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cowdriosis considerably and would require more than one antigen in the
IFA assay. It still remains to be proven whether immunologically
identical stocks of Cowdria belong consistently to the same serotype.
Thus laborious cross-protection trials in experimental animals is still

the only means whereby Cowdria stocks may be typed.

Jongejan et al, (1989) suggests that the use of an ELISA based on common
antigenic determinants should improve the present situation regarding
serological diagnosis of the heartwater disease. The use of the common 27
kDa and/or the 31 kDa proteins of Cowdria in a serological assay should

therefore be investigated.

Purification and characterization of the 27 kDa and 31 kDa proteins of

Cowdria is discussed in the next chapter.
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Chapter 4

ISOLATION AND CHARACTERIZATION OF ANTIGENIC PROTEINS OF COWDRIA

4.1 INTRODUCTION

In the previous chapter, 2 antigenically conserved proteins, 1 an
immunodominant 31 kDa and the other a minor 27 kDa protein, were
described which are common amongst 9 stocks of Cowdria, differing in
antigenicity, virulence, pathogenicity, serotype and origin. These
proteins may be suitable for the development of nucleic acid probes,
diagnostic assays and vaccines. They therefore merit characterization
with respect to amino acid composition and sequence, immunogenicity and
protection against heartwater, glycoprotein content and isoelectric

point.

Amino acid analysis and partial sequencing of these proteins should make
it possible to develop appropriate oligonucleotide probes either for
screening Cowdria genomic libraries or for diagnosis of the disease.
Development of a monospecific antisera against either the 27 kDa or 31
kDa proteins, provided that they are immunogenic, would allow an
alternative means for identification of specific DNA clones coding for
these proteins. Although polyclonal antisera will recognise a maximum
number of epitopes presented by the recombinant antigen it often contains
antibodies to contaminants and lacks specificity (Robinson et al, 1988).
Monoclonal antibodies on the other hand recognise one epitope which may
not be expressed by a fusion protein, or are directed against
determinants sensitive to denaturing conditions (Knudsen, 1985). These

disadvantages could be overcome by using monospecific antibodies.
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The importance of characterization with respect to carbohydrate has
become increasingly evident after their influence on biological functions
such as antigenicity, turn over rate, stability or activity of a protein,
was discovered. The valency of an antigen may have a strong effect on its
immunogenicity. This is particularly true for large complex carbohydrates
which are much more immunogenic than simple compounds (Harlow & Lane,
1988). As prokaryotes are not capable of glycosylating proteins, their
presence would imply that these organisms incorporate host cell material.
Determination of whether the 27 kDa or 31 kDa are glycoproteins or not is

therefore of importance.

Characterization of a protein with respect to the isoelectric point
defines a physical parameter of the p;otein and has great significance.
For proteins it is the charged groups on the outside of the molecule that
contribute mostly towards the pI of that particular protein. However if a
protein is uncoiled, such as by urea, then a different charge structure,
and consequently a different pI can be expected. The pH of a protein in
urea usually cannot be correlated with that obtained in an aqueous
environment and vise versa. Results obtained in wurea have no
physiological meaning although they are of use wunder denaturing
experimental conditions which may be required for protein separation.
Furthermore, pK values are influenced by the actual environment in the
protein and, in extreme cases, may differ by several pH units from those
of the free amino acid. It is for these reasons that the pI wvalues of
different proteins span a very wide range and may be used as a

characteristic of a protein (Pharmacia, 1982).

Characterization of the 27 kDa and 31 kDa proteins requires purified
proteins separated from other contaminants. For the purification of large
quantities of proteins, gel permeation chromatography is more suitable
than gel electrophoresis. However in the course of protein separation and
purification by column chromatography, many problems arise regarding
adequate resolution. Furthermore the use of gel filtration and ion-
exchange column chromatography may not be the optimum choice when
proteins of similar charge-to-mass ratios and/or sizes are to be

separated.
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Selective solubilization of Cowdria proteins should further simplify
purification of specifically the 27 kDa and 31 kDa proteins. Partial and
selective protein solubilization can be obtained by a number of methods
involving chelating agents, manipulation of ionic strength and pH.
Protein pertubants (ie. urea, guanidine and chaotropic agents) and
enzymatic digestion have also been used. But the use of detergents
appears to provide the most general extraction method presently available
(Helenius & Simons, 1975). Sarkosyl, a mild anionic detergent, has been
shown to selectively solubilize the cytoplasm membrane proteins of gram-
negative bacteria (Ohashi et al, 1989). As Cowdria shows staining
characteristics of gram-negative bacteria (Cowdry, 1926) the possibility
of selectively solubilizing the 27 kDa and 31 kDa proteins of Cowdria was

investigated.

The use of polyacrylamide gel electrophoresis systems for the separation
of proteins via electrophoretic mobility in either the non-denatured or
denatured state offers significant enhancement of protein separation over
the above-mentioned methods. Purification of proteins may be complicated
by insolubility in aqueous solutions and could be overcome by
purification by SDS-PAGE. This method has been shown to offer high
resolution and simplicity for the separation of small quantities of a
specific protein from a crude extract. Two dimensional polyacrylamide gel
electrophoresis may be used to determine whether the 27 kDa and 31 kDa
proteins are homogeneocus, when separated by SDS-PAGE. This method offers
high resolution and sensitivity for the separation of proteins from a
complex Dbiological source since each dimension separates proteins

according to independent parameters (O'Farrel, 1975).

Circumstances may require a protein to be extracted from the gel in which
it was purified. Different methods for protein extraction from gels are
based either on diffusion from crushed gel slices or on electrophoretic
elution from the slices. Generally small proteins are eluted quantitavely
by most of these methods. Gel elution can be time consuming, inefficient
and limited by the difficulty in precisely excising the protein band from
a complex mixture due to the elastic nature of preparative polyacrylamide

gels. These problems may be circumvented by eluting intact proteins
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quickly and precisely from membranes under mild conditions with

detergents at high pH (Szewczyk & Summers, 1988).

If a protein is directly extracted or eluted from a SDS-PAGE gel for
amino acid analysis and partial sequencing, SDS and free amino acids may
be present contaminating the extract. This contamination will result in
interference on further amino acid analysis. Additionally, detecting
glycoproteins in polyacrylamide or agarose gels have several
disadvantages such as low sensitivity, high background staining, time
consuming protocols and SDS interference. These disadvantages are
eliminated by transferring the protein, electrophoretically, onto a PVDF
membrane for direct amino acid analysis, sequencing and glycoprotein
determinations (Moos et al., 1988; Nakagawa & Fukuda, 1989). The
immobilized proteins cannot diffuse or be washed out, they are readily
accessible to reagents or high-molecular ligands such as lectins, and
incubation or washing steps can be performed easily. PVDF membranes are
chemically inert and mechanically strong and therefore allow a broad
range of analysis to be done on the transferred protein. There are two
different methods to detect glycoproteins bound to immobilizing
membranes. Either chemicals that react with aldehyde groups formed by
periodate oxidation of vicinal hydroxyls of the carbohydrate moieties of
glycoproteins are used or, a highly specific detection of certain sugar
residues by means of lectins followed by a visualization step (Weiss et

al., 1991).

SDS-PAGE/electrophoretic transfer procedures have shown to give
reproducible and reasonably accurate compositions and partial sequencing
of several proteins. Only as little as 10 pmol of protein is required for
the analysis provided an on line automatic amino acid sequencer is used
(Tous et al, 1989; Matsudaira, 1989a). However, unacceptably low initial
sequencing yields have been encountered. The most likely cause for this
can be NH,-terminal blockage occurring during electrophoresis. This may
be due to reaction of primary amines with a substance resembling
acrylamide monomer which is released during electrophoresis. As
reactivity of these compounds increase with pH, operating at pH 7, as

opposed to pH 8,3 with the Laemmli procedure, would much less likely
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allow undesired modifications of the NH,-termini. A buffer system has
been developed which operates at pH 7,28 and does not contain glycine

which might interfere with sequence analysis (Moos et al., 1989).

However many proteins are not susceptible to the Edman degradation due to
natural blockage of the a-amino groups of the proteins. The nature of the
modified N-terminus cannot be easily determined and only a few of the
modifications can be chemically or enzymatically reversed. In the case of
a N-terminally blocked protein, the general way to obtain sequence
information will be to sequence peptide fragments generated by cleavage

of the polypeptide chain (Aebersold et al., 1987).

SDS-PAGE separated proteins either directly excised or transferred to
nitrocellulose membranes for use as immunogens has become increasingly
popular (Chiles et al, 1987), and were investigated for the preparation
of monospecific antisera against the 27 and 31 kDa proteins of Cowdria.
For optimum monospecific anti-serum production in rabbits 50-1000 ug
protein is generally required per immunization and in goats 500-2000 ug
(Harlow & Lane, 1988). To ensure that the correct dosage of antigen is
administered per immunization it is necessary to estimate the amount of
immunogen, in the SDS-PAGE gel or on the nitrocellulose membrane by using
standard proteins and appropriate staining and detection techniques

(Chiles et al, 1987).

In this chapter the purification and certain characteristics of the 27

kDa and specifically the 31 kDa proteins of the Cowdria are described.
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4.2 MATERIALS AND METHODS

4.2.1 Preparation of crude Cowdria extracts from cell cultures

Welgevonden or Kwanyanga stock infected crude cell culture extracts were
prepared as described in subsection 3.2.3. and used in purification and

characterization investigations of the 27 kDa and 31 kDa proteins.
4.2.2 Solubilization of Cowdria proteins with detergents

Various detergents were investigated for their ability to selectively

solubilize the 27 kDa and 31 kDa proteins from contaminating proteins.

