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SUMMARY

This research project resulted in the following achievements:.

10.

In vitro culture systems (or Babesia bovis and B. bigemina were improved.

The above culture systems were used in cloning procedures.

Clones of Babesia bovis and B. bigemina were irradiated and evaluated as

attenuated vaccine candidatoes

Methods were developed to concentrate Babesia bovis and B. bigemina-infected
erythrocytes from in vitro cultures. These concentrated infected erythrocytes
were used as immunogens to produce hybridomas and specific monoclonal
antibodies were obtained.

Procedures were developed for obtaining Babesia bovis merozoites frae of

erythrocyte membranes for biochemical studie

Procedures were developed for obtaining Babesia bigemina merozoites free of

erythrocyte membranes for biochemical studies.

Three Mexican national students were involved with the project and two students
completed requirements for the Ph.D. degree during the grant period. One
Mexican student will complete the requirements for the Ph.D. degree in 1988,
Four papers were published in referced journals. One paper has been submitted
and three more are being prepared for publication.

Eleven presentations were presented during the grant period and one presentation
after the end of the grant,

Lyophilization procedures were developed to retain the viability of Babesia bovis

and B. bigemina. lowever, these procedures need further refinement for

consistenti resulis



SPECIFIC OBJECTIVES:

1.

To establish the pathogenicity and genetic stability of clones in vivo (the animal)

The following is an abstract from a publication which served as a basis for the
present project. The complete publication is A ttachm ent A of this document.

ABSTRACT

A Babesia bovis isolate was cloned by in vitro cultivation. The cloned organism
was compared to the original cultured isolate for pathogenicity by animal
inoculation, Four yearling heifers were inoculated with cloned material and four
with the original culturc. The four animals which received the cloned babesia
showed comparatively minor hematologic changes and no elinical signs. One
animal died in the group that received uncloned babesia and the mean
temperature increase and mean reduction in packed cell volume (PCV) was
greater in that group. The four animals receiving the cloned material were
challenged 100 days following initial inoculation. All of the animals were totally
immune with no significant change in temperature or decrease in PCV, whereas
control (previously non-inoculated) animals developed significant (P .001)
increases in temperature and severe anemia. The cloned organism appears to be a
candidate live immuiogen for use in endemic areas to induce protection against
bovine babesiosis,

Subsequent back passage experiments indicated that the cloned organism was not
genctically stable in some animals (unpublished data, Rodriguez, S.D. 1983.
Babesia bovis: In vitro Cultivation and Cloning.  M.S. Thesis, University of
Missouri-Columnbia).

It had been suggested that irradiated parasites be tested for avirulence and
genetic stability. A number of clones of Babesia bovis have been isolated and
several clones have been irradiated. An irradiated clone of Babesia bovis has becn
tested for pathogenicity by animal inoculation and genetic stability by back
passage in animals. The irradiated clone induced a mild reaction and appeared to
be less virulent on back passage compared to previously tested clones. One of
these clones has been tested for pathogenicity by animal inoculation in a pilot
study in Mexico. The clone induced a mild reaction following inoculation by
either the subeutancous, intramuscular or intravenous routes. Back passage of
pooled blood (750 ml) from the initial animals into two susceptible animals
produced moderate hematological changes but no CNS signs. An additional
backpassage to two susceptible animals produced no hematological changes or
clinical signs. This irradiated clone was used in field trial #1.

To develop procedures for the prescrvation of attenuated B. bovis by
lyophilization,

Live attenuated B. bovis has a limited shelf life of one week at 4° C. The vaccine
can be cryopreserved in liquid N, but in developing countrics this would present
distribution problems. Ideally thé vaceine should he lyophilized.

The source of the organisms for lyophilization studies woere derived from the in
vitro culture systems, During the three years of the grant period, sixty different
experiments were conducted. Both Babesia bovis and Bahesia hiFemina were




lyophilized and tested for viability to re-establish growth in vitro. The following
Is a summary of the procedure which gave the most consistent positive results.
This procedure is a modification of the orocedure reported for cryopreservation of
Babesia bigemina (see Attachinent B).

