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ABSTRACT

Bacillus thuringiensis is a gram-positive soil-dwelling bacterium. It
produces a crystalline insecticidal protein {(delta-endotoxin), during the
sporulation phase of its growth. Several strains have been isolated and the
specificity in its insecticidal action on different hosts is an attractive aspect for
its use in biological control. Investigations were carried out into the
fermentation of two isolates, M37/2 and TIKKI. In order to optimize the culture
conditions in shake-flask cultures, a range of media were studied with respect
to bacterial growth and é-endotoxin production (i.e. biological activity). Of all
the media tested, M3 and M4 recorded highest production of M37/2 and TIKKI
respectively. Biological activity did not correlate to total bacterial numbers.
Physical studies were carried out on three isolates of B.thuringiensis: TIKKI,
MF4B/2 and M37/2. Each has insecticidal activity against G/ossina species
(Diptera: Glossinidae), Chilo partellus Swinhoe (Lepidoptera: Pyralidae) and
Spodoptera exempta Walker (Lepidoptera: Noctuidae), as well as Culicine and
Anopheline mosquitoes. Electrophoretic separation of crystals from the three
isolates revealed major bands of M, ~ 140-25 kd. Further detailed study on the
TIKKI isolate showed that the crystal had two main bands of M, ~ 120 kd and
66 kd. Solubilized crystal (protoxin) revealed a band of M,~ 64 kd while the
activated toxin was approximately M_~ 62 kd. Immunological experiments

using antibodies raised against TIKKI toxin gave a strong cross reactivity
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that differ significantly in structure and function, contrary to earlier held view
that resistance where it develops, is restricted to a single group of closely
related B.thuringiensis toxins.

The mechanism involved in resistance appears to be the same as that
involved in host specificity of B. thuringiensis é-endotoxins. Consequently, the
need to adequately understand the toxin-receptor interaction is extremely
crucial. Furthermore, identification and possible characterization of a wide
range of receptors from different insect species will provide much needed
information. This will assist in the formulation of B.thuringiensis-based
bioinsecticides, with the aim of eliminating most of the limiting factors in its

use and especiaily guard against the development of resistance.

1.2 Rational for the study.

B.thuringiensis proves to be a potential and powerful tool in insect pest
management, providing a safe alternative to chemical insecticides.
Formulations of B.thuringiensis have been used for over two decades as
bioinsecticides in the control of agricultural pests (Deacon, 1983) and insect
vectors of a variety of human diseases {Service, 1980).

There is need to improve some areas in B.thuringiensis, use/application,
especially the delivery system for either the B.thuringiensis or their toxins since
traditional products are relatively unstable in the environment; increasing

potency and designing future products that will prevent or at least delay the
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development of resistance; and thirdly, broaden the host range. These can be
achieved only when the mode of action and the underlying mechanisms for
selective toxicity are fully studied and understood. This work will therefore add
to current knowledge and help to further elucidate these underlying
mechanisms.

Characterization of the toxic moiety in addition to being an essential step
in understanding the mode of action, would give impetus to genetic
manipulations which could enhance effectiveness. The cloning of insecticidal
crystal protein genes (Whiteley Schnepf, 1986) and their expression in
plant-associated organisms (Obukowicz et al., 1986) or transgenic plants
(Barton et al., 1987; Vaeck et al., 1987) have provided attractive strategies for
the protection of crops against insect pests.

This research work was designed with the broad aim of determining the
mechanisms for selective toxicity in locally isolated strains of B.thuringiensis
that has entomopathogenic activities against the following species of insects:
Chilo partellus Swinhoe ( Lepidoptera:Pyralidae), Spodoptera exempta Walker
(Lepidoptera:Noctuidae), Glossina species (Diptera:Glossinidae) and both
Culicine and Anopheline mosquitoes. These insects were chosen to serve as
model systems in which the interactive processes that occur between the insect

and B.thuringiensis é-endotoxin will be studied.



