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enzymatic capabilities for pyrimidine synthesis resided 
in the parasite itself. However, one could speculate 
that contaminating erythrocytic membrane may be contri­
buting to this activity.

F. DNA isolation and sucrose density gradient centrifu­
gation
Using ultracentrifugation on CsCl density gradients, 

Senitzer (1969) found two species of DNA associated with 
A. marginale infected RBC. One had a buoyant density of 
1.700 and the other a buoyant density of 1.715. Ultra­
centrifugation of DNA isolated from bovine RBC at 0% 
infection resulted in the banding of only one species of 
DNA. It corresponded to a density of 1.700 and was con­
cluded to be bovine in origin. The more dense DNA found 
in the infected RBC appeared to be that of A. marginale.

In this study a comparison was made of DNA species 
of RBC from A. marginale-infected calves and RBC from 
chemically-induced anemic calves. DNA was isolated from 
the RBC using the phenolic extraction procedure of Thomas 
et al. (1966) previously described in Materials and 
Methods. DNA preparations were centrifuged on 5-20% 
neutral sucrose gradients at 32,644 x g for 3.5 hours.
The gradients were fractionated and each fraction measured 
at 260 nm. The results of this procedure can be seen in 
Figure 22. Centrifugation of a DNA preparation from RBC 
infected calves resulted in two nucleic acid species. One
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Figure 22. Sucrose gradient centrifugation of DNA from 
A. marginale infected RBC (bottom) and DNA from RBC of 
a chemically induced anemic calf (top). The 5-20% sucrose 
density gradients were centrifuged at 20,000 rpm in an 
SW-39 rotor (av 32644 x g ) .
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was sedimented and the other was located near the top of 
the gradient. One of these DNA species was probably 
bovine in origin. The second could be due to the presence 
of DNA in A. marginale or possibly DNA from nuclear 
material found in certain RBC associated with the anemia 
condition. In order to clarify this, DNA was extracted 
from RBC of a chemically-induced anemic calf and subjected 
to the same sucrose gradient centrifugation procedure.
The results of this experiment can also be seen in Figure 
22. Approximately the same amount of DNA was sedimented 
but, only a small amount was present near the top of the 
gradient. DNA species found in the upper band of the 
sucrose density gradient appeared to be associated with 
the Anaplasma infection whereas the sedimented species 
probably came from contaminating white blood cells or 
nucleated immature RBC associated with the anemic condi­
tion.

G. RNA isolation and sucrose gradient centrifugation
There have been conflicting reports on the presence 

of RNA associated with A. marginale. Histochemical pro­
cedures were used to demonstrate the presence of RNA in 
A. marginale (Moulton and Christensen, 1955). Gough (1963) 
reported evidence of RNA in infected RBC but Ellender and 
Dimopoullos (1967) and Senitzer (1969) could find none in 
marginal bodies.



In this work a hot phenol extraction procedure was 
used in an attempt to isolate RNA associated with A. 
marginale-infected RBC. This method was reported by 
Larsen and Frederiksen (1972) as being useful in extracting 
a large percentage (including small molecular weight RNA) 
of the total cellular RNA. RNA was extracted from RBC of 
Anaplasma-infected calves and from RBC of a chemically- 
induced anemic animal. The extractions were centrifuged 
on 5-20% sucrose gradients at 36,114 x g for 14 hours.
After fractionation each sample was measured at 260 nm.
The results of subjecting RNA preparations from RBC at 
peak infection to this procedure is shown in Figure 23.
One large peak was found at the bottom of the gradient, 
a smaller peak was found near the top and several minute 
peaks in the center of the gradient. The same RNA prepara­
tions were also incubated with DNase arid subjected to the 
same procedure. This resulted in the disappearance of 
the minute bands in the center of the gradient (Figure 23). 
The peaks at the bottom and top of the gradient were 
probably RNA. At this point it would be impossible to say 
whether or not this RNA is associated with the Anaplasma 
infection.

