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The isolation of Cowdria ruminantium by means of Percoll density gradient centrifugation pe
urified viable populations of the organism possessing distinctly different densities. These

recovery of partially

rmits the

conclusions are base(’iJ upon results of analyses of density fractions by intravenous inoculation into sheep, protein
determination, electron microscopy and enzyme-linked immunosorbent assay. Morphological differences were
observed in the density fractions obtained from infected brain tissue and Amblyomma hebraeum nymphae.

INTRODUCTION

Density gradient centrifugation has been employed for
large scale isolation of cells, subcellular particles and
viruses under mild conditions (Anderson, 1966).

Various density gradient media for the purification of
rickettsial organisms have been reported. These include
Renografin (Howard, Orenstein & King, 1974), sucrose,
(Wang & Grayston, 1967) or Percoll (Tamura, Urakami
& Tsuruhara, 1982). The use of Percoll offers numerous
advantages and has been applied to the isolation of a
variety of cells with complete retention of morphological
integrity and biological activity (Schumacher, Schafer,
Holstein & Hilz, 1978).

Cowdria ruminantium, the causative agent of heart-
water (Cowdry, 1925), has been shown to vary exten-
sively in size and to be extremely pleomorphic (Pienaar,
1970; Uilenberg, 1983). A method, involving cellular
affinity chromatography (Viljoen, Vermeulen, Oberem,
Prozesky, Verschoor, Bezuidenhout, Putterill, Visser &
Neitz, 1985) for the isolation of C. ruminantium was
found to be suitable for the preparation of sufficient
quantities of partially purified heartwater organisms
needed as antigen in an ELISA. This method is unsuit-
able, however, for descriminating between the various
sizes and forms of the organism. The present paper de-
scribes the application of Percoll as density gradient
medium for the isolation of C. ruminantium and for the
separation of a heterogeneous population of this orga-
nism. Through such separations, morphological and bio-
chemical investigations of the organism should be facili-
tated. Infected brain tissue and Amblyomma hebraeum
nymphae were used as starting material. An ELISA and
electron microscopy were employed for the identifica-
tion of the organism.

MATERIALS AND METHODS

Analytical quality reagents were used in all the experi-
ments. Glassware and equipment were sterilised with
70 % (v/v) ethanol and the buffers by filtration through
0,22 um filters'V.
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Preparation of crude brain and nymph extracts

Sheep brain and A. hebraeum, Spes Bona strain
nymphae, were infected with Onderstepoort Ball 3 strain
of C. ruminantium (Viljoen, et al. 1985).

Heartwater infected and non-infected sheep brain tis-
sue (120 g to 250 g wet frozen mass) were preserved in
liquid nitrogen. When required, the tissue was quickly
thawed and homogenized at low speed in a Waring
Blender® for 5 min in 60 to 125 m€ of 0,154 M
All subsequent isolation steps were done at 4 °C.

Infected and non-infected A. hebraeum nymphac  re
homogenized for 10 min in 0,154 M NaCl withan  ra
Turrax® at a dilution of 10 nymphae per 5 m¢€ saline.

The brain and tick homogenates were centrifuged for
30 min at 1 000 X gin a Rotor 19 using a Beckmar -
65 ultracentrifuge. The supernatant was then centrifuged
for 30 min at 10 000 X g with a Rotor 30 and the resul-
tant supernatant centrifuged at 30 000 X g for 30 min,
The final sediment was resuspended in 0,5 m€ of 0,

M NaCl. This represented the crude extract.

Percoll density gradient centrifugation

An iso-osmotic Percoll stock solution (SIP) with -
sity of 1,123 g/m{ was prepared by adding 9 m€ of rer-
coll®to 1 m€ of 1,54 M NaCl.

The resuspended crude extracts (0,5 mf) were n
layered on top of the gradient forming material prepared
by mixing 15 m¢ SIP with 14,5 m€ of 0,154 M NaCl to
form a 50 % density SIP solution. As reference, a tube
containing 50 % density SIP solution and density marker
beads' was used.

Centrifugation was performed for 15 min at 30 000
g in a Rotor 30 employing maximal acceleration anc
maximal braking. Hereafter the gradient was collectea
from the bottom of the tube with a fraction recovery
system™. Ten fractions of 3 m¢ each were collected and
used immediately or stored at —30 °C.

Determination of infectivity

Sheep of ¢. 40 kg body mass of either sex were in-
jected intravenously at a dosage rate of 2 m¢ per 0|
with the crude extracts and 2,5 m{ per animal with the
Percoll fractions. The injection needle was dipped into a
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ultiscan MC® at 690 nm and 405 nm. Signal to back-
ground ratios were calculated from absorbancies ob-
tained for infected and corresponding non-infected frac-
tions.