The cultures were initially frozen as reported in Attachinent B. The
cryoprotectant solution for Babesia bovis was a stock solution of 20% PVP 40 in
Puck's saline G containing 20.5 g/L of glucose (PSG+). A similar solution of 20%
PVP in Vega y Martinez (VYM) was used for Babesia bigemina. This solution was
made according to Vega ct al.; VYM solution was composed of: CaCl_ * 2 1120
(16.0 mg), KCI (400.0 mg), KI,PO, (1,415.4 mg), MgSO, * 7 H,0 ?154 mg),
Na 111’04 * 1 1120 (1,450.0 mg), %Jacll (7,077.0 mg), and dexirose 20.% g)inl L of
double-distilled “ deionized water containing 0.25 mM adenine and 0.50 mM
guanosine. Packed iBRBC or merozoites were mixed with an equal volume of 20%
PVP and dispensed in 1- or 2-ml cryotubes, The PVP concentration of the final
mixture was 10%. The contents of the vials were frozen at the rate of 20
C/minute in a programmable freezing unit. When the temperature was -800 C the
vials were transferred to a lyophilization chamber.

The lyophilization chamber had been precooled to -50° ., The frozen cultures
were placed in_the chamber and the vacuum turned on, Cultures were left to
stabilize at 50° C for 1 hour. Then the temperature was raised 10° per hour until
the chamber temperature was at +10° C. The cultures were then lyophilized over
night.  Several different types of vials (glass or microfuge) were used. The
lyophilized cultures were placed in a refrigerator for at least 1 week at 4° C.

Sample vials were removed from the refrigerator and immediately diluted in
distilled water or PSG+ or VYM or complete mmedia. The preparation was
centrifuged (4° C) at 1,000 x g for 10 minutes. The resulting pellets were
resuspended in fresh culture media containing 10% normal bRBC. The nmount of
media varied according to whether flasks (25 em?) or 24-wel plates (16 mm inside
diaineter) were used to re-establish the cultures. The incubating culture depth
and atmosphere varied according to the organism tested. Fresh BRBC were added
to the cultures on day 3 after retrieval. Cultures were split 1:1 in complete
media containing 10% normal BRBZ at three day intervals. Slides were made on
days 10, 18, 20, and 28. The criteria ‘or re-establishinent of growth was that the
cultures could be split twice and grea ot than 1% parasitemias were observed.

In seven instances Babesia bigemina and Babesia bovis have been re-established in
culture. Replicate vials were stored at 4° C and placed in culture at a later date.
Results have been encouraging but not always consistent. We still need to define
the protocol. At this time optimum conditions for the lyophilization of Babesia
bovis and B. bigemina have not been standardized.

To conduct field studies using avirulent clones of B. bevis as vnceines.

Initial contacts were made with the veterinary seientists at INIP in Mexico City.
Details of the field trinls were worked out after an avirulent ~lone had been
confirmed to be genctically stable (see Objective 1). Animals were selected for
field trial #1 and conditioned before inoculation. All animals were acquired from
a tick-free area (State of Sonors), preferably of the same age (18 months or
older). They were tested and selected when shown (o be negative for the presence
of specific antibodics agninst Anaplasma marginnie, Pabesia bovis and Babesin
bigemina, The animals were preimmunizod against Babesia biremina and
Anaplasma marginale.




Animals were randomly distributed into 4 groups. Three groups were
preimmunized against Babesia bigemina and Anaplasma marginale,

.. Control non Babesia bovis-vaccinated (8 animals)
II. Control preimmunized and then vaccinated with 10 B. bovis original wild
type cultured strain (8 animals) 8
L. Preimmunized and vaceinated with 10 irradiated B. bovis cloned strain (8
animals)
IV.  Non-preimmunized and vaccinaied with 108 irradiated D. bovis cloned strain
(8 animals)

The experiment was divided into three phases: Phase 1 was from 0-63 days and
consisted of adaptation and preimmunization with Anaplasma marginale and
Babesia bigemina. Phase 2 had an observation period of 42 days. During this time
the animals were preimmunized/vaccinated with either the wild type or irradiated
B. bovis cultures. Anir:als that had severe reactions were treated. This phase
extended until 168 days. Phase 3 consisted of challenging the animals either by
infected ticks or needle challenge.  Euch group was subdivided into two to four
animals. One group was challenged by exposurs, to 2,000 Babesia bovii)infected
larvae Boophilus ticks. The other group was needle challenged with 10" Babesia
bovis infected erythrocytes. Following challenge the animals were observed for
42 days.