RNA preparations from RBC of a chemically-induced 
anemic calf were subjected to the same centrifugation and 
extraction procedure. The results of this procedure are 
illustrated in Figure 24. Peaks were found at the bottom
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Figure 23. Sucrose gradient centrifugation of RNA, before 
(bottom) and after (top) incubation with DNase, from A. 
marginale infected RBC. The 5-20% sucrose density gradi­
ents were centrifuged at 21,000 rpm in an SW-39 rotor 
(av 36114 x g).



67

0 . 0 8

Ee
o
VO
CM

<uocId
AU
OU)
a

0.06

0.04

0.02 ..

•A
3020 255 10 150

Ec
ovo
CM

0)u
S•8oin
5

Fraction no.

0.08

06

04

02

/TTtVT
100 15 20 255 30

Fraction no.
Figure 24. Sucrose gradient centrifugation of RNA from RBC 
of chemically induced anemic calf before (bottom) and after 
(top) incubation with DNase. The 5-20% sucrose density gra­
dients were centrifuged at 21,000 rpm in an SW-39 rotor 
(av 36114 x g).
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and top of the gradients and several in the middle. The 
middle peaks disappeared upon treatment with DNase (Figure 
24). These results are identical to the ones obtained with 
RBC from A. marginale-infected calves.

The middle bands must have been due to contaminating 
bovine DNA. The remaining peaks appeared to be RNA but 
the question still arises, "Are they associated with the 
Anaplasma infection?" Both peaks were reduced by 50% in 
RNA preparations from the RBC of the chemically-induced 
anemic calf, but they appeared at the same position in 
the gradients. It, therefore, appeared that the majority 
of the RNA isolated from infected RBC by this procedure 
was bovine in origin. A vegetative organism should 
contain large quantities of RNA (rRNA, mRNA, and tRNA). 
These data point to the fact that the A. marginale bodies 
found in mature erythrocytes might not be vegetative forms 
but a resting form. Perhaps the actual replicating form 
resides in the immature RBC and cannot be observed with 
conventional staining techniques. One also cannot rule 
out the possibility that the vegetative body is located 
in the bone marrow and is never present in circulating 
RBC. Data presented earlier (Results and Discussion, 
Section C) tended to give plasma from infected calves a 
role in active infection which cannot be overlooked.
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H. Electron microscopy
Senitzer (1969) extracted DNA from partially-purified 

A. marginale bodies and observed the nucleic acid molecules 
with electron microscopy. In this study DNA was extracted 
from RBC of Anaplasma-infected calves and electron micro­
graphs were taken of the molecules utilizing a modifica­
tion of the technique of Mosharrafa et al. (1970). An 
attempt was made to locate two species of DNA (bovine and 
A. marginale) in the electron micrographs. In the majority 
of the micrographs numerous strands of linear DNA could 
be seen (Figure 25). However, there appeared in a few 
micrographs small molecules of circular DNA (Figure 26).
The micrographs did not reveal any information as to 
whether the molecules were single- or double-stranded.

The circular DNA observed corresponded to the circular 
DNA Senitzer (1969) fouiid associated with partially-purified
A. marginale bodies. Since only two species of DNA (A. 
marginale and bovine) have been reported in A. marginale- 
infected RBC, it was assumed that the linear molecules 
were bovine in nature.
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Figure 25. Electronmicrograph of linear DNA isolated 
from A. marginale-infected RBC.
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Figure 26. Electronmicrograph of circular DNA isolated 
from A. marginale-infeeted RBC.



Summary and C o n c lu s io n s

A * iE vitro uptake of labeled precursors
In most experiments packed RBC from normal and 

infected calves were suspended in cell free normal plasma. 
In one experiment normal cells were resuspended in infected 
plasma. The appropriate radioactive precursor, *4C- 
hypoxanthine, 14C-orotic acid, 14C-sodium bicarbonate, 
l4C-sodium formate, or ^H-uridine, was added. Uptake of 
precursor was followed by measuring the disappearance of 
activity from the plasma. RBC were also fractioned using 
cold and hot TCA fractionation. In all cases disappearance 
of activity from the plasma was inhibited when RBC from 
infected calves were being incubated. When incubated 
with plasma from infected calves, normal RBC remove ^H- 
uridine from the plasma in a manner similar to RBC from 
infected calves. Sodium bicarbonate and sodium formate 
were not taken up by either normal RBC or RBC from 
infected calves. With all precursors taken up, levels of 
activity reached a higher peak in the normal RBC than in 
the RBC from infected calves. Uridine was readily in­
corporated into the hot TCA soluble fraction of the normal 
RBC. No uridine was incorporated into this fraction of 
either the RBC from infected calves or normal RBC which

72
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were suspended in infected plasma. Normal and infected 
RBC accumulated radioactivity from orotic acid in the 
hot TCA soluble fraction. However, the RBC from the 
infected calves accumulated a larger amount of the orotic 
acid them the normal cells.