Solubilization of the 27 and 31 kDa proteins of Cowdria with sarkosyl
detergent: Solubilization of Cowdria proteins was performed as described
by Ohashi et al (1989). A frozen Welgevonden stock infected crude cell
culture sample was thawed and centrifuged at 10 000 xg for 30 min at 4 °C
in a Beckman L7-55 centrifuge. The pellet was resuspended in 10 mM sodium
phosphate buffer, pH 7,4. The protein content of the resuspended pellet
was determined by the Bio-Rad protein assay (subsection 2.2.6.). Five
volumes of aliquots of 400 ug protein each were treated with 1 ml of
0,05 %; 0,1 %; 0,5 %; 1 % or 2 % Sarkosyl detergent in 10 mM sodium
phosphate buffer, pH 7,4 and one with water as a control. The samples
were incubated at 37 °C for 30 min. Hereafter the samples were
centrifuged at 16 000 xg for 30 min at 4 °C in a BGH Hermle 2230 M
microfuge. The respective supernatants were collected and 300 pl of a
buffer containing 0,06 M Tris-HCl (pH 6,8), 16 % glycerol, 2 % SDS, 2,5 %
DTT and 0,001 % bromophenol blue (SDS-PAGE sample buffer) added to each.
A volume of 200 ul SDS-PAGE sample buffer was also added to each pellet.
Each sample was incubated at 100 °C for 10 min. The samples were subjected
to SDS-PAGE (subsection 2.2.11.), one gel was stained with Coomassie
stain and the other western blotted onto PVDF membranes (subsection
2.2.12.) and probed with anti-Welgevonden bovine serum (subsection

2.2.13.).
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Solubilization of the 27 kDa and 31 kDa proteins of Cowdria with SDS or
Tween 20: A frozen Kwanyanga stock infected crude cell culture extract
was thawed and divided into six equal aliquots. The aliquots were
centrifuged at 10 000 xg for 30 min. The supernatants were decanted and
the pellets resuspended in 1 ml of one of the following solutions: a)
water; b) 0,05 % Tween 20/water; c¢) 1 % SDS/water; d) 0,05 M HEPES
containing 0,154 M NaCl, pH 7,4 (HEPES+); e) 0,05 % Tween 20, 0,05 M
HEPES and 0,154 M NaCl, pH 7,4 (0,05 % Tween 20/HEPES+) and f) 1 % SDS,
0,05 M HEPES and 0,154 M NaCl, pH 7,4 (1 % SDS/HEPES+). The protein
content of each solution was determined by the Bio-Rad protein assay

(subsection 2.2.6.).

An aliquot of each sample representing 80 ug of protein was centrifuged
at 16 000 xg for 30 min in a BHG Hermle 2230 M microfuge. The
supernatants were collected individually and a 100 ul of SDS-PAGE sample
buffer was added to each. A volume of 50 ul SDS-PAGE sample buffer was
also added to each corresponding pellet. All the samples were then
incubated at 100 °C for 10 min and subjected to SDS-PAGE (subsection
2.2.11.).

4.2.3 Two dimensional electrophoresis

Two dimensional electrophoresis (2DE) was performed as described by
O'Farrel (1975) to determine the homogeneity of the 27 kDa and 31 kDa
proteins, when crude infected cell culture material is subjected to SDS-

PAGE.

Sample preparation: A volume of 541 ul of Welgevonden stock infected
crude culture extract (prepared as described in subsection 3.2.3.),
representing 2 mg protein, was centrifuged in a Hermle 2230 M microfuge
at 16 000 xg, for 30 min at 4 °C. The pellet obtained was resuspended in
400 ul of a solution containing 10 mM CHAPS, 9,5 M urea and 2,5 % (w/v)

DTT (CHAPS solution). This resuspended sample was incubated for 10 min at
37 °C. Hereafter 400 ul of a solution containing 4 % (w/v) Triton X-100,

9,5 M urea, 2,5 % (w/v) DTT and 4 % (v/v) ampholines (3 % pH 3,5-10; 1 %
pH 5-7) (Triton X-100 solution) was added to the mixture and incubated

for a further 10 min at 37 °C. The mixture was then centrifuged in a
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Hermle Z230 M microfuge at 16 000 xg for 15 min at 4 °C. The supernatant,
which will be referred to as 2DE soluble sample, and the corresponding
pellet, which will be referred to as the 2DE insoluble sample, were

aliquoted and stored at -20 °C.

First dimension: isoelectric focusing. Isoelectric focusing was performed

L)

as follows: The gel solutions contained 55 % (w/v) urea, 7 % (w/v)

o\@

acrylamide, 0,1 % (w/v) bis acrylamide, 3,5 % (w/v) Triton X-100, 34
(v/v) water, 6,5 % (v/v) Ampholines (pH range 3,5-10) and 2,2 % (v/v)
Ampholines (pH range 5-7). The gels were degassed under vacuum and
polymerized by the addition of 0,02 % (w/v) ammonium persulphate and 0,12
% (v/v) TEMED in 12 mm x 3 mm gel tubes. The gels were prefocused firstly
for 15 min at 200 V followed by 30 min at 300 V and lastly for 30 min at
400 V with an electrophoresis constant power supply ECPS 2000/300
{(Pharmacia). The anode and cathode solutions were 0,01 M H3PO, 0,02 M NaOH
respectively. Hereafter each gel was overlayed with 15 ul 2DE soluble
sample solution, corresponding to approximately 38 ug protein and the

gels electrophoresed at 400 V for 15 h followed by 800 V for 60 min.

Processing of gel rods after IEF: The gels were removed from the tubes
with the aid of a syringe and used for electrophoresis in the second

dimension or stained with Coomassie.

Processing for the second dimension: The gel rods were immediately
equilibrated after IEF for 30 min in SDS sample buffer. Hereafter the

gels were ready for the second dimension.

Staining IEF gels: The gel rods were stained for 6 h in a solution
containing 0,05 % (w/v) Coomassie brilliant blue, 0,09 % (w/v) CuSOQ,, 17
% (v/v) acetic acid, 23 % (v/v) ethanol and 60 % water. Hereafter they

were destained with a 10 $ (v/v) acetic acid, 10 % (v/v) ethanol and 80 %

water.

Second dimension: SDS-PAGE. The second dimension was performed by SDS-
PAGE as described in subsection 2.2.11. The control sample (Welgevonden
infected crude culture extract) and LMW standards were prepared for

electrophoresis as described in 2.2.11. The top of the stacking gel was
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covered with 1 ml molten 1 % (w/v) agarose. The equilibrated first
dimension gel rod was immediately positioned on top of the molten agar
and imbeded with more agarose. Two wells, for the control and LMW
samples, were made on either side of the gel rod imbeded in the agarose.
Electrophoresis was performed with an electrode buffer containing 0,02 M
Tris-HCl, 0,1 M glycine and 0,06 % SDS, pH 8,3 at constant current of 20
mA for the stacking gel followed by 25 mA constant current for the
separating gel. After SDS-PAGE, one gel was stained with Coomassie
(subsection 2.2.11.) and the other gel western blotted onto PVDF membrane
(subsection 2.2.12.) and immunostained with bovine anti-Welgevonden serum

(subsection 2.2.13.).
4.2.4 Production of Monospecific anti-serum

The use of proteins electroblotted onto nitrocellulose membranes was
first investigated for use as immunogen in production of monospecific
anti-serum. This was found to be unsuitable due to protein losses.
Alternatively proteins excised from SDS-PAGE gels were wused as

immunogen.

Western blotting, protein and immuno staining of Nitrocellulose membranes
for use as immunogen: Welgevonden stock infected and uninfected crude
cell culture extract proteins were separated by SDS-PAGE (subsection
2.2.11.). The separated proteins were western blotted onto NC membranes
using a method similar to that used for PVDF membranes (subsection
2.2.12.). The only modification to the procedure was that 4 NC membranes,
packed on top of one another, instead of 1 PVDF membrane, were used for
each western blot. After the western blot, the membranes were either
stained with dye or immunostained as described below for the detection of

the 27 kDa and 31 kDa proteins.

Coomassie staining was performed as described in subsection 2.2.11. or
alternatively the membranes were stained with 1 % Fast Green for 5 min
and destained in a solution containing 50:40:10 v/v of

methanol:water:acetic acid.
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Immunostaining of Cowdria proteins on the NC membranes was done by
modification of the Amersham protocol for hybond membranes (Amersham,
1990). The NC membranes were blocked by incubating them with 0,01 M
sodium phosphate, 0,15 M NaCl, pH 7,5 (PBS) containing 0,1 % Tween 20 and
5 % Elite milk powder for 60 min or overnight (this and all subsequent
steps were carried out at room temperature on an orbital shaker).
Hereafter the membranes were incubated for 60 min with bovine anti-
Welgevonden serum (prepared in subsection 3.2.2.) diluted 1:200 with PBS
containing 1 % Elite milk powder. The membranes were washed 3 times for 5
min each with PBS containing 1 % Tween 20. This was followed by
incubating the membranes for 60 min with peroxidase-conjugated rabbit
anti-bovine IgG (Cappel) diluted 1:500 with PBS containing 1 % Elite milk
powder. The membranes were washed 3- times for 5 min each with PBS
containing 1 % Tween 20. The proteins were detected by immersing the
membranes in 0,06 g chloronaphtol/20 ml cold methanol containing 0,06 ml
30 % Hy0,/100 ml 20 mM Tris-HCl, pH 7,4 for 20 min. After the termination

of substrate development by rinsing the membranes in distilled water, the

membranes were dried and stored at room temperature.

Monospecific anti-serum production with proteins excised from SDS-PAGE
gels: Preparative SDS-PAGE was performed with crude, Welgevonden stock
infected E5 cell cultures (subsection 2.2.11.). An amount of 1900 ug
crude protein was loaded per 1,5 x 120 x 160 mm gel, corresponding to 133
ug of the 27 kDa protein and 114 ug of the 31 kDa protein. The amount of
protein was estimated from a standard curve obtained after scanning a
Coomassie stained SDS-PAGE gel of Welgevonden stock uninfected and
infected cell cultures and known amounts of BSA and chymotrypsinogen A.
After preparative SDS-PAGE the gel was briefly rinsed in several changes
of distilled water and stained with 0,3 M CuCl, for 5 min as described by
Lee et al. 1987. Hereafter the gel was rinsed in several changes of
water. The protein bands were viewed against a black background and the
27 kba and 31 kDa protein bands excised with a scalpel. A volume of PBS
was added to the excised bands of one preparative gel giving a final
volume of 2.5 ml. The gel was then fragmented by passing back and forth

between 2 syringes first connected by a 19 G needle followed by a 21 G
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needle. The fragmented gel was stored at -70 °C until required for

immunization.