While in tick-infested area animals were dipped in acaricide bath every 4-7 days.
Body temperature data, blood samples (for packed ceil volume measurements and
blood smears), and serum samples (for scrological tests) will be collected
throughout the observation periods of the three phases twice a week,

The results of the field trial were as follows: a) Pathogenicity of the irradiated
cloned organism: The groups of animals that were vaccinated with an irradiated
clone of Babesia bovis experienced no or very mild elinical reactions and did not
require treatment, A number of animals in the group preimmunized with the wild
type Babesia bovis required treatment. b) Challenge studies: The challenge strain
was not as virulent as we had anticipated, The control animals did not experience
a severe reaction. Therefore, differences between groups were not as dramatic as
we had hoped. The data indicated that the animals vaceinated with the irradiated
clone experienced fewer clinical reactions and experienced less weight loss after
challenge. One problem encountered during the field trial wus that some of the
animals preimmunized with Anaplasma marginale experienced recrudescence.
This placed additional environmental stress on the trial. Some of these animals
died of Anaplasma merginale infection. Our conclusions from the trial were as
follows: a) the irradiated sirain is safc (nonpathogenic); and b) the irradiated
strain wil' provide at least some protective immunity in endemic areas.

To biochemically characterize clones of Babesia bovis as to enzymatic and
antigenic composition.

In order to siudy the biochemical and antigenic composition of Babesia bois it
Was necessary to develop procedurcs to concentrate merozoiles and infected
bovine erythroeytes., The following is the abstract from o priblieation which
presents the details (see Attachment C).




ABSTRACT

Babesia bovis merozoites, externalized by removal of infected erythrocytes from
ordinary culture conditions, were completely separated from red blood cells and
stroma by centrifugation in a Percoll gradient. A merozoite band formed at a
point corresponding to about 1.087 g/ml specific density, Infected red blood cells
were concentrated approximatecly four-fold to obtain greater than 49.0%
parasitemia after centrifugation in Percoll. Most highly enriched fractions
positioned between 1.121 and 1.123 g/ml specific density. Full parasite viability
was retained.

The procedures for the characterization of isocnzymes in B. bovis infected cells
and free parasites were developed. The following is an abstract from a
publication which presents the details (Attachment D).

ABSTRACT

Agarose gel electrophoresis was used to identify metabolic enzymes in Babesia
bovis and B. bigemina. Glutamate dehydrogenase, lactate dehydrogenasa, glucose
phosphate isomerase and hexokinase were identified in L. bovis and B. bigemina
infected erythrocytes and B. bovis merozoite preparations. Specific
electrophoretic mobility was observed for each enzyme. Malate dehydrogenase,
glucose G-phosphate dehydrogenase, C-phosphogluconate dchydrogenase and
adenylate kinase were only detected in normal erylhrocyte preparations. Inter-
species, but not intra-species, variation was noted when comparing
elcetrophoretograms of both species. Kinin-activating activity was not detected
in B. bovis-infected erythrocyte or merozoite preparations at pIt 4.2 or 7.6.

The isoenzyme patterns of all non-irradiated clones appeared very similar.
Results indicate that the hexokinase isoenzyme pattern of two-cobalt irradiated
clones are different than non-irradiated clones (unpublished, Rodriguez-Camarillo,
S.D.  1985. DBabesia bovis Clones: Biochemieal Characterization,  Ph.D.
Dissertation, University of Missouri-Columbia).

Molecular enalysis by one 3(;.nd two-dimensional gel electrophoresis of proteins
metabolically labeled with °’S-methionine showed that 2 clones derived from the
same field strain were similar but not identical to the parent (unpublished,
Rodriguez-Camarillo, S.D. 1985. Babesia bovis Clones: Biochemical
Characterization. Ph.D. Dissertation, University of Missouri-Columbia).

A number of hybridomas producing specific monoeclonal antibodies to Babesia
bovis have been obtained. The hybridoma cell lines have been frozen for later
characterization,

To establish continuous cultures of B. bigemina in vitro.

The procedures for the continuous cultivo .on of B. higemina had been developed
in our laboratory prior to receiving funding. An abstract of the publication
deseribing this technique follows (sec Attachment L).

ABSTRACT
A strain of Babesia bigemina was isolnted from an infeetod enlf and propagated in

vitro.  Culture conditions inelided wnshing of infeeted and normal bovine
erythroeyles in a specinl solution (VYMs), and the use of n 5-10% (v/v)




erythrocyte suspension in medium 199 (with 20-50% fresh normal bovine serum) at
a depth of 4 mm in a 5% CO,, 2% O,, 93% N, atmosphere. The cultured
organism, after 36 days in vitfo and iine subcu?tures, was inoculated into a
susceptible calf. This calf developed clinical signs of the diszase and recovered
when treated with 1% trypan blue solution. The sirain was also reisolated from
the second call. The original isolate had been maintained in continuous in vitro

cultivation for more than 99 days.