NN
The specific objectives included the following:

To optimize the conditions for culturing B. thuringiensis and for the
isolation, purification and solubilization of the d-endotoxin.

To carry out studies on physical and immunological
characterization of the d-endotoxin.

To establish the presence of binding sites (receptors) for the 4-
endotoxin in the insect midgut membrane.

To carry out studies on the effect of B.thuringiensis §-endotoxin

on the activity of insect midgut ATPase
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CHAPTER 2.

LITERATURE REVIEW.

2.1 General properties of B.thuringiensis.

B.thuringiensis is an aerobic, gram positive, spore-forming, soil-dwelling
bacterium. Itis highly ubiquitous with thousands of isolates having been made.
B.thuringiensis is characterized by the production of proteinaceous crystalline
inclusions which appear concurrently with the spore during sporulation (Bechtel
and Bulla, 1976; Tyrell et al., 1979; Mikkola et al., 1982). The crystal protein
is synthesized de novo within the protein turnover that takes place during spore
formation (Somerville, 1971). The inclusions are variously referred to as
delta-endotoxin (d-endotoxin), parasporal bodies and insectiqidal crystalproteins
(ICPs). B.thuringiensis produces in addition to the d-endotoxins, a-exotoxin,
B-exotoxin and a louse factor (Burges, 1981). The a- and B-exotoxins are water
soluble. The host range covers not only invertebrates but vertebrates and even
microorganisms (McConnell and Richards, 1959; Heimpel, 1967; Krieg, 1971).
In contrast, the d-endotoxin is water insoluble and exhibits a limited host range

(Faust and Bulla, 1982).
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2.2 Fermentation of B.thuringiensis.

Factors that affect bacterial growth and é-endotoxin production during
fermentation are related to the medium and other culture conditions mainly pH,
temperature and aeration. Of these, the composition (quantitative and
gqualitative) of the culture medium is the most important. Several authors have
been able to demonstrate a direct relationship between the growth of the
organism and the medium. Scherrer et al.(1973) for instance, showed that a
relationship exists between glucose concentration and -endotoxin production.

Irrespective of differences in the nutritional needs between various
B.thuringiensis strains, the formulation of a fermentation medium must take into
account the physiological requirements of the organism in order to achieve
optimal biomass and more importantly, biological activity. For large scale
production, cost obviously becomes an important issue.

Although the primary aim of growing B.thuringiensis is to get a good
yield of the endotoxin, few studies have been done to specifically improve
growth conditions to maximize crystal production. Under optimal conditions
growth and sporulation (and by extension §-endotoxin production) of several
strains are reported to be maximized by high levels of aeration at a temperature
of 20° C-32° C (Dulmage and Rhodes, 1971; Dulmage, 1981 and Luthy et a/..
1982). In addition, Dulmage (1981) reported that a balance of nitrogen and
carbon levels is essential to prevent severe pH fluctuations during vegetative

growth which may inhibit the process of fermentation.
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CHAPTER 3.

MATERIALS AND METHODS.

3.1 Experimental insects.
Adult teneral males of G. m. centralis, 5th instar larvae of C. partellus
and 1st to early 4th instar larvae of Aedes aegypti and Culex quinquefasciatus,

were supplied by the Insect and Animal Breeding Unit of ICIPE.

3.2 B. thuringiensis isolates.
The three isolates used in this study: TIKKI, MF4B/2 and M37/2 which
are effective against G/ossina species; Chilo partellus and the mosquito species,

respectively, were obtained from the ICIPE Microbial bank.