RESULTS

All infected crude brain extracts were infective after
i.v. inoculation (Table 2). After Percoll density gradient
centrifugation of crude heartwater suspensions, C. rumi-
nantium organisms and antigen were dispersed widely in
the gradient according to biological tests (Table 2) and
ELISA methods (Table 3). Suspected C. ruminantium
organisms were seen in all density fractions according to
electron microscopic investigations (Fig. 1 & 2 and
Table 1). In non-infected brain material very little or no

ckground was observed electron microscopically. In

: case of non-infected nymph material, unidentified
rickettsial organisms other than C. ruminantium were
observed. Although a limited number of organisms were
studied, it appeared that different populations of heart-
water organisms were present at different densities; the
smaller ones (0,45 £ 0,15 um) at a density of 1,134 g
cm™ and the larger (1,00 £ 0,2 wm) at a density of
1,034 ¢ cm™. An increase in organism size was ob-
served with a decrease in density. No significant ultra-
structural differences were observed between C. rumi-
nantium-like organisms from brain and nymph material.

+ only morphological difference noticed was the pre-
sence of a single defined electron-transparent region in
the electron micrograph of organisms obtained from
brain tissue (Fig. 1), whereas organisms from nymph
?llzgterizal displayed several electron-transparent areas

ig. 2).

TABLE 3 ELISA detection of heartwater organisms after Percoll den-
sity gradient centrifugation: Ratios'" of absorbance values
obtained with infected and non-infected material as antigen

: Brain Nymph
Percoll Densit ; 3
fraction g/cm’y mz;{?zr)ml meg%r)lal
Crude
extracts 1,53 £0,6 1,82 £0,5
1 1,134 £ 0,008 1,36 £ 0,2 1,48 +0,2
2 1,109 £0,017 2,30 £0,3 2,72 0,5
3 1,078 £ 0,013 1,54 £0,4 1,84 £0,5
4 1,062 £ 0,003 1,70 £ 0,3 1,61 £0,4
5 1,058 £ 0,001 22105 2,36 £0,4
6 1,056 + 0,001 1,1 +0,2 1,88 £0,5
7 1,054 % 0,002 1,1 £0,1 1,55 0,2
8 1,050 £ 0,002 2,1£04 2,54 04
9 1,045 £ 0,004 1,2+0,4 1,55 0,3
10 1,034 £0,007 1,2+0,5 1,42 £0,6

) Mean values + standard deviations for 6 replicates
‘2 Heartwater infected to heartwater non-infected ratio

With the ELISA, Table 3, the highest signal (infected)
to background (non-infected) ratios were observed at
densities of 1,109 g cm™, 1,058 g cm™ and 1,050 g
cme,

DISCUSSION

It is generally recognized that the purification of C.
rumingntium is more difficult than the purification of
¢ rickettsiae. This is due to C. ruminantium being a
particularly labile organism (Uilenberg, 1983).

Infected crude brain extracts were shown to be infec-
ti aen inoculated i.v. Only on one occasion has this
route of injection of brain material been proven to be

cessful in transmitting heartwater (Uilenberg, 1971).

's is contrary to the results of Ilemobade & Blotkamp
(1¥78) who were able to cause infection by infected
brain homogenates through the s.c. route only. I.v. in-
oculations either failed to cause disease or resulted in
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immediate fatalities. These contradicting findings could
possibly be explained by the fact that our crude brain
extracts were prepared by differential centrifugation of
brain homogenates. This suggests that certain unknown
components in brain homogenates may prevent infec-
tivity by the i.v. route.

The presence of pathogenic and viable C. ruminan-
tium organisms over a density range from 1,134 gcm™
to 1,034 g cm™ exemplifies the pleomorphism of this
organism, but could also be due to the presence of orga-
nisms in different stages of development. Similar obser-
vations were made for Rickettsia tsutsugamushi (Tamura
etal., 1982).

The location of a single, defined electron-translucent
area observed in electron micrographs of C. ruminan-
tium-like organisms from brain has also been reported by
Prozesky & Du Plessis (1985). In organisms from
nymph material such defined, single electron-pale areas
were absent; instead, several scattered electron-pale
areas were observed.

The fractions obtained at densities of 1,109; 1,058 and
1,050 g cm™, had an ELISA signal to noise ratio of
more than 2:1 suggesting that the antigenic material was
more concentrated at these levels. Protein content
peaked at densitites of 1,134; 1,078; 1,058; 1,056; 1,045
and 1,034 gcm™’.

Infectivity incubation periods could not be correlated
with ELISA colour development or protein content. Pro-
tein determinations showed that the infected fractions
had a higher protein content than the non-infected frac-
tions, suggesting that the protein content of these frac-
tions relates to the infected state of the tissue. This obser-
vation is based on equal wet frozen mass of brain mate-
rial and equal amounts of infected and non-infected
nymphae. However, a simple relationship could not be
demonstrated between organism concentration (protein
content), antigenicity (ELISA) and pathogenicity (incu-
bation period).

As expected, electron microscopy of the infected
nymph material showed contaminating micro-orga-
nisms, probably belonging to the family Rickettsiaceae
described by Cowdry (1925). Therefore brain material,
in which no contaminating organisms could be detected,
is a more suitable source of starting material for the
purification of C. ruminantium.

The isolation procedure described in this paper repre-
sents a quick and mild method by which different cell
porulations of C. ruminantium can be obtained in a par-
tially purified and viable form as demonstrated by elec-
tron microscopic studies, ELISA and infectivity assays.
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