We have used this technique to establish cultures from &t least six different
isolates, The present protocol is as follows: Infeeted blood is washed in VYMs
solution and then resuspended in complete media consisting of 407 normal bovine
serum, 60% medium 199 {(no L-glutamine), The packed cell volume is adjusted to
10% and the culture vesscl is placed in an atmosphere of 5% CO,, 5% O, and 90%
N,- An additional very important factor for suceessful in w__?r_o cultivation of
Babesia bovis and B. bigemina is the source of normal bovine serum and normal
bovine erythrocytes. We routinely sereen donor animals and select only animals

whose serum and cells support satisfactory growth,

To develop an ELISA test for B. bigemina.

Preliminary attempts to utilize antigen from in vitro culture in the ELISA test
have been done. Ilowever, the results were disappointing due to nonspecific
reactions. Procedures were developed to concentrate Babesia bigemina infected
erythrocytes. The details of the procedures are deseribod in the publication. The
following is an abstraet from that publication (see A ttachm ent T°).

ABSTRACT

Clones of Babesia bigemina-infected erythroeytes were concentrated by several
density gradient procedures. The density range of infected erythrocytes
containing pairs of parasites was 1.077 to 1.089 g/ml, whereas, the density range
of infected erythroeytes containing single parasite was 1.092 to 1.100. Threc
enzymes, lactate dehydrogenase, glucose-phosphate isomerase and glutamate
dehydrogenase, were found associated with infected erythrocytes. The parasite
specific enzyme and/or isoenzymes were shown to have different mobility
patterns in starch gel clectrophoresis from those found in the normal bovine
erythrocytes. The enzyme 6-phosphogluconate dehydrogenase was not detected as
a parasite specific enzyme in B. bigemina infceted erythroeytes.

Procedures to isolate Babesin bigeinina merozoites from erythrocyte membranes
are being developed. Initially lysing procedures resulted in preparations
contaminated with erythrocyte membranes. We have now developed a glycerol
lysing procedure and purification methods to obtain viable merozoites free of
erythrocyte membranes (Figueroa et al. Purification of the Erythroeytie Stage of
Babesia bigemina. Paper in preparation). This will probably be one source of
antigen for an ELISA test.

Another approach to obtaining purified B. bigemina antigen for an ELISA test was
to obtain monoclonal antibodies and use them in immunosorbent chromatography.
A number of hybridomas producing specific monoclonal antibodies have been
obtained. These hybridamas have been charneterized and the data will be the
subject of a paper in preparation for submission. The following is an abstract.

from that paper.
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ABSTRACT

Twenty one niouse hybridomas were isolated that produce monoeclonal antibodies
(MoAb) which specifically reacted with erythrocytie stages of Babesia bigemina in
an indirect immunofluorescence assay on acetone-fixed blood films, rFour groups
of antibodies were defined on the basis of their staining pattern in IFAT. Four out
of eight selected MoAb tested on in vitro cultured B. bigemina were found to have
inhibitory activity as analyzed b estimating the percentage of parasitized
erythroeytes and incﬁ'pomlion of “l-hypoxanthine. The four inhibitory MoAb
immunoprecipitated S-mcthionine metabolically-labeled parasite proteins. One
MoAb from Group I detleeted a 24 nD protein, whereas another MoAb from the
same group precipitated proteins with an approximate weight of 55 kD. MoAb
from Group HI bound to polypeptides which migratad as 55 kb and 57 kD, these
same polypeptides were precipitated by & MoAb from Group IV which also
detected protein of 18, 51 and 53 kD.

Another approach that we have investigated is the adaptation of D. bigemina for
in vitro cultivation using horse serum instead of cow serum. This adaptation
should eliminate nonspeciflic problems nassocialoed with bovine serum, These
cultures have been cryopreserved and could be retricved for antigen production.

To isolate clones of B. bigemina.

We now have a total of 6 different isolates of B. bigemina in culture. Some of the
isolates have been cloned. Two tertiary clones have been isolated and irradiated
and recloned. The cloning procedure is fully described in a publication. The
following is the abstract of that publication (see Attachment Q).