Two rabbits were immunized with the 27 kDa protein and 2 rabbits and a
goat with the 31 kDa protein. Each rabbit was immunized with either 133
ug of the 27 kDa protein or 114 ug of the 31 kDa protein per immunization
and the goat was immunized with 266 ug 31 kDa protein per immunization
according to Table 4.1. All inoculations were administered subcutaneous
(s.c.) and intramuscular (i.m.). The serum collected at intervals
indicated in Table 4.1 were evaluated and titers determined by
immunostaining using Welgevonden stock infected c¢rude cell culture
extracts as antigen in the western blots (Subsection 2.2.12. and
2.2.13.).

TABLE 4.1. Protocol for production of monospecific anti-serum
in rabbits and a goat.

Day | Inoculum/bleed Day | Inoculum/bleed

0 bleed 56 antigen
antigen/FCA (1:1)

14 bleed 70 bleed

28 antigen/FIA (1:1) 84 antigen

42 bleed 96 bleed

Determination of whether the 31 kDa protein of Cowdria 1is protective
towards infection with heartwater: The goat that was immunized with the
31 kDa protein of Cowdria as described above, was challenged 48 weeks
after the first inoculation with 5 ml Welgevonden stock blood stabilate.
A heartwater naive goat and a goat that was inoculated with 5 ml
Welgevonden stock blood stabilate (subsection 3.2.2.), was likewise
challenged. Daily rectal temperatures of the goats were monitored. They
were not treated when heartwater symptoms developed and the cause of

death was determined by post mortem investigations.
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4.2.5 Amino acid analysis

Welgevonden stock infected crude cell culture extract was subjected to
SDS-PAGE (subsection 2.2.11.), blotted onto a PVDF membrane and stained
with Coomassie (subsection 2.2.12.). A strip of approximately 10 x 1 mm
was excised from the membrane at the position of the 31 kDa protein. A
piece of membrane of equal dimension was cut from the same sheet of

membrane directly next to the protein, to serve as a blank control.

Amino acid analysis by HCl hydrolysis: Amino acid analysis was performed
according to the PICO-TAG method of Immobilon Tech, 1989. The data
obtained was statistically analysed according to a Parameters of
Varieties program written by Dr Van Ark, computer section, 0.V.I.,
Onderstepoort. The bands were placed in pyrolyzed hydrolysis tubes of 6
x 50 mm. The sample tubes were placed into a larger glass vessel
containing 200 ul of 6 N HCl containing 7 % thioglycolic acid. The
container was sealed and evacuated after flushing with N, gas and placed

in an oven at 110 °C for 24 h.

Extraction: After hydrolysis, 50 ul of 30 % methanol in 0,1 N HCl was
added to the tubes containing the samples and vortexed repeatedly over a
period of 30 min. The extraction was repeated twice. Hereafter all the
samples were dryed by adding 10 ul of a solution consisting of 2:2:1
(ethanol:water:triethylamine) to each. After mixing gently the samples

were evaporated under vacuum and derivatized.

Derivatization: Standard PITC derivatization and reverse phase HPLC
analysis were performed according to the Waters Product Bulletin (1984).
A volume of 20 ul derivatization reagent consisting of 7:1:1:1 (v/v)
ethanol:triethylamine:water:PITC was added to each dried sample. The
mixture was mixed by vortexing for a few seconds. The tubes were placed
in a reaction vial and left at room temperature for 20 min thereafter it
was placed under vacuum and allowed to dry thoroughly. The samples were

removed and subjected to HPLC.
Separation of amino acid derivatives: A volume of 200 pl and 100 ul of

the PICO-TAG diluent was added to the amino acid standard mixture and
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samples respectively and 8 ul of the standard mixture and 20 ul of each
sample was injected for HPLC analysis. A 3,9 mm x 15 cm Pico-Tag column
was used to separate the PTC amino acid derivatives. The following buffer
system was used: buffer A - 0,14 M sodium acetate pH 5,7 and buffer B -
60 % acetonitrile. The HPLC was performed with the buffer gradient as set

out in Table 4.2. and the amino acid derivatives monitored at 254 nm.

TABLE 4.2. Amino acid analysis HPLC gradient

profile.

min. flow % A % B
ml/min

0 1 90 10
10 1 49 51
10,5 1 0 100
12,7 1,5 0 100
13,2 1,5 90 10
20,7 1,5 90 10
21 1 injection of sample
repeat

Tryptophan analysis by MSA hydrolysis: MSA hydrolysis was performed
according to the Millipore instruction manual on duplicate samples to
determine the tryptophan content of the 31 kDa protein. Duplicate bands
were placed in pyrolyzed hydrolysis tubes (6 x 50 mm) and 20 pl of 4 M
MSA containing 0,2 % (w/v) tryptamine HCl was added to each sample. The
sample tubes were placed into a larger reaction vial containing 100 ul of
water and evacuated. Hydrolysis was then carried out at 110°C for 24 h.
After completion of the hydrolysis, the wvial was cooled to room
temperature and 22 ul of 4 M KOH added to each sample tube and dried
under vacuum. Extraction, derivatization and identification of the amino

acids were performed as described above for HCl hydrolysis.

Cysteine analysis by performic acid oxidation: Performic acid hydrolysis
was performed according to the Millipore instruction manual on duplicate
samples to obtain the cysteine composition of the 31 kDa protein. A
solution of 1:9 (30 % Hy0,: 88 % HCOOH) was vortexed for 30 min at room
temperature before being placed together with the samples, on ice for 30

min. Thereafter 25 ul of the solution was placed into each sample tube,

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



sealed and incubated at 4°C for 16 h. Hereafter 5 ul octanol was added to
each sample tube and, whilst mixing, 8 pl of 48 % HBr was added slowly.
The samples were then incubated at 0°C for 30 min and evaporated under
nitrogen gas. Hydrolysis, extraction, derivatization and identification

were performed as described above for HCl hydrolysis.
4.2.6 Amino acid sequencing
Manual gas phase amino acid sequencing.

The 31 kDa protein obtained as described below was subjected to manual
gas phase amino acid sequencing (Brandt & Frank, 1988). horse
apomyoglobin, spotted onto PVDF membrane, was sequenced beforehand to

test the method.

bPurification of the 31 kDa protein by SDS-PAGE for amino acid sequencing:
SDS-PAGE was performed with the pH 7,28 MZE 3328.IV buffer system (Moos
et al., 1988). Gels of 1,5 x 120 x 160 mm were prepared. The stacking
gel contained 4% acrylamide, 0,1% bisacrylamide, 0,1% SDS and 25% gel
buffer (gel buffer: 0,5 M BIS-TRIS, 0,1 M thioglycolic acid and 0,2 M
HCl, pH 6,61). The separating gel contained 12% acrylamide, 0,3%
bisacrylamide, 0,1% SDS and 25% gel buffer. Each gel was polymerized by
the addition of ammonium persulphate and TEMED at final concentrations of
0,05% and 0,1% respectively in the stacking gel and 0,05% each in the
separating gel. Crude resuspended Welgevonden stock infected cell
cultures and low molecular weight standard samples were dissolved in
12,5% gel buffer, 16% glycerol, 2% SDS, 2,5% DTT and 0,001% bromophenol
blue by heating at 100°C for 10 min. Electrophoresis was performed with
the following electrode buffers: cathode electrode buffer (upper
chamber) = 0,04 M TES, 0,1 M BIS-TRIS and 0,1% SDS, pH 7,25 and the anode
electrode buffer (lower chamber) = 0.06 M BIS-TRIS, 0,05 M HC1l, pH 5,9.
The gels were western blotted onto PVDF membranes (subsection 2.2.12.)

and stained with Coomassie (subsection 2.2.11.).

Manual amino acid sequencing: Glass filters (Whatman GF/C) were prepared
by soaking in TFA for 2 h and washing 4 times with butylchloride. The

filters were dried in vacuo and placed at the bottom of a conical glass
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column as a basis for the PVDF membrane. Alternatively a scintered
conical glass column was used. A volume of 15 ul 5 % PITC in heptane was
added evenly to completely wet the PVDF membrane. The glass column and a
tube containing 1 ml 5 % TEA was placed into a small desiccator, purged
with N, gas, evacuated for 1 sec and incubated at 50°C for 30 min. The
glass column containing the membrane was dried under vacuum for 5 min and
then washed twice with 200 ul heptane, twice with 200 ul ethyl acetate
and once with 200 ul butylchloride before being dried under vacuum for 5
min. The glass column was placed in the small desiccator together with a
tube containing 0,5 ml TFA, purged with N, gas, evacuated for 30 sec and
incubated for 15 min at 50°C. The tube containing the TFA was removed
before evacuating for 5 min. The ATZ derivative was extracted twice from
the PVDF membrane with 200 ul butylchloride, into an Eppendorf tube.
Hereafter the PVDF membrane was dried in vacuo stored at 4°C or the next
coupling step performed immediately. The ATZ extract was evaporated under
a stream of N,, 50 ul 20 % TFA added, purged with N, gas and incubated for
10 min at 80°C. The TFA was evaporated under a stream of N, gas and stored

at 4°C until the next day for identification.

The PTH-amino acids were dissolved in 20 ul methanol and identified by
HPLC on a Cyg-PTH ultrasphere 4,6 mm x 25 cm (Beckman) column using the
following buffers (Column Data Sheet, Beckman): Buffer A = 5,8 mM sodium
acetate, pH 5,1 and Buffer B = 10 % tetrahydrofuran in acetonitrile with
a gradient of 0-40 % Buffer A over 20 min followed by 40 % Buffer A for
10 min and 40-0 % Buffer A for 7 min at a flow speed 1,3 ml/min in a

Beckman System Gold.
Automated amino acid sequencing.