3.3 Selection of media for the culture of B. thuringiensis.
The media for growth of the B. thuringiensis under study were

formulated as follows:
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Table 1: Composition of test media.
Media

M1* M2** M3 M4
Composition (g/l)
Glucose (monohydrate) 3 1 3 3
Yeast extract 2 2 2 2
Peptone - - - D
(NH4)2SO4 2 2 2 -
K,HPO,.3H,0 : 0.5 0.5 0.5 0.5
KH2PO4 - = = 0-5
MgS0,.7H,0 0.2 0.2 0.2 -
MnSO,.H,0 0.05 0.05 0.05 -
FeSO4.H20 = = 0.05 -
ZnS0,.7H,0 - - 0.05 -
CaCl, 0.08 0.08 0.08 -
Legend

- ingredient is absent in media
* medium from Luthy et. a/., 1982
** medium from Yousten et. a/., 1962
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200 ml aliquoted in five 500 mi Erlenmeyer flasks. The media were autoclaved
and inoculated with 2 ml of starter culture. The cultures were then incubated
for 72 h (200 rpm, 30° C). The medium used to culture MF4B/2 was adapted
from formulations studied by Magoma and Osir (1993, unpublished). The
medium was constituted using the following in g/l of distilled water; peptone,
5; glucose, 5 and supplemented with CaCl,, 0.08; MgS0,.7H,0, 0.2 and 0.05
of MnS0,.4H,0, FeS0O,.7H,0 and ZnS0O,.7H,0 (pH 7.2).

Shake-flask cultures grown for 72 h were harvested and centrifuged at
10,000 x g, 5 min, in a GSA rotor (DuPont Sorvall Instruments Inc., California,
U.S.A.). The pellet obtained was further resuspended in distilled water,
vortexed vigorously and centrifuged as before. This procedure was repeated
twice. After the final wash, the pellet was either resuspended in a small
quantity (%2 its volume) of distilled water to undergo separation of crystals from
spores, or was frozen at -20° C and subsequently lyophilized into powder (ibarra
and Federici, 1986). The powder was stored at 4° C until used. This was

resuspended in ice-cold distilled water prior to isolation of crystals.

3.5 Isolation of d-endotoxin.

Crystals of MF4B/2 and M37/2 were separated from spores by use of
gradient centrifugation employing a 40-70% (w/v) continuous sucrose gradient
(modified from Thomas and Ellar, 1983a). Gradients were made using a

gradient maker. Ten ml linear gradients were formed in polyallomer tubes{(14


















A0
(1000 x g, 30 min). Sodium azide (1%) was added to the resulting
supernatant. Aliquots of 100 ul (serum containing Abs) were stored in
Eppendorf tubes at -20° C. Prior to immunization, 5 ml of blood was collected,
processed and the serum used as a control when testing the presence of Abs

at the end of the immunization schedule.

3.10.2 Immunological procedures: 2. Antibody detection.

The presence of Abs from the rabbit antiserum was confirmed using
double radial immunodiffusion technique (Ouchterlony, 1958). This was
performed using 1% agarose (Serva, Feinbiochemica Heidelberg, New York) in
PBS (with 0.2% NaN,;, pH 7.2,) on glass slides. A well was punched at the
center of the glass slide and other wells made circumferentially around the
central well. Another set of wells were made for the control experiment. Ten
ul of pre-/post-immunization sera were placed in the appropriate center well for
the control/test experiments, respectively. Ten ul of the crystal, suspended in
PBS, protoxin and activated toxin were placed in separate peripheral wells. The
glass slide was incubated in a moist chamber (27° C, 48 h). The slide was
subsequently washed in several changes of PBS to remove excess protein. It

was dried, stained with Coomassie Brilliant Blue R-250 and then destained.
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3.12 Preparation of brush border membrane vesicles (BBMV)
3.12.1 Purification of BBMV.