These data indicate that the Anaplasma marginale 
infection inhibited the transport of most of the compounds

>

surveyed into the RBC. Normal RBC and those from infected 
calves apparently lacked a transport mechanism for sodium 
bicarbonate and sodium formate.

Because of the incorporation of radioactivity into 
the hot TCA soluble fraction, the nucleated RBC of normal 
RBC suspensions apparently used uridine in the synthesis 
of nucleic acids. The RBC from infected calves showed a 
greater ability to use orotic acid for nucleic acid 
synthesis. Plasma from infected animals demonstrated the 
ability to transform normal RBC into RBC with properties 
similar to infected cells. This could have been due to 
an unknown form of A. marginale or some other unknown 
factor present in the plasma.

B. In vitro incorporation of label into individual 
nitrogenous bases in RBC from normal and infected 
calves
Following incubation of the normal RBC and those 

from infected calves with ^H-uridine, the cold TCA 
soluble fraction was hydrolized with hot HCl. More
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activity was found associated with thymine in the normal 
RBC them in those from infected calves. However, when 
the total amount of activity entering the RBC was compared 
to the amount of activity going to thymine, it appeared 
that the RBC from infected calves were more efficient 
than the normal RBC. More activity was found associated 
with cytosine in the normal RBC them in the RBC from 
infected calves. The ratio of 3H-uracil and 3H-cytosine 
in the RBC also showed the normal RBC to be more effective 
in tramsferring activity from uridine to cytosine. No 
activity was found associated with adenine and guemine 
in RBC from normal and infected calves.

These data indicate that RBC from infected calves 
were more efficient in converting uridine to thymine than 
normal RBC. But, RBC appeared to completely lose the 
ability to form cytosine from uridine once infected with 
Anaplasma.

C. In vitro enzyme assay
Orotidine-5'-monophosphate pyrophosphorylase (OMPpase) 

activity in partially-purified bodies was assayed for by 
measuring the disappearance of orotic acid from the incu­
bation mixture at 295 nm with a spectrophotometer. The 
decrease in optical density with time was small but could 
be repeated.

These data indicate that some OMPpase activity was 
associated with A. marginale. It therefore appeared that
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Anaplasma had at least part of the enzymatic capabilities 
to synthesize pyrimidines.

D. DNA and RNA isolation
DNA was isolated from RBC of A. marginale-infected 

calves and from RBC of a chemically-induced anemic calf. 
These DNA preparations were centrifuged on sucrose density 
gradients. Preparations from RBC of A. marginale-infected 
calves revealed two bands of DNA on the sucrose gradients 
whereas preparations from the chemically-induced anemic 
RBC revealed only one band of DNA. The lightest band was 
assumed to be associated with A. marginale and not 
associated with immature RBC present because of the anemic 
condition.

Hot phenol was used in an attempt to isolate RNA from 
Anaplasma-infeeted RBC and from RBC of a chemically-induced 
anemic calf. All RNA isolated from infected-RBC using 
this procedure was probably bovine in origin.

The lack of RNA associated with A. marginale indicated 
that the organism was not replicating during the in vitro 
incubation.

E. Electron microscopy
DNA was isolated from RBC of A. marginale-infected 

calves and prepared for electron microscopic observation. 
Two species of DNA, one circular and one linear were 
revealed.
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Two species of DNA have been reported in Anaplasma- 
infected RBC (A. marginale and bovine). Circular DNA 
has been isolated from partially purified bodies. The 
linear DNA seen in this experiment was therefore assumed 
to be bovine. The circular forms were probably from A. 
marginale.
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