Automated amino acid sequencing was performed on the following samples:
31 kDa protein eluted from electroblotted PVDF membranes or SDS-PAGE
gels, CNBr peptide fragments of electroeluted 31 kDa protein and horse

apomyoglobin electroeluted from SDS-PAGE gels.

Elution of the 31 kDa protein electroblotted onto PVDF membranes: The
elution was performed as described by Szewczyk and Summers, 1988. SDS-

PAGE separated (subsection 4.2.6.) crude, Welgevonden stock infected cell
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cultures were electroblotted onto PVDF membranes (subsection 2.2.12.).
The membranes were either stained with Coomassie (subsection 2.2.11.) or
0,2 % (w/v) amido black 10B for 20 min. The band containing the 31 kDa

2 membrane of 50

protein was excised from the membrane and 200 ul per cm
mM Tris-HCl, pH 9,0 containing 2 % SDS and 1 % Triton X-100 was added,
vortexed and centrifuged for 20 min at 20 000 xg. The supernatant was
collected and 4 times the volume of acetone added and incubated overnight
at -20°C. The protein was pelleted by centrifuging at 20 000 xg for 20
min thereafter the supernatant was removed and the pellet stored at

-20°C.

A portion of the pellet was checked for purity by SDS-PAGE (subsection
2.2.11.). The gel was stained with Coomassie or western blotted onto PVDF
membranes (subsection 2.2.12.) and immunostained (subsection 2.2.13.)
with goat anti-Welgevonden serum prepared as described in subsection
3.2.2. The rest of the sample was used for automated amino acid

sequencing.

Electroelution of the 31 kDa protein from SDS-PAGE gels: The 31 kDa
protein was alternatively electroeluted from a Coomassie stained SDS-PAGE
gel. Horse apomyoglobin was also electroeluted from the same Commassie
stained SDS-PAGE gel and used to determine whether the purification

procedure leads to N-terminaly blocked proteins.

The protein bands were excised from the Coomassie stained SDS-PAGE gel
(subsection 4.2.6.), cut into small pieces and soaked in 0,5 % (w/v) C-
TAB containing 10 % 2-merkaptoethylammonium and 0,45 M acetic acid for 60
min at room temperature. The equilibrated gel pieces were placed into the
elution chamber of the Bio-Trap containing C-TAB buffer. The buffer
chamber of the Bio-Trap was filled with 0,45 M acetic acid and
electroelution performed at 200 V for 120 min at room temperature. After
the current was reversed for 30 sec the eluted sample was removed from
the chamber and freeze dried. Electroelution was continued for a further
120 min and the eluted sample collected into a clean Eppendorf tube and
freeze dried. A volume of 200 ul methanol was added to each freeze dried

sample followed by 800 ul cold acetone. This solution was incubated at

- 84 -

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



-20°C for 30 min and centrifuged at 11 000 xg for 6 min. The supernatant
was removed and the pellet washed with 800 upl cold acetone and
centrifuged at 10 000 xg for 6 min. The supernatant was removed and the
pellet dried under vacuum. The purity of the sample was determined by
SDS-PAGE (subsection 2.2.11.) before amino acid sequencing or CNBr

cleavage.

CNBr cleavage of the 31 kDa protein and high performance liquid
chromatography of the CNBr cleaved peptides: The 31 kDa protein was
electroeluted from a Coomassie stained gel as described above and CNBr
cleavage performed as described by Matsudaira, 1989b. A volume of 50 ul
70 % formic acid was added to the electroeluted and dried 31 kDa protein
and thereafter a 600 molar excess of CNBr in 70 % formic acid was added.
After incubating overnight at room temperature the samples were dried
under N, gas. An aliguot was investigated by SDS-PAGE (subsection
2.2.11.) and the rest subjected to HPLC.

The CNBr cleaved peptides were separated on a narrow-bore VIDAC C4 column
2,5 x 400 mm, reverse-phase HPLC system (Millipore). The sample was
dissolved in 100 ul TFA and HPLC was performed with the following buffer
system: 10 min isocratic with 0,1 % TFA in water and 60 min 0-100 %
gradient of 0,08 % TFA in 70 % acetonitrile. The peptides were detected
by monitoring at 229 nm. The peptide containing fractions were collected
manually into Eppendorf tubes, freeze dried and stored at -20°C.

Automated amino acid sequencing was performed on selected peptides.

Automated amino acid sequencing: Sequence analysis was performed in a gas
phase sequencer constructed as outlined by Hewick et al., 1981, and
slightly modified as described by Brandt et al., 1984. The converted PTH
amino acids were identified by isocratic HPLC system in 3 x 250 mm 3

Lichrospher C,g (Bishoff) column as described by Lottspeich, 1985.
4.2.7 Glycan assay

Welgevonden stock infected and uninfected cell cultures were subjected to
SDS-PAGE (subsection 2.2.11.), western blotted onto PVDF membranes

(subsection 2.2.12.) and assayed for carbohydrates by an enzyme
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immunoassay according to the protocol described in the Glycan kit

(Boehringer Mannheim).

All incubations were performed by gentle agitation at room temperature,
except for colour development which was done without shaking. The
membranes were wetted with methanol, washed in 50 mM KH,PO, containing 150
mM NaCl, pH 6,5 (buffer A) and incubated in 100 mM sodium acetate buffer,
pPH 5,5 containing 10 mM sodium metaperiodate, for 20 min. The membranes
were then washed 3 times for 10 min with buffer A and incubated with 25
pl digoxigenin-succinyl-e-amidocaproic acid hydrazide dissolved in 25 ml
100 mM sodium acetate buffer pH 5,5, for 60 min. After washing 3 times
for 10 min with buffer A and thereafter incubated for at least 30 min in
0,5 % blocking solution dissolved in 0,05 M Tris-HCl; 0,15 M NaCl, pH
7,5. Hereafter the membranes were washed 3 times for 10 min each with
buffer A and incubated in 10 ul sheep anti-digoxigenin alkaline
phosphatase conjugate per 10 ml buffer A for 60 min. After washing 3
times 10 min with buffer A they were stained with staining solution: 10
ml 0,1 M Tris-HCl, pH 9,5; 0,05 M MgCl,; 0,1 M NaCl; 37,5 ul 5-bromo-4-
chloro-3-indolyl- phosphate; 50 ul nitroblue tetrazolium chloride
solution. The staining solution was mixed 3just before use and the
membranes immersed into the staining solution without shaking. The colour
development was stopped after 15 min by rinsing the membranes in several

changes of distilled water, air dried and stored at -20°C.
4.2.8 Isoelectric focusing

Denaturing IEF: Denaturing IEF was performed according to Giulian et al.,
1984. Welgevonden stock infected crude cell culture extract, the 31 kbDa
protein PVDF eluted (subsection 4.2.6.) and standard proteins (Pharmacia)
with known iscelectric points were dissolved 1:1 in a sample buffer
containing 15 % (v/v) glycerol, 2 % (v/v) Triton X-100, 8 M urea, 15 mM
DTT and 2,4 % (w/v) ampholyte pH 3-10 (Bio-Rad). Gels of dimensions 0,75
x 80 x 80 mm, containing 5,5 % (w/v) acrylamide, 0,15 % N,N-methylene
bisacrylamide, 10 % (v/v) glycerol, 2 % (v/v) Triton X-100, 8 M urea, 2,4
% (w/v) ampholyte pH 3-10, 0.1 % (v/v) TEMED and 0.04 % (w/v) ammonium

persulphate were cast at 37°C. Prefocusing was performed using 0,02 M
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NaOH at the cathode (upper chamber) and 0,02 M CH3COOH at the anode
(lower chamber), at 200 V for 15 min followed by 300 V for 30 min and 400
Vv for 30 min, at 10°C. The samples were then loaded into preformed wells
and electrophoresis carried out at 400 V for 16 h followed by 800 V for 1
h. The gel was either stained with Coomassie or western blotted onto PVDF

membranes and immunostained as described below.

Coomassie staining was carried out as follows: The gel was submerged into
20 % (w/v) trichloroacetic acid solution and allowed to fix for 30 min
and then incubated in ethanol:acetic acid:water (33:10:57) with 0,25 %
(w/v) SDS for 30 min and rinsed 4 times with ethanol:acetic acid:water
(33:10:57) for 15 min. The gel was stained for 120 min in ethanol:acetic
acid:water (33:10:57) containing 0,05 % (w/v) Coomassie R-250 followed by
destaining in several changes of ethanol:acetic acid: water (33:10:57).
The gel was then dried in a Hoefer scientific instrument slab gel drier.
The isocelectric points of the separated samples were determined from a
standard curve of pl versus distance of the zones, measured from the

cathode.

Western blotting of the IEF gel was performed as followes: A piece of
Whatman filter paper was placed on a glass plate allowing both ends of
the filter paper to be submerged in 10 mM CAPS buffer, pH 9, blotting
buffer. This was sequentially overlayed with the IEF gel, PVDF membrane,
3 layers of Whatman filter paper, several layers of tissue paper and a
weight. After incubating for 20 h at room temperature the membrane was
subjected to immunostaining as described in subsection 2.2.13. with goat
anti-Cowdria 31 kDa protein monospecific serum diluted 1:5000 (prepared

as described in subsection 4.2.4.).