Brush border membrane vesicles were prepared from midgut cells of C.
partellus and G. m. centralis using a method described by Biber et. a/. (1981)
and modified by Wolfersberger et al. (1987). The specific activity of a brush
border membrane marker enzyme, alkaline phosphate (AP) was monitored
during the purification procedure. Midguts dissected from either G. morsitans
centralis or C. partellus were washed twice in buffer (mannitol; 300 mM,
EDTA; 5 mM, Tris; 17 mM, pH 7.5) and homogenized in twice its volume of
buffer (4° C, 1 min) in a plastic vial. The cells were treated with an equal
volume of MgCl, (24 mM) and incubated for 15 min on ice. The sample was
then pelleted (1st pellet) by centrifugation in a Sorvall SS-34 rotor (3000 x g,
15 min, 4° C). The supernatant was transferred to another tube and
re-centrifuged (30,000 x g, 30 min, 4° C). The pellet (2nd pellet) was
resuspended in buffer containing MgCl,, vortexed thoroughly and pelleted again
(3rd pellet). The 1st and 3rd pellets were combined, resuspended in %
strength buffer and centrifuged (30,000 x g, 30 min, 4° C). The resultant
pellet which contained the BBMV was suspended in 1 ml of % strength buffer
and dialyzed against PBS (pH 7.2, 12 h). It was then stored at -20° C until
used. Scheme 4 gives a diagrammatical representation of the major purification

steps.
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3.12.2 Assay conditions for Alkaline phosphatase (AP).

The activity of AP was monitored during the purification of BBMV using
a modified method from Bingham and Malin (1992). The activity of the enzyme
was followed by incubating a known amount in the reaction buffer (0.1 M
glycine, pH 10 with 1% Triton X-100) with 4-nitrophenol phosphate (4-NPP,
0.6 M). The production of 4-nitrophenol (4-NP) was measured
spectrophotometrically (405 nm) at 1 min intervals for 3 min. A time course
experiment was conducted to determine the optimal incubation time for the
assay. 4-NPP (4 mM in distilled water) was added to 8 ml of reaction buffer
and incubated at 30° C in a small conical flask. Six tubes were numbered and,
to each, 3 ml of 0.1 M NaOH was added. The reaction in the flask was started
by the addition of 0.4 mg of AP. At 10 min intervals, 2 ml sample was
removed and added to the appropriate tube. The reading for zero time was
taken immediately after the addition of the enzyme. Spectrophotometric
readings were taken against a blank of 0.1 M NaOH. After the determination
of optimal incubation time, a standard curve was prepared and used in all
subsequent assays. Dilutions of 4-NP were made over a range of 0.005 mM
to 0.04 mM. Absorbance in each concentration was determined at 405 nm
against a blank of 0.1 M NaOH. A standard curve was then plotted using
absorbance against the amount of 4-NP present and recorded in ymoles (1
mM=1 ymole/ml). Midgut membrane preparations were assayed for AP

activity by incubating 10 ul of midgut protein preparation (30 min, 37° C) in the
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through an ethanol series from 30% - 96%, 10 min in each then into two
changes of absolute ethanol for 15 min in each case. The tissues were cleared
in two changes of propylene oxide for 10 min per change. They were then
infiltrated in araldite made in a 1:1 ratio with propylene oxide overnight then
infiltrated further for 24 h in fresh araldite. The tissues were finally embedded
in araldite and left to polymerize at 60° C for 72 h. The blocks were trimmed

using a block trimmer before sectioning.

3.14.3 Tissue sectioning and staining

Thick sections (1 um) were cut for light microscopy using a glass knife
mounted on an LKB ultramicrotome and collected on a drop of distilled water
on a microscope slide. The sections were dried on a warm plate and then
stained with toluidine blue with 1% borax on a warm plate. The stain was
washed off with distilled water, the slide dried and mounted in DPX. These
were examined under light microscope. Ultrathin sections for electron
microscopy were also cut using a glass knife. Ultrathin sections of golden to
silver colour ( as viewed on the water surface) were collected on uncoated 300
-mesh copper grids and later stained in concentrated uranyl acetate made in
50% ethanol, for 30 min. Excess uranyl acetate was washed off with 50%
ethanol and then with distilled water. The sections were counter stained in lead
citrate (Reynolds, 1963) for 10 min, then excess lead citrate washed off with

0.02 M sodium hydroxide and then with distilled water, and dried ready for
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3.15.4 Assay conditions for studying the effect of oligomycin and
B.thuringiensis d-endotoxin on midgut ATPase activity.

