at P < 0.005, but not significant in

(D) at P > 0.1. Difference from (B) was not significant in (C) at P > 0.05.

Table 7 Effect of 1,000 x ^--supernatant from trypsin-treated Trypanosoma

gambiense after dialysis on background anti-SRBC PFC and primary

anti-SRBC PFC response

Fraction *

PBS

1,000 x ^-supernatant

(undialyzed)

1,000 x ^--supernatant

(dialyzed)

Background anti-SRBC Primary anti-SRBC PFC

PFC per spleen t ± SE response per spleen $ ± SE

127 ± 30

3,451 ± 932 (A)

249 ± 69 (B)

112,489 ± 16,491

19,600 ± 7,067 (A')

32,950 ± 6,551 (Bf)

Phosphate-buffered saline (PBS) or 1,000 x ^-supernatant (50 Mg) from

trypsin-treated parasites were injected intraperitoneally.

Four days after administration of test fractions, background IgM plaque-

forming cells (PFC) to sheep red blood cells (SRBC) was measured. Values

are arithmetic means, 5-8 mice per group. Difference from (A) was signifi

cant in (B) at P < 0.005.

Four days after administration of test fractions, 3 x 107 SRBC were injected

intraperitoneally. Anti-SRBC PFC response was measured 5 days later.

Values are arithmetic means, five mice per group. Difference from (A') was

not significant in (B') at P> 0.1.
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Fig. 2 Sodium dodecyl sulfate-polyacrylamide

gel electrophoresis analysis of 1,000 x ^-super

natant from trypsin-treated Trypanosoma gam-

biense and its dialyzed 1,000 x ^-supernatant (1)

molecular weight markers. (2) dialyzed 1,000 x

^-supernatant. (3) undialyzed 1,000 x ^-super

natant, molecular weight of the band (arrow) is

approximately 9,000.

The 1,000 x #■-supernatant and its dialyzed

fraction were analyzed by sodium dodecyl

sulfate-polyacrylamide gel electrophoresis to

determine the protein composition. The results

showed that both undialyzed and dialyzed frac

tions gave a large number of resolved bands,

with an approximate molecular weight of

66,000 to 9,000. Only the 9,000 molecular

band was absent after dialysis. All other bands

appeared to be unaffected by dialysis (Fig. 2).

Discussion

Both polyclonal B-cell activation and the

immunosuppression of primary antibody re

sponse to SRBC were successfully induced by

injection with a 1,000 x ^--supernatant derived

from trypsin-treated T. gambiense. Clayton

et al. (1979) demonstrated that a crude mem

brane fraction of trypanosomes induced the

polyclonal B-cell activation as well as immuno

suppression. Recently, Sacks et al (1982) re

ported that the partially purified soluble

trypanosome fraction was able to induce these

immunological modifications only after it was

incubated with peritoneal macrophages before

transfer into syngenic recipient mice. Because

the polyclonal B-cell stimulating activity was

periodate sensitive and pronase resistant, and

because the lipid extracts from the soluble

fraction produced a slight immunosuppressive

effect on the antibody response, it was pro

posed that glycolipid(s) included in a mem

brane fraction possessed potent mitogenic and

immunosuppressive activities. In the present

experiment, the polyclonal B-cell stimulating

activity was degraded by pronase and periodate

treatment. It therefore seems that the carbo

hydrate molecule(s) is one of the important

factors for the elicitation of the polyclonal B-

cell activation. It is not clear yet whether the

protein molecule(s) is an essential factor itself

or a supplemental factor for the initiation of

the polyclonal B-cell activation. Alternatively,

there is the possiblity that another factor(s)

which is required for the B-cell activator is

lost by pronase treatment. It is known that

variant specific antigen (VSA) forms a closely

packed layer visualized in transmission electron

microscopy as a surface coat of a dense cover

ing 12—15 nm thick over the entire surface of

trypanosomes (Vickerman, 1969; Cross, 1975).

Recent work by Diflley (1983) has shown that

intravenous injections of the purified VSA in

concentrations encountered by the mice in

fected with trypanosomes elicit the polyclonal

B-cell response. In the present study, trypsin

treatment of living parasites removed the sur

face coat without causing any other gross

changes in morphology as evidenced by elec

tron microscopic observation. Tryptic cleavage

products from VSA are likely to be an impor

tant factor for initiation of the polyclonal B-

cell activation, although several investigators

have reported that the conventionally purified

VSA is consistently unable to induce either

polyclonal B-cell activation or immunosuppres

sion (Clayton et al, 1979; Sacks et al, 1982).
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Reinwald et al (1979) reported the rapid

proteolytic degradation of VSA during the

isolation process. It would appear that proteo

lytic enzymes in the cell lysate of parasites may

abrogate/reduce the polyclonal stimulating

activity. However, several components are

present on the surface of trypanosomes other

than VSA (Cross, 1984; Beat et al., 1984). It

should also be considered whether these surface

components are closely associated with the

polyclonal B-cell activation.

Of interest in the present study were other

findings. The immunosuppressive activity is

pronase resistant and periodate sensitive, and

remains in the dialyzed solution of the 1,000

x ^--supernatant from trypsin-treated parasites

in spite of the loss of polyclonal B-cell stimulat

ing activity after dialysis. These results seem to

indicate that carbohydrate molecule(s) positive

ly relates to the exhibition of the immuno

suppressive activity, but that a protein mole

cule^) is less important for manifesting the

immunosuppressive activity. In addition, the

polyclonal B-cell activation and immunosup

pression appears to be involved with different

materials on the surface of trypanosomes.

Support for this explanation is derived from the

recent observations that the polyclonal B-cell

activation and immunosuppression are un

coupled events in mice subchronically infected

with trypanosomes (Baltz et al, 1981), and in

mice injected with VSA (Diffley, 1983) or cell

homogenate of trypanosomes (Oka et al,

1984).

Injection of the dialysate of 1,000 x g-super-

natant from trypsin-treated parasites has not

yet induced the definite polyclonal B-cell

activation. As has been suggested by Sacks

et al (1982), the potential for the active com

ponent seems to be easily affected and reduced

during fractionation process. Further fractiona-

tion of the polyclonal B-cell activator and

identification of the biologically active fraction

to the 9,000 molecular weight proteolytic

fragment, which was detected by sodium do-

decyl sulfate-polyacrylamide gel electropho-

resis, are currently being attempted.

Summary

A fraction, which was released from the

surface of living T. gambiense by treating with

trypsin and centrifugation, caused the poly

clonal B-cell activation and nonspecific im

munosuppression of antibody production in

mice. When the fraction was treated with

pronase or periodate, the polyclonal B-cell

activation was abolished. In contrast, the

immunosuppressive activity was pronase

resistant and periodate sensitive. Although

the immunosuppressive activity remained in

the dialyzed solution, the polyclonal B-cell

activation was abolished by dialysis. There

fore, the polyclonal B-cell activation and the

nonspecific immunosuppression were seemingly

induced by different components from the

surface of trypanosomes.
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