Native IEF: The 31 kDa protein was eluted from electroblotted PVDF
membranes as described in subsection 4.2.6. This protein as well as
protein standards with known isoelectric points were dissolved in
distilled water and applied at the anodal, cathodal or middle position.
IEF was performed in a PhastSystemTM using PhastGel IEF 3-9, as described

by the Pharmacia instruction manual (Pharmacia).
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Staining was performed in the PhastSystem as followes: The gel was fixed
with 20 % (w/v) trichloroacetic acid for 5 min at 20 °C and washed 2
times 2 min each at 20 °C with 30 % methanol and 10 % acetic acid in
distilled water (3:1:6). Hereafter the gel was stained in a solution
containing 0,02 % Coomassie R 250, 30 % methanol, 10 % acetic acid in
distilled water and 0,1 % (w/v) CuSO, for 10 min at 50 °C. This was

followed by destaining with 30 % methanol and 10 % acetic acid in

distilled water (3:1:6) for 10 min at 50°C.

4.3 RESULTS

4.3.1 Solubilization of Cowdria proteins with detergents

Solubilization of the 27 kDa and 31 kDa proteins of Cowdria with Sarkosyl
detergent: Treatment of Welgevonden stock infected crude cell culture
extracts with various percentages of Sarkosyl detergent did not result in
selective solubilization of the 27 kDa and 31 kDa proteins of Cowdria.
This conclusion could be made as both the Coomassie stained SDS-PAGE gel
and the immunoblot show that the 27 kDa and 31 kDa proteins appear
together with the majority of proteins, either in the pellet or soluble

supernatant (Fig 4.1.).

Welgevonden stock infected crude cell culture extracts were also treated
with SDS-PAGE sample buffer (subsection 2.2.11.) which did not contain
DTT (-DTT), to determine whether the 27 kba and the 31 kDa proteins are
single polypeptide chains or not. The 27 and 31 kDa proteins of Cowdria
were detected in the immunoblot irrespective of whether DTT was present

or not (Fig 4.1.).
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FIGURE 4.1. SDS-PAGE protein patterns of Welgevonden stock infected crude
cell culture extracts after Sarkosyl detergent treatment. a) Coomassie
stained gel and b) Western blot probed with anti-Welgevonden bovine
serum. p = pellet; s = supernatant.
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Selective solubilization of the 27 kDa and 31 kDa proteins of Cowdria
with SDS or Tween 20: The 27 kDa and 31 kDa protein could also not be
selectively solubilized by either SDS or Tween 20. Cowdria infected crude
cell culture extracts were solubilized 93 % with 1 % SDS/Water and 73 %
with 1 % SDS/HEPES+. Treatment with Water, HEPES+, Tween 20/Water or
Tween 20/HEPES+ only resulted in an average of 45 % solubilization of the
proteins (Fig 4.2. and Table 4.3.). The percentage of proteins
solubilized was determined by dividing the number of protein bands in the
Coomassie stained SDS-PAGE gel of the supernatant by the number of

protein bands in the pellet and multiplying by 100.

1 X Sps/
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31—
27—

20,1
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FIGURE 4.2. Coomassie stained SDS-PAGE protein patterns of various
detergent treatments of Kwanyanga stock infected crude cell culture
extracts. s = supernatant. p = pellet.
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TABLE 4.3. Solutions tested for solubilization of
Kwanyanga stock infected crude cell culture extracts and
the percentage of proteins solubilized.

Solubilization solution % protein solubilized
Water 45
0,05 % Tween 20/water 49
1 % SDS/water 93
HEPES+ 42
0,05 % Tween 20/HEPES+ 44
1 % SDS/HEPES+ 71

4.3.2 Two dimensional electrophoresis

When Welgevonden stock infected crude cell cultures were subjected to 2D
electrophoresis, Coomassie staining of the IEF gel revealed 20 protein
bands while Coomassie staining of the SDS-PAGE gel showed 15 light spots
and only one, very prominent, spot at 31 kDa (Fig 4.3.). The 20,1 kDa LMW
marker and therefore other proteins in this molecular weight range,
migrated in the dye front. Immunostaining of the second dimension gel
detected only one very prominent spot at 31 kDa and nothing at the 27 kDa
position (Fig 4.3.).

Immunoblot analysis of SDS-PAGE separated 2DE insoluble and soluble
samples detected the 31 kDa protein in the pellet, supernatant and
control sample while the 27 kDa protein was only detected in the

supernatant and control (results not shown).
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FIGURE 4.3. Two dimensional electrophoresis (IEF first dimension and
SDS-PAGE second dimension) protein profiles of Welgevonden infected crude
cell culture extracts. a) Coomassie stained gel and b) Western blot
probed with bovine anti-Welgevonden serum. Lane 1 and 2, Low molecular
weight standard and Welgevonden infected «c¢rude culture extracts
respectively subjected to one dimension SDS-PAGE.
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4.3.3 Production of monospecific anti-serum

For production of monospecific anti-serum against the 27 kDa and 31 kDa
proteins electroblotting SDS-PAGE separated proteins onto nitrocellulose
membranes was initially investigated. Coomassie staining of the
electroblotted NC membranes (four consecutive membranes) detected the
highest concentration of proteins on the first membrane, next to the gel,
with a gradual decrease in protein content from the second to the fourth
membrane. When the fourth membrane was coloured with Fast Green better
distinction of bands with 1little background was observed. Coomassie
staining resulted in high background and therefore difficulty in
detecting bands. Immunoblotting of membranes 1-4 detected only light
bands in the high molecular weight region on membrane 1 (results not

shown) .

After western blotting, Coomassie staining of the SDS-PAGE gel showed
that a large quantity of proteins were still in the gel. This method
therefore resulted in large losses as protein either remained in the gel
or passed through at 1least four NC membranes during electroblotting.
Therefore it was decided to excise the required protein band directly out

of the SDS-PAGE gel for use as immunogen.

To ensure that the correct dosage of protein was administered to the
rabbits and goat a standard curve for Coomassie stained proteins in a
SDS-PAGE gel was prepared. The protein content of the 27 kDa and 31 kDa
bands in the SDS-PAGE gel were 4 and 3,5 ug, respectively, when
determined from a BSA standard curve and 10 and 6 ug, respectively with
chymotripsinogen A as standard. The the average protein content of the 27
kDa and 31 kDa bands, when 100 ng of Cowdria infected crude culture
extract was subjected to SDS-PAGE, was determined to be 7 and 6 ug,

respectively.

Two rabbits were inoculated with the 27 kDa protein. Serum from one of
these rabbits remained negative even after three inoculations and only
recognised the 31 kDa (and not the 27 kDa) protein after the fourth
immunization (results not shown). Serum from the second rabbit identified

the 31 kDa (and not the 27 kDa) protein of Cowdria after the second
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administration. After the third immunization the 27 kDa and the 31 kDa

proteins were recognized (Table 4.4. & Fig. 4.4.).

Two rabbits were inoculated with the 31 kDa protein. Serum obtained from
both rabbits recognised the 27 kDa and the 31 kDa proteins after the
second, third and fourth inoculation (Table 4.4. & Fig. 4.4.).

One goat was inoculated with the 31 kDa protein. The serum recognised the
31 kDa protein and cross reacted with the 27 kDa protein at low serum
dilutions after the first, second, third and fourth inoculation (Table
4.4, & Fig. 4.5.). Other Cowdria proteins were also recognized by the
serum and only a cell culture protein in the region just above 31 kDa was
recognised at a dilution of =< 1:200. The IFA assay titer of the goat
serum collected on day 98 was determined to be 1:5100.

TABLE 4.4. Immunoblot titers obtained from monospecific anti-serum
prepared in rabbits and a goat. Only serum from one of the duplicate

animals was tested. * -~ inoculated with the 27 kDa protein and # -
inoculated with the 31 kDa protein.

Reciprocal of immunoblot titer
Day Day Rabbit Rabbit Goat
Immunized|bled 27 kDa 31 kDa 31 kDa
* # #
27 31 27 3N 27 31
kDa kDa kDa kDa kDa kDa
0 14 neg neg neg neg 1000 125 000
28 42 neg 40 200 1000 5000 125 000
56 70 40 200 200 1000 5000 125 000
84 98 200 1000 200 1000 1000 125 000
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or 31 kDa proteins of Cowdria. Lanes 6, 7 & 8, also representative of
days 70 and 98 anti-31 kDa serum.
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FIGURE 4.5. Western blot analysis of resuspended, crude, Cowdria infected

and uninfected cell culture extracts probed with goat anti-serum raised
against the 31 kDa protein of Cowdria.
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Determination of whether the 31 kDa protein of Cowdria is protective
towards infection with heartwater: Both the goat that was immunized with
the 31 kDa protein of Cowdria and the naive control goat developed a
febrile response after challenge lasting for 5 and 6 days respectively
and they subsequently died (Fig. 4.6.). Post mortem investigations
confirmed heartwater as the cause of death. The goat previously immunized
with Welgevonden stock blood stabilate did not develop a febrile response

after challenge and was immune to heartwater.
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FIGURE 4.6. Daily rectal temperatures recorded of goats challenged
(previously exposed to Welgevonden stock or the 31 kDa protein) or
primarily infected (naive) with Welgevonden stock infective blood
stabilate.