An assay was established, by measuring a constant and known amount
of enzyme (10 wug of partially purified midgut ATPase) against varying
concentrations of substrate (commercial ATP, Sigma Chemicals) ranging
between 0.5 to 6 mM. All other assay conditions remained the same as
described in section 3.15.1. The plot obtained formed the baseline and
subsequent assays done with either oligomycin or B.thuringiensis é-endotoxin

were compared to this.
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CHAPTER 4.

RESULTS AND DISCUSSION.

4.1 Selection of growth media using four formulations.
4.1.1 Microscopic examination of culture during fermentation .

During fermentation, the cultures were examined microscopically, firstly,
to observe for contamination and secondly, to assess bacterial growth.

The four test media types used in this initial media selection studies
covered a range of media already in use. Table 3 shows the characteristics as
observed under the microscope. The important parameters that were monitored
during growth were amount of growth (i.e. biomass) and at the end of the

growth phase, the number of spores and crystals (i.e. biological activity).
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Table 3: Biomass and Bioactivity of M37/2 and TIKKI during fermentation in four media
formulations.
M37/2 TIKKI
Medium Time Cells Spores Crystals Cells Spores Crystals
(h)
M1 24 + + = 2 & - _
48 + ++ + + + ++ + +
M2 24 + - - + + + + +
48 + - - + + + + + +
24 + + + + + + + + +++
M3 48 + ++ + + ++++ + + +++ ++ +
24 + + + - - ++ + - -
M4 48 +++ - + + ++++ + + ++
72 + + + + + + + ++++ ++ + +
Legend
- none
+ few
+ + moderate
++ + many

+ + + + very many
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4.1.3 Biological activity.
4.1.3.1 Age grading of A. aegypti larvae.

The results of the study on age grading of A.aegypti larvae are shown

in Table 5 and reveals an increase in length as larvae age.

Table 5: Age grading of A. aegypti larvae: mean of daily

length measurements.

Day Mean length £ S.E.(mm)
2 (1st instar) 1.32 + 0.03
3 (2nd instar) 2.23 £+ 0.06
4 (3rd instar) 3.16 £ 0.1
5 (Early 4th instar) 3.42 + 0.1
6 (Early 4th instar) 3.85 = 0.08
7 (Early 4th instar) 494 + 0.1
8 (late 4th instar) 5.13 £ 0.12

For each instar n = 20.
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4.1.3.2 Efficacy of M37/2 against different larval instars of

A. aegypti and C. quinquefasciatus.

Table 6 shows the efficacy of M37/2 against different instars of A.
aegypti and C. quinquefasciatus. M37/2 isolate was found to be effective
against the two mosquito species tested. Comparison of the data shows that
larvae of C. quinquefasciatus were more susceptible to the toxin having higher
LCs, values, especially, at the late developmental stages (instar 3 and 4). In Fig
2 the larval LDg,s and growth curve for A. aegypti larvae were compared.
Larval growth and LCg, of the B.thuringiensis toxin increased directly
proportional to age (r = 0.9). All instars were susceptible and the tradition of
using early 4™ instar larvae of A. aegypti for bioassays was justified. For
practical purposes, the 4™ instar larva is large in size (3-4 mm in length) and
can, therefore, easily be handled. Table 7 shows that the highest mortality

observed in A. aegypti was in M4.
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Table 6: Efficacy expressed as LCy, of M37/2 isolate against

different larval instars of A. aegypti and C.

quinquefasciatus.
Larval instar LCs, (spores/ml of broth)
C.quinquefasciatus A.aegypti
1 0.0079 0.034
2 0.028 0.226
3 5.290 1.042
4 6.240 1.227

For each instar n = 30.

Table 7: Mean mortality in A. aegypti exposed to M37/2
grown in different media.

Medium No.exposed No. dead after 24 h % mortality
M1 20 14 70 b
M3 20 13 65 c
M4 20 18 90 a
Control 20 2 10d

Values significantly different at P=0.05, Duncan’s Multiple Range Test.
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4.1.3 Efficacy of TIKKI against G.m.centralis.