4.3.4 Amino acid analysis

The amino acid composition of western blotted 31 kDa protein of Cowdria
is tabulated below (Table 4.5.). From this it was calculated that the 31
kDa protein contains 23 % acidic and 12 % basic amino acids. It appears
that the 31 kDa protein does not contain tryptophan or cysteine since
these amino acids were absent following MSA hydrolysis and performic acid

oxidation, respectively.
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TABLE 4.5. Amino acid composition (residues per mole) of the 31 kbDa
protein of Cowdria western blotted onto PVDF membranes.

amino acid Average no
component of residues
t SD
n=2>5

asp 41 = 4
glu 28 ¢+ 3
ser 33 ¢+ 3
gly 29 ¢ 2
his 7 ¢ 1
arg 11 ¢ 2
thr 22 £ 2
ala 24 + 1
pro 9 t+ 3
tyr 15 £ 1
val 14 + 1
met 5 ¢+ 1
ile 17 + 3
leu 17 £ 1
phe 13 ¢ 2
lys 19 = 1
cys 0

trp 0

4.3.5 Amino acid sequencing

Manual amino acid sequencing was first performed on 6000 pmol horse
apomyoglobin spotted onto a PVDF membrane. Despite background peaks and
low amino acid recoveries the first 12 amino acids were correctly
identified (Table 4.6.). As the amount of the gly and leu (1st and 2nd
amino acid of apomyoglobin) was not known neither the initial yield or
repetitive yield could be determined. Since preliminary amino acid
analysis trials revealed that electroblotting of the PVDF membrane
removed background amino acids the 31 kDa protein was electroblotted onto
PVDF membranes and sequenced manually. With either approximately 100 pmol
or 1000 pmol of the 31 kDa protein no sequence concensus could be found
(Table 4.6.). Two factors were thought to contribute to this; either the
concentration of the 31 kDa protein was too low for manual amino acid

sequencing or the N-terminal of the protein was blocked.
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TABLE 4.6. Manual amino acid sequencing of apomyoglobin and the 31 kDa
protein of Cowdria.

apomyoglobin 31 kDa protein of C. ruminantium
Amino
acid 6000 pmol 100 pmol 1000 pmol
residue spotted electro- electroblotted
no. onto PVDF blotted onto PVDF
onto PVDF
a.a. pmol a.a.| pmol a.a. pmol a.a. pmol
1. gly asn 62 ser 226 asn 245
2. leu arg met 1882 glu 260
3. ser 173 ? gln 812 thr 109
4. asp 438 asn ? cys
pro
5. gly 1873 met tyr 196 gln 131
arg
6. glu 2606 pro 59 ser 85
7. trp ser 59
8. gln 90 arg 429
9. gln 175 asn
gly
tyr
10. val 233 arg 625
1. leu 144 met 381
12. asn ser

Automated amino acid sequencing is far more sensitive than manual
sequencing and was done on approximately 300 pmol of the 31 kDa protein
eluted from PVDF membranes. SDS-PAGE and immunoblot analysis, with goat
anti-Welgevonden polyclonal serum, of the eluted 31 kDa protein showed a
single polypeptide band at 31 kDa (Fig 4.7.). An inconsistent amino acid

sequence with amino acid recoveries in the 10 pmol range was obtained.

To determine if N-terminal blockage occurred during the isolation, bands
containing approximately 4000 pmol horse apomyoglobin or 2000 pmol of the
31 kDa protein, both excised from Coomassie stained SDS-PAGE gels, were
electroeluted and subjected to on-line automated sequencing. The first 3
amino acids of horse apomyoglobin were identified with recoveries in the
200 pmol range. No clear amino acid sequence could be obtained for the 31
kDa protein. Therefore it was concluded that the protein was N-terminally

blocked. Since the partial sequence of horse apomyoglobin could be
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obtained after electrophoresis and electroelution, isolated identically
to the 31 kDa protein, it can be reasoned that the 31 kDa protein did not

become N-terminaly blocked during the isolation procedures.

Amino acid analysis revealed that there are 5 methionine residues per
mole of the 31 kDa protein. Therefore the 31 kDa protein was cleaved with
CNBr to yield peptide fragments not N-terminally blocked. Approximately
1600 pmol of the 31 kDa protein was excised from SDS-PAGE gels. Re-
electrophoresis of the electroeluted protein showed a single polypeptide
in the region of 31 kDa with relatively low protein recovery (Fig 4.7.).
Purification of the resultant CNBr peptides by HPLC showed several peaks
(Fig 4.8.). The amount of material cleaved with CNBr appeared to be in
the region of approximately 3 ug as the size of the HPLC peaks were very
small in comparison to peak heights of 10 upg standard histone peptides.
Automated amino acid sequencing was performed on the indicated selected
purified peptide (Fig 4.8.). The sequence was verified by repeating the
protein purification, cleavage, peptide purification and analysis. The

following sequence was obtained:

Met - Pro - Ile - Ala - Glu - Asp - Phe - Gly - Asp - Thr
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FIGURE 4.7. SDS-PAGE analysis of a) PVDF eluted and b) SDS-PAGE

electroeluted 31 kDa protein of Cowdria. b) is a photo print.
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FIGURE 4.8. HPLC chromatogram of peptides released after CNBr cleavage of
the 31 kDa protein of Cowdria.

* - peptide sequenced. Buffer = 0,08% TFA
in 70% acetonitrile.
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4.3.6 Glycan assay

The glycan enzyme immunoassay revealed that the 29 kba and 31 kDa
proteins of Cowdria are not glycoconjugated proteins (Fig 4.9.). No
conclusion could be made as to whether the 27 kDa or other proteins of
Cowdria are glycoproteins or not as the patterns of infected and

uninfected cell cultures were identical.

Coomassie stained
membrane

goat a Wig serum
glycan enzyme
immunoassay
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20,1
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FIGURE 4.9. Glycan enzyme immunoassay, immunostaining and Coomassie
staining of c¢rude, Welgevonden stock infected and uninfected cell

cultures.
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4.3.7 1Isoelectric focusing

Denaturing IEF: The PVDF eluted 31 kDa protein used in the IEF was not
homogeneous. Two protein bands were observed when the eluted protein was
run on SDS-PAGE and IEF. This was due to difficulties experienced when
cutting out the protein from membranes. However, an immunoblot of the
denaturing IEF gel, with the monospecific goat anti-31 kDa serum,
detected two very light bands in the crude extract. One band corresponded
to the PVDF eluted 31 kDa protein band position on the IEF gel. As the
monospecific anti-serum detects both the 27 kDa and the 31 kDa proteins
the other band must be the 27 kDa protein. Therefore the isoelectric
points of the 27 kDa and 31 kDa proteins were determined to be 5,2 and

5,7 respectively, under denaturing conditions (Fig. 4.10.).

Native IEF: The isoelectric point of the 31 kDa protein, under native
conditions, could not be determined because the protein precipitated

regardless of the position of application.

e !
g &, °%
8§ £ &, &
a x oM Y4 x
pl
9,3 —_ kDa
8,65
8,45 I
8,15
7,35 —
6,85 — —
6,55 —— ———t
58 —mmm — 3
52 — = — 27
4,55 —— ——
3,5 —
| | |
a b

FIGURE 4.10. Representation of analytical denaturing isoelectric focusing
of the 31 kDa protein of Cowdria. a) Coomassie stained gel and b) Western
blot probed with anti-31 kDa protein goat serum.

- 103 -

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



4.4 DISCUSSION

Selective solubilization of specifically the 27 kDa and 31 kDa proteins
of Cowdria could not be obtained by Sarkosyl, SDS or Tween 20 detergent
treatment of heartwater infected crude cell culture extracts. However, 1
% SDS treatment of Cowdria infected crude cell culture extracts resulted
in 93 % solubilization of all proteins. SDS-PAGE sample buffer should
therefore sufficiently solubilize Cowdria proteins for further
purification by SDS-PAGE, as 2 % SDS is used. Solubilization with SDS-
PAGE sample buffer, with or without DTT, resulted in detection of both
the 27 kba and 31 kDa proteins by immunoblots. Therefore both these

proteins are single polypeptide chains.

Two dimensional electrophoresis of Welgevonden infected crude cell
culture extracts revealed that the 31 kDa protein is a major component
and probably not contaminated with other proteins of different pI but the
same molecular weight. The homogeneity of the 31 kDa protein is relative
as the impurities may be present at too 1low concentrations to be
detectable. However if that is the case they should not interfere with
further characterization as the protein of interest is by far in
abundance. The 27 kDa protein was not detected in either the Coomassie
stained gel or immunoblot of the second dimension. This may be due to a
number of proteins including the LMW standard protein of 20,1 kDa and the
27 kDa protein migrating at the dye front of the uniform 10 % acrylamide
gel (used in the second dimension). An acrylamide gel of 12 % should be
used which would not result in proteins with molecular weight 2 20 kDa
migrating at the dye front. The only disadvantage of a 12 % acrylamide
gel is that the distribution of proteins in 2DE is not uniform. The
overall poor detection of Cowdria proteins in the second dimension may be
due to separation of proteins of the same molecular weight but different
pI, resulting in each individual protein being present in too low
concentration to be detected by Coomassie. Additionally, low detection
can also be as a result of protein loss due to equilibration of the IEF
gel before SDS-PAGE. Coomassie detects 10 ng protein in comparison to

autoradiography which can detect 10 pg protein, when 100 pg of protein is
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loaded onto a gel. Sensitivity may also be increased when using the
Coomassie stain by loading at least 100 ug of protein onto the IEF gel as
opposed to 38 ug of protein which was loaded (0'Farrel, 1975). As the 31
kDa protein appears to be homogeneous it can either directly be excised
from SDS-PAGE gels or be transferred onto PVDF membranes for further

characterization.

The use of the 27 kbDa and 31 kDa proteins blotted onto nitrocellulose
membranes for the preparation of monospecific anti-serum was unsuitable
as it resulted in large losses of protein. Since proteins excised from
SDS-PAGE gels resulted in higher yields and the acrylamide polymers are
chemically inert and do not induce an immune reaction in animals (Harlow
& Lane, 1988) they were used as immunogen. The amounts of protein, 114 ug
of 27 kDa and 133 ug of 31 kDa protein, used per immunization of the
rabbits fell well in the margin of 50-1000 ug protein recommended (Harlow
& Lane, 1988). The goat was however immunized with 266 ug of the 31 kDa
protein, which was well below the margin of 500-2000 pg protein required
per immunization (Harlow & Lane, 1988). Nevertheless the goat serum gave
higher immunoblot titers (1:125 000) than the rabbit serum (1:1000), with
respect to the 31 kDa protein. This emphasizes the individuality with
which each immunogen is to be treated when immunization experiments are
to be planned and carried out. Furthermore the response between two
animals of the same or different species may differ. Harlow & Lane,
(1988), states that even in genetically identical animals, a single
preparation of antigen will elicit different antibody responses. When
outbred animals are used, such as rabbits and goats, these differences
become more apparent. Several animals should therefore be used for an

immunization program and screened separately (Harlow & Lane, 1988).

Although antibodies have become useful reagents for identification,
localization and purification of proteins, their usefulness depends on
their specificity. The results obtained when monospecific antisera were
prepared against the 27 kDa and 31 kDa proteins, suggest that the 27 kDa
and 31 kDa proteins share common epitopes and that the epitopes on the 31
kDa protein are immunologically and antigenically dominant in comparison

to the 27 kDa protein. The antibodies that are produced and directed
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towards these epitopes are therefore termed heteroclitic antibodies
(Retegui & Paladini, 1986). Although the isolated 27 kba and 31 kDa
proteins were in a denatured state they retained their immunogenicity
which was also unaltered by the staining procedures. The monospecific
anti-serum prepared against the 31 kDa protein appears unspecific at low
serum dilutions, in the immunoblot and the specificity increased as the
dilution of the serum increased. However, the anti-27 kDa and anti-31 kDa
sera does not react with cell culture proteins at high serum dilutions
and are therefore specific for Cowdria proteins. They may therefore be

used to screen Cowdria expression libraries.

The acidic nature of the 31 kDa protein as determined from the amino acid
composition correlates with the pI of 5,7 that was obtained by IEF.
Results of amino acid analysis must be evaluated carefully and critically
due to the fact that the quantification of several amino acids is biased
because of artefacts caused by contamination (affecting gly, glu, ser),
the hydrolysis procedure (affecting cys, ser, thr, trp, met, tyr), the
derivatization procedure (affecting lys) or chromatography (affecting
his) (Eckerskorn & Lottspiech, 1990). Knowledge of the pI of a protein is
important for the proper use of several purification techniques such as
disc electrophoresis, isotachophoresis, IEF, ion-exchange chromatography

and even ammonium sulphate fractionation (Righetti & Caravaggio, 1976).

If the partial amino acid sequence of a protein is known, it is possible
to use the genetic code to predict the nucleotide sequence of the
relevant gene. This prediction will always be an approximation, as only
methionine and tryptophan can be unambiguously assigned to triplet
codons. All other amino acids are coded by 2 or more codons each (Brown,
1986). From the partial amino acid sequence of the 31 kDa protein of
Cowdria the following nucleotide sequence can be derived:
amino acid sequence: Met-Pro-Ile-Ala-Glu-Asp-Phe-Gly-Asp-Thr
nucleotide sequence: AUG-CCU-AUU-GCU-GAA-GAU-UUU-GGU-GAU-ACU

C Cc C G C C C C C

A A A A A
G G G G

If all 10 amino acids are to be used to derive a nucleotide sequence, 21

of the 30 nucleotides can be predicted with certainty and a total
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degeneracy of 12288 will exist. To decrease the total degeneracy of the
nucleotide, and increase the specificity, a nucleotide segquence can be
derived from a minimum of 6 amino acids. Therefore by choosing either the
amino acid sequence of ala-glu-asp-phe-gly-asp or glu-asp-phe-gly-asp-
thr, 12 out of the 18 nucleotides can be predicted with certainty with a
total degeneracy of 256. An oligonucleotide probe can therefore be
constructed synthetically and the probe may be used to screen Cowdria DNA
libraries to find the gene coding for the 31 kDa protein. The selected

gene may then be isolated, cloned and characterized.
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CONCLUDING DISCUSSION

The aim of this investigation was to identify, purify and characterize
antigenic proteins of Cowdria. It was hoped that data from these
investigations might clarify and explain the differences observed between
stocks of Cowdria regarding their pathogenicity and immunogenicity. This
in turn could lead to the development of a specific diagnostic test and
possibly the development of a subunit vaccine protecting against
antigenically different stocks. A disadvantage of most available assays,
for diagnosis in the live animal, is that they are unreliable, unspecific
and insensitive. False positive and false negative results are frequently
obtained. The identification of a major, common 31 kDa protein of
Cowdria may be the breakthrough to a more specific and sensitive
diagnostic assay for heartwater. The recent development of a CELISA
specific for Cowdria, using a monoclonal antibody which reacts with an
immunodominant, common 32 kDa protein of Cowdria confirms this (Jongejan
et al., 1991). The fact that the 31 kDa protein is a major, common
protein holds promise for its use in diagnostic assays either in an ELISA
or as an oligonucleotide probe. It is therefore important that the gene
coding for the 31 kDa protein be identified and cloned. This may lead to
a source of large quantities of pure DNA or the expressed protein for use

in diagnostic assays.

There are 2 alternative pathways to follow in order to identify the gene
of the 31 kDa protein: either screening of Cowdria genomic libraries with
a synthetic oligonucleotide derived from the partial amino acid sequence
of the 31 kDa protein or screening of Cowdria genomic expression
libraries with the monospecific anti-serum. However it has been reported
that the yield of Cowdria DNA, purified from cell cultures for the
construction of a genomic library has consistantly been low (Wilkens &

Ambrosio, 1989). Therefore for the isolation of Cowdria DNA, large

- 109 -

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



quantities of pure organisms free from cell culture DNA is required.
Results obtained in the investigations described here indicate that the
NSIAC column's capacity and specificity was very low and impractical for
large scale purification. Unless a broader range of antibody specificity
is obtained together with a greater column capacity the problem of
insufficient quantity and partially pure Cowdria organisms shall remain.
However NSIAC resulted in sufficient partially purified material for
electron microscopic, SDS-PAGE, immuncoblotting, ELISA and infectivity

analysis.

One of the reasons for limited antibody diversity against antigen
mixtures containing a variety of proteins is non-specific suppression due
to intermolecular antigenic competition. That is inhibition of the immune
response to one antigen caused by the administration of another. Passive
immunization may be used to overcome this suppression, ie. application of
passively administered antibodies raised against dominant antigen and the
resulting decrease of antigenic competition will lead to the enhancement
of the immune response to weak immunogens (Thalhamer & Freund, 1985).
Passive immunization may improve antibody diversity and thus the

diversity of the NSIAC, resulting in purer Cowdria organisms.

The possible link between albumin and the difference in the sedimentation
rate of Cowdria before and after NSIAC should be further investigated.
Removal of the factor responsible for sedimentation of the organism at
lower centrifugal forces, when derived from cell cultures, should lead to
partial purification by differential centrifugation. By combining NSIAC
with differential centrifugation and including an additional purification
step, such as density gradient centrifugation, purer organisms may be
obtained. However, if pure Cowdria organisms, free of host DNA, are
required for purification of Cowdria DNA, positive selection
immunoadsorbent chromatography (PSIAC) may be a better choice. PSIAC
using either the anti-31 kDa monospecific serum, prepared in these
investigations, or monoclonal antibodies to surface epitopes of Cowdria
should provide the specificity required and eliminate the problems

encountered with NSIAC.
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Amino acid sequence information of the 31 kDa protein may serve as a
starting point for further pursuits such as the screening of DNA
libraries to isolate, clone and characterize the gene. Obtaining a clone,
in addition to providing further sequence information allows quantitative
analysis of message expression and may be used to address cellular
localization using in situ hybridization (Kennedy et al., 1988). In the
molecular cloning of genes with the use of synthetic oligonucleotides,
using short stretches of amino acid sequence may give rise to false
positives. Multiple independent probes or a single probe with minimum
degeneracy will reduce the incidence of false positives (Aebersold et
al., 1987). Additionally two independent oligonucleotide probes derived
from peptide sequences can be used to amplify the intervening segment of
DNA by the polymerase chain reaction. This enzymatically synthesized
segment is a faithful, nondegenerative copy of the template and therefore
provides an ideal probe for the efficient screening of DNA libraries

(Aebersold & Leavitt, 1990).

Alternatively, the monospecific anti-serum can be used as probes to
identify recombinant clones producing either the 27 kbDa or 31 kDa
proteins of interest. Successful immunoscreening depends on the
specificity of the antibody. Antibodies that produce good signals on
immunoblots usually work well for expression library screening. Both
monoclonal and polyclonal antibodies have been used successfully. The
monospecific anti-serum produced in these investigations worked well on
the immunoblots of Cowdria proteins and should therefore produce good
results in screening expression libraries. The ability to detect a
variety of epitopes on a protein is important since DNA inserts often
will not be full length and hence only a portion of the polypeptide will
be expressed. Since a single epitope can be common to multiple proteins,
clones other than the desired recombinants may also be detected. Despite
the fact that the monospecific anti-serum recognised epitopes on other
proteins in immunoblots they were still specific for Cowdria proteins and

hold promise for use in screening expression libraries.
Considering that complete, partial or no cross-protection 1is observed

between various stocks of Cowdria in vitro, it seemed unlikely that the
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common 27 kDa and/or the 31 kDa proteins play a role in cross-protection.
This was confirmed by the observation that the goat that was immunized
with the 31 kDa protein failed to survive a challenge with heartwater
infective blood. This should be further investigated to determine whether
perhaps the titer at the time of challenge should be higher, dose of
antigen and immunization strategy be improved, before any conclusions may
be made. At present it seems that although the 31 kDa protein is
antigenically and immunogenically dominant it does not confer protection
against heartwater. Additionally no correlation could be found between
the serologically detectable antigens and cross-protection of certain
stocks. As cellular immunity rather than humoral immunity has been
suggested to play the dominant role in protection against heartwater (Du
Plessis et al., 1991), further investigation for proteins of Cowdria
that stimulate cellular immunity should be undertaken. This would have
to be investigated if a successful subunit vaccine is to be developed. A
lymphocyte transformation test (LTT) using various proteins of Cowdria
may reveal proteins which stimulate cellular immunity. However it should
be noted that an antigen which generates the protective immunity in vivo
might not necessarily be the dominating antigen in an antigen preparation
for LTT in vitro (Kristensen et al., 1982). Examining different stocks
of Cowdria at the DNA level may reveal differences between them. Probes
developed specifically for the different stocks may facilitate
epidemiological studies and stock differentiation. Alternatively the 31
kDa protein may be used as antigen in a serodiagnostic assay for the

detection of serum antibodies to Cowdria.