From Table 8, the highest mortality (90%) was observed in M4 which

also recorded the highest spore count for this isolate.

Table 8: Mean mortality in G.m.centralis exposed to TIKKI

grown in different media.

Medium No of fed flies

No dead after 24 h

% Mortality

M1 17
M2 17
M3 16
M4 20
Control 20

10

8

10

18

3

58.8 b

47 ¢

62.5b

90 a

15 d

Means with the same letter are not significantly different.
Duncan’s Multiple Range test, P=0.05.
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These studies formed the basis for a more detailed study involving
thirteen media formulations with M3 as the basic formulation. The time of
maximum biomass and LCg, range already determined, formed an important

baseline data.

4.1.4 Further optimization of fermentation medium using
thirteen media formulations.
4.1.4.1 Estimation of bacterial growth.

Bacterial growth was monitored in the different media formulations by
cell and spore counts carried out at the end of the growth phase. Table 9 gives
the mean of three replicate counts done with different batches of culture.
Medium 2 maintained the bacterial cells in the vegetative stage for 6.8 days

without sporulation.



-70-

Table 9: Cell and spore counts for thirteen media formulations.

Medium Cell count/ml Spore count/ml
Mean + S.E. (x108)

1 2.1 £ 0.01b 1.9 £ 0.01 cd

2 2.2 £ Q.05 g 1.68 = 0.05 e

3 1.9 + 0.0b ¢ 1.99 + 0.03 cd
4 2.1 £ 0.05 b 2.0 £ 0.005 ¢

5 2.0 = 0.02 be 1.98 + 0.02 cd
6 20 £ 0.1 be 1.99 = 0.005 cd
7 2.0 = 0.1 bc 1.99 + 0.01 cd
8 2.2 + 0.05 =& 2.2 £ 0.01a

9 2.2 + 0.05a 2.1 £ 0.05b

10 2.2 £ 0.05 a 2.1 £0.02b

11 2.1 £0.02b 2.0 £ 0.03 ¢

12 2.2 £ 0.0b a 1.6 = 0.05 e

13 2.2 £ 0.02a 2.15 + 0.008 bc

Starter culture = 1.9 x10° cells/m Means with the same letter are
not significantly different. Duncan’s Multiple Range Test, P=0.05.
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a recommended standard procedure for any fermentation medium
(Abdel-Hameed et al., 1991). The variations of the amount of glucose and
nitrogen incorporated in the 2™ fermentation series did not affect either the
growth of the bacteria or the biological activity expressed by the broth.
Although an improvement in these parameters was expected, the result showed
that M3 in the first series was optimally constituted and therefore, an
improvement over this could not have been achieved with the components
being used.

Shake-flask cultures have two major disadvantages as a fermentation
technique. There is limitation in air supply and therefore, best growth would
be achieved when the nutrient content of the medium is kept low. This was
put into consideration when the media used in this study were being
formulated. Secondly, it is necessary to maintain a favourable pH level
(6.5-7.5) throughout the fermentation period . However, this cannot be
achieved in a shake-flask culture and therefore a careful balance between
nitrogen and carbon becomes even more important. Despite the limitations,
shake-flask culture is a useful method for laboratory-based B. thuringiensis small
scale production

The growth phases of B.thuringiensis have been routinely monitored by
assessment of such parameters as biomass, with particular attention on the
time of onset of sporulation and quantity of §-endotoxin produced and the time

required for complete lysis of the cells. These parameters are important
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The results obtained in this study were not compared to a standard
B.thuringiensis preparation so comparison of the data generated to those of
other workers was limited. However, the effective LCy, value of a dilution
factor of 10° - 10 containing on the average 2-3 x 10* spores/ml of diluent
compares closely to the range of 10*- 10° observed by Smith (1982) but were
higher than those of Pearson and Ward (1988). They, however, used whole
unwashed cultures and mortality could have been contributed by other culture
contents other than the bacteria and its products (that is crystals, spores )
unlike what was obtainable in the present report. Results obtained from the
thirteen media formulations did not improve on those obtained for the basic four
media already studied. The observations made, however, served in a large part
to reconfirm that bacterial counts cannot be used to ascertain biological
activity.