It is hoped that the diagnosis of heartwater disease may be improved
with either a DNA probe or a suitable serological assay utilizing the 31
kDa protein. Tests, such as those involving a DNA probe or ELISA are
suitable for large scale epidemiological studies that could lead to the
detection of important carriers, improved control strategies for the
disease and also assist in the evaluation of experiments planned to

improve the present blood vaccine.

- 112 -

Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021



SUMMARY

Cowdria ruminantium organisms were successfully cultured in endothelial
cells and used to investigate methods for purification of the organism

and to identify, isolate and characterize its antigenic proteins.

For the liberation of organisms from the endothelial cells it was found
that sonication was disadvantageous as it resulted in almost total
rupture of the organism and cell culture material. Release of whole
Cowdria organisms from cell cultures for further investigation was
obtained by a single freeze/thaw step. Differential centrifugation as an
initial step in the purification of the organisms from cell cultures
revealed that Cowdria sediments at relatively low centrifugal forces of <
10 000 xg. Negative selection immunoadsorbent chromatography of Cowdria
infected cell <cultures resulted in partial purification of viable

organisms. However, the capacity of the column was found to be low.

Immunoblotting of Cowdria proteins with sheep, Dbovine or goat
anti-Cowdria serum identified immunodominant antigenically conserved 31
kDa and 27 kDa proteins. These two proteins were present in the antigenic
protein profiles of the Welgevonden, Ball3 and Kwanyanga stocks. They
were also identified by sheep anti-serum to the Welgevonden, Ball3,
Kwanyanga, Mali, Comoro, Breed, Germishuys, Kimm and Mara stocks; bovine
anti-serum to the Welgevonden, Kwanyanga, Ball3, Mara, Breed and Mali
stocks and goat anti-serum to the Welgevonden stock. No 2 stocks revealed
identical or unique antigenic properties which could explain the

existence of immunologically related or unrelated stocks.

Isolation of the 27 kDa and 31 kDa proteins was attempted by means of
detergent solubilization. It was found that Sarkosyl, SDS or Tween 20
detergent treatment of heartwater infected cell culture extracts could

not selectively solubilize these proteins.
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However, sufficient quantities of the 27 kDa and 31 kDa proteins were

obtained by SDS-PAGE for further characterization.

The 27 kDa and 31 kDa proteins were found to be single polypeptide
chains. Two dimensional electrophoresis showed that the 31 kDa protein
was not contaminated with other proteins of the same molecular weight.
The amino acid composition of the 31 kDa protein indicated 23 % acidic
and 12 % basic amino acids and the absence of tryptophan and cysteine.
IEF analysis, under denaturing conditions, revealed that the pI of the 27
kDa and 31 kDa proteins are 5,2 and 5,7 respectively. An investigation
involving an enzyme immunocassay for carbohydrates showed that the 31 kDa
protein 1is not glycoconjugate. The partial, internal amino acid
sequence of the 31 kDa protein was determined and found to be: met-pro-

ile-ala-glu-asp-phe-gly-asp-thr.

Monospecific anti-serum was prepared against the 27 kbDa and 31 kDa
proteins in rabbits and a goat. Results indicated that these proteins
share common epitopes and that those on the 31 kDa protein are
immunologically and antigenically dominant in comparison to the 27 kDa

protein.

Further investigations are necessary to determine if the 31 kDa protein
is protective towards heartwater infection and if it would be suitable

for use in serodiagnostics of the disease.
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OPSOMMING

Cowdria ruminantium organismes is suksesvol in kulture gekweek en gebruik
vir ondersoeke van suiwerings metodes vir die organismes en vir

identifikasie, isolasie en karakterisering van hul antigeniese proteiene.

Vir die vrystelling van organismes vanuit endoteelselle is gevind dat
sonikasie beide die organisme en weefselkultuur materiaal beskadig. 'n
Vries/ontdooi stap was voldoende om organismes vanuit weefselkulture vry
te stel vir verdere studies. Differensiéle sentrifugasie, as 'n eerste
stap in die suiwering van Cowdria, het getoon dat die organismes by lae
relatiewe sentrifugale kragte van < 10 000 xg sedimenteer. Negatiewe
seleksie immunoadsorbent chromatografie van Cowdria geinfekteerde weefsel

kulture het tot gedeeltelike suiwering van lewendige organismes gelei.

Die kolom se kapasiteit was egter baie laag bevind.

Immunoklad van Cowdria proteiene met skaap, bees of bok poliklonale
anti-Cowdria serum het tot die identifisering van immuundominante,
antigeniese gekonserveerde 31 kDa en 27 kDa proteiene gelei. Albei
hierdie proteiene was teenwoordig in antigeniese profiele van
Welgevonden, Kwanyanga en Ball3 stamme. Hulle was ook geidentifiseer deur
skaap anti-serum teen die Welgevonden, Kwanyanga, Ball3, Mali, Comoro,
Breed, Germishuys, Kimm en Mara stamme; bees anti-serum teen die
Welgevonden, Kwanyanga, Ball3, Breed, Mara en Mali stamme en bok anti-
serum teen die Welgevonden stam. Geen 2 stamme het identies of unieke
antigeniese eienskappe getoon wat die bestaan van immunologiese verwante

of onverwante stamme kon verklaar nie.

Daar is gepoog om die 27 kDa en 31 kDa proteiene met behulp van
detergente te isoleer. Dit 1is gevind dat beide proteiene nie met
Sarkosyl, SDS of Tween 20 detergent-behandeling selektief in oplossing

gebring kon word nie. Daar kon egter genoegsame hoeveelhede van die 27
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kDa en 31 kDa proteiene deurmiddel van SDS-PAGE verkry word vir verdere

karakterisering.

Twee dimensionele electroforese het gewys dat die 31 kDa proteien nie met
ander proteiene van dieselfde molekulére massa gekontamineer is nie.
Beide proteine is enkel-polipeptiedkettings. Die aminosuur-samestelling
van die 31 kDa proteien het aangetoon dat daar 23 % suur en 12 % basiese
aminosure teenwoordig is en geen triptofaan of sistelen residue nie. IEF
analise, onder denaturerende kondisies, het gewys dat die pI van die 27
kDa en 31 kDa proteiene 5,2 en 5,7 onderskeidelik is. 'n Ondersoek met 'n
ensiem immuno-essai vir koolhidrate het getoon dat die 31 kDa proteien
nie 'n glikokonjugaat is nie. Die gedeeltelike interne aminosuur-
volgorde van die 31 kDa proteien is bepaal en vasgestel as: met-pro-ile-

ala-glu-asp-phe-gly-asp-thr.

Monospesifieke anti-serum teen die 27 kDa en 31 kDa proteien is in konyne
en 'n bok berei. Die resultate verkry dui daarop dat hierdie proteiene
gemeenskaplike epitope deel en dat dié van die 31 kDa proteien
immunologies en antigenies dominant is in vergelyking met dié van die 27

kDa proteien.

Verdere studies is nodig om vas te stel of die 31 kDa proteien beskermend
is teen hartwater infeksie en of die proteien geskik is vir gebruik in

serodiagnostiese toetse.
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Appendix A

Abreviations:
a.a. - amino acid
Abs - absorbance
ATV - activated trypsin versene
ATZ - anilinothiazolinone
B3 - Ball3
BA - bovine aorta cell
BIS-TRIS - [bis(2-hydroxyethyl)imino-tris(hydroxy-
methyl)methane
BLP - buffered lactose-peptone citrate
Bre - Breed
BSA - bovine serum albumin
CAPS - cyclohexylamine propane sulphonic acid
CELISA - competitive enzyme-linked immunosorbent assay
CHAPS - 3-[(3-cholamidopropyl)dimethylammonio]-

1-propane-sulphonate

Com - Comoro

C-TAB - N-cetyl-N,N,N,-trimethylammonium bromid
Da - Dalton

2DE - 2 dimensional electrophoresis
DEAE - diethylaminoethyl

DMSO - dimethyl sulfoxide

DTT - dithiothreitol

ES - calf endothelial cell

EB - elementary body

ELISA - enzyme-linked immunosorbent assay
EM - electron microscopic

FCA - Freunds complete adjuvant
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FIA - Freunds incomplete adjuvant

G - gauge

Grms - Germishuys

HEPES - 2-(4-(2-hydroxyethyl)-1-piperazinyl)-ethane sulphonic
acid

HPLC - high performance liquid chromatography

IB - immunoblot

IEF - isoelectric focusing

IFA - indirect fluorescent antibody

IgG - immunoglobulin G

i.m. - intramuscular

i.v. - intravenous

k - conglutinin

Kr - kilo rad

kDa - kilo-Dalton

Kwg - Kwanyanga

LMW - low molecular weight

LTT - lymphocyte transformation test

MSA - methane sulphonic acid

MW - molecular weight

n - number of variables

NC - nitrocellulose

nd - not done

neg - negative

no - number

NSIAC - negative selection immunoadsorbent chromatography

OPD - o-phenylene diamine

PBS - phosphate buffered saline

pI - isocelectric point

PITC - phenylisothiocyanate

pos - positive

prot - protein

PTC - phenylthiocarbamyl

PTH - phenylthiohydantoin

PVDF - polyvinylidene difluoride
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RB - reticulate body

RBC - red blood cell

s.c. - subcutaneous

SD - standard deviation

SDS - sodiun dodecyl sulphate

SDS-PAGE - sodium dodecyl sulphate-polyacrylamide gel
electrophoresis

TEA - triethylamine

TEMED - tetramethylenediamine

TES - N-[Tris(hydroxymethyl)methyl]-2-aminoethane-

sulphonic acid

TFA - trifluoroacetic acid

Tris - tris(hydroxymethyl)aminomethane

Tween - polyoxyethylene sorbitan monolaurate

Wlg - Welgevonden

Xg - centrifugal force calculated at a distance from axis

of rotation to mid point of tube
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