The fact that B.thuringiensis crystals can and do disintegrate after their
formation means that the processing and storage of harvested cultures must be
considered vital in the entire production process. The experience gained from
this study is that lyophilized B.thuringiensis samples maintained both protein
constitution and biological activity for several months (>9 months). In
addition, sucrose gradient separation of the powder proceeded as efficiently as

when freshly harvested cultures were used since it is recommended that the
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4.3.1 Discussion.

The implication of cross-reactivity observed between TIKKI and
MF4B/2isolates is that they are immunologically related. Using the primary
biological activity spectrum of the two isolates, they would be classified in
differentclasses[TIKKI: Dipteran-active (Cry 111); MF4B/2: Lepidopteran-active
(Cry 1)1 but immunological studies show that cross-reactivity can occur within
a class of B.thuringiensis proteins but not between classes. For instance,
antisera raised against Cry 1 proteins do not recognize Cry 11 proteins (Hofte
et al., 1988; Knoweles et al., 1986). It has however been reported that
cross-reactivity does not necessarily imply a similar toxicity spectrum whether
in vitro or in vivo. (Gill et al., 1992). Therefore, the interpretation of
immunological studies should be done cautiously and any cross-reactions
observed must of necessity be supported by biological activity demonstrated
through appropriate /in vivo assays. Bioassay results using MF4B/2 and TIKKI
isolates showed cross-biological activity (Vundla, personal communication.)
further strengthening the position that these two proteins are related
immunologically, displaying identical biological activity. They probably share
common protoxin molecules that are digested and differentially activated within
the insect midguts as has been reported for other strains (Debros et a/., 1986;
Haider et al., 1986).

Following the current and widely acceptable classification for

B.thuringiensis toxins (Hofte and Whiteley, 1989), one might propose that
























-109-

444 Solubilized midgut proteins.

Fig. 18 shows the separation of constituent proteins in the different
phases of tsetse midgut proteins solubilized in Triton X-114. The aqueous
phase obtained after extraction contained more protein subunits (lane 1) as
compared to the detergent phase (lane 3). Of significance is the fact that
re-extraction of the pellet after the first solubilization step revealed very little
protein content (lanes 11 and 12), indicating that solubilization and subsequent
extraction of proteins using this detergent was efficient. The electrophoretic

profiles of the proteins range between M, ~30-200 Kd.

4.4.5 Midgut membrane proteins interacting with
d-endotoxin.

4.4.5.1 Brush border membrane vesicles (BBMV).

Brush border membrane vesicles prepared from both G. m. centralis and
C. partellus were used to study the interaction of these with labelled protoxin
from TIKKI and MF4B/2, respectively. The results obtained were distinctively
different. As shown in Fig 19 which is an autoradiogram obtained after
incubation of TIKKI with BBMV of G. m. centralis, one band of M, ~ 68 Kd was
observed. Fig 20 shows the corresponding SDS-PAGE separation of proteins
after incubation with labelled toxin. In the case of MF4B/2, two bands of M, ~
68 and 64 Kd was observed on the autoradiogram (Fig 21). In addition, a third

band of much smaller molecular weight of M, ~28 was also observed.
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4.5 Histopathological studies.
4.5.1 Effect of toxins on midgut cells.

Fig 25 shows the toxic effect of TIKKI toxin on anterior midgut cells.
When compared to the control (A), large vacuoles appear in damaged cells with
complete destruction of cell organelles. The microvilli are also damaged and are
no longer observable. The basal membrane, longitudinal and circular muscles
also showed signs of pathology. Fig 26 is a section of the mycetome showing
both columnar and giant cells. The columnar cells are affected to an extent
comparable to the cells of the anterior midgut (Fig 25) but the giant cells
showed no apparent pathology. From Fig 27, the pathological signs of large
vacuoles and a breakdown in muscular tissues were observed although to a
lesser extent when compared to Fig 25. Fig 28 shows that damage to the
posterior section of the midgut was largely on the basal membrane. The

microvilli still appeared intact with minimal signs of pathological damage.

4.5.2 Effect of different toxins on midgut cells.

The result of exposing the anterior midgut to the three B.thuringiensis
toxin is shown in Fig 29. The damage observed was most severe in B
(MF4B/2) in which the muscular tissue layer was disrupted extensively, as
compared to A (TIKKI) in which only large vacuoles were observed with an
intact muscular tissue. No pathology was seen in C, with the entire cell

components remaining intact.
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4.6 Effect of B.thuringiensis 6-endotoxin on the

midgut K* ATPase activity.

4.6.1 Optimal assay conditions.

The results obtained after assaying K* ATPase activity in buffer
containing varying amounts of K* and Na™ concentrations are shown in Fig 30
and 31. The highest activity was recorded at 80 mM and 30 mM salt
concentrations for K* and Na*, respectively. Subsequently, the assay buffer

was prepared with these concentrations levels.

4.6.2 Partial purification of K™ ATPase.
The specific activity of K* ATPase in the partially purified form was
higher in the supernatant fraction when compared to the pellet fraction after the

purification steps. An increase of approximately 6-fold was recorded.

4.6.3 Inhibition by oligomycin.
Table 12 below shows the activity recorded for ATPase and the inhibitory
effect of oligomycin. The 51.4% reduction in activity was considered quite

significant.
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125|_toxin-receptor interaction studies with BBMV showed a toxin-protein
complex of M, ~68, 64 and 28 kd for MF4B/2 isolate and M, ~ 64 kd for
TIKKI isolate. The 64 kd protein is most probably a membrane receptor

occurring in both isolates.

Incubation of both buffer soluble and detergent extracted aqueous
midgut proteins with '?°|-toxin, and subsequent electrophoresis and
autoradiography revealed a band of Mr~ 62-64 kd which seemed to be

co-migrating with the labelled toxin.

Gel filtration of labelled toxin showed that protein and radioactivity
profiles peaked at the same point indicating that iabelling of toxin was

achieved even after a 2-step purification procedure.

Different radioactivity profiles were obtained for soluble and aqueous
proteins having one and two distinct peaks respectively. The peak of the
soluble protein corresponds to the second peak of the aqueous protein,
with both representing the elution point of excess '?°l-toxin in the
incubation mixture. The first peak in the aqueous protein is thought to

represent the toxin-protein complex.
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Appendix 2: Total cell count for 12 media formulation.
Medium Time (h) Conc Counts
1 2 3 Mean
1 S=48 1 128 127 118 124.3
L=54 2 22.6 20.6 21.3 21.5
3 S=47 1 109 103 102.3 104.7
L=53 2 12.3 12.3 13.3 12.6
4 S=28 1 137.6 179 169.3 108.2
L=45 2 24 26.3 29 26.4
5 S=47 1 49.6 69 70 62.8
L=54 2 29.6 29.6 30.3 29.8
6 §=17 1 118.3 114.6 113.3 115.4
L =40 2 13.6 13 15.3 13.9
7 S=72 1 122.6 131 135 129
L=78 2 13.3 15.3 14.3 14.5
8 S=48 1 190.6 222.3 219.6 210.8
L=55% 2 49 46.3 51.6 48.6
g S§=39 1 186.3 179 184 183.1
L =45 2 44.3 44.3 45.6 44.7
10 S=46 1 181.6 185 191 185.8
L=5b2 2 36.3 37.6 37.6 37.2
11 S=45 1 1565 133.3 149.6 145.9
| =49 2 28.3 27.6 28.6 28.5
12 S=46 1 213 216 213.6 214.2
L=52 2 36.3 33.3 40.3 36.6
13 S=46 1 232.6 251.3 228.6 237.6
L=52 2 34 39.6 32.6 35.4

S, Time at sporulation; L, Time at lysis; Conc., 1 = 10%and 2 = 107.



