ABSTRACT

The original Babesia bigcmina culture conditions were modiflied with regard to
infected bovine erythrocyte concentration and atmospheric environmnent. A
procedure was designed to obtain a homogeneous parasite Population by beginning
with a single infected erythrocyte. Caleculated dilutions were made in 96-well
tissue culture plates to approach one infected erythroeyte per four wells. Growth
of parasites in wells was deteeted between 16 to 28 days after cultures were
initiated. Clones were transferred to 24-well tissue culture plates for regular
maintenance. Three primary clones were selected for additional recloning, The
probability that the parasites detected in one well are the progeny of a single
infected erythrocyte approaches 0.99 for tertiary clones.

These clones were biochemically and antigenically charncterized, A paper has
been submitted describing the procedures and resuylts of these studies. 3'L‘he
following is an abstract from that paper (Vega et al. 1988, Incorporation of °s-

methiorine by Babesia bigemina Cultivated in vitro. Submitted to Revista

Mexicana de Parasitologin).

ABSTRACT

A Babesia bigemina isolate and several in vitro derived clones were metabolically
labeled using " S~methionine. Liabeled protecins were separated by SNS-PAGH and
clones compared to the origrinal population, Twenty three hands of parasite orizin
were clearly defined.  Six bands of 39,000, 52,500, 79,000, 88,000, 91,000
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and 130,000 M.W. showed higher intensity in the film. One polypeptide of 43,000
M.W. was detected in samples from culture fupernates. Separation patterns were
similar in all samples studied. It was concluded that this similarity might be
related to the fact that all clones were derived froim the same strain. More
studies are required to demonstrate true subpopulation variations in Babesia

bigemina.

In addition, monoclonal antibodies are being utilized to study the antigenic
composition of the clones and isolates.

To establish the pathogenicity and genctie stability of B. bigemina clones.

Several irradiated cloncs of Babesia bigemina have been obtained. An experiment
involving the inoculation of one splenectoniized calf at the University of Missouri
was completed. Preliminary results indicate that irradiation may attenuate the
organism.

Arrangemoents were made to conduct a study initinlly at iNIP jn Mexico City.
Ilowever, the Department relocated to a research site in Cuernavaca. Because of
time constraints, it was decided to investigate pathogenicity, genetic stability and
the protective immunity in one experiment. The experiment was designed to
investigate the following parameters:

1. The effect of dosage of inoculum (number of Babesia bigemina~infected
erythrocytes).

2. The pathogenicity of the inoculum.

3. Tick transmissibility of the various inoculum.

4. Genetic stability of the inoculums.

9. Ability of inoculums to induce protectlive immunity,

The project is now in progress at Cuernavaca with irradinted clones of B,
bigemina. Phase 1 of the trial consists of 20 susceptible animals heing divided
into 5 groups and each group subdivided into two groups receiving one of the

following inoculum,

Group 1: Inocylated intramuscularly w')th aormal red blood cells (subgroup 1 - 1
x 107; and subgroup 2 -1 x 10").

Group 2:  Inoculated intramu§cular]y with in vitro culfure of Babesia bigemina
(subgroup 1 - 1 x 10%; and subgroup 2 -1 x 10Y)

Group 3:  TInoculated intramuscularly with a virulent field stgnin of Babesia
bigemina (subgroup 1 -1 x 10°; and subgroup 2 -1 x 10Y),

Group 4:  Tnoculater intramuseularly with in vitroeulture of irradinted oloqe 3]
of Babesia higemina (subgroup 1 1% 103 and subproup 2 - 1x 107),

Group 5:  Inoculated inteamuseularly with in vitro enlture of irradinted cloge #2
of Babesia bigeminn (subgroup 1 =1 7x 10 s and subaroup 2 -1 x 10Y),
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Experimental Design: The experimental design for Phase 1 is summarized on the
attached Table 1 and Table 2. Phase 2 will consist of evaluation of pathogenicity
by back passage of blood to suseeptible animals. Ten animals were used in this
part of Lhe experiment. Each animal was inoculated with 250 ml of pooled blood
from each subgroup. Phase 3 will consist of ten bovine to evaluate whether ticks
can transmit the disease. The progeny of the ticks collected from Part 1 will be
placed on susceptible animals.

RESULTS

Phase 1:  Lvaluation of initial pathogenicity: Blood samples were colleeted and
clinical observations made as indicated in Table 2. Group 1 (normal
bovine erythrocytes) animals had no elinical reactions; Group 2 (in
vitro B. bigemina) animals had a mild elinical reaction. Group 3 (field
strain B. bigemina) animals develeoped severe reaclions and one animal
died. Group 4 in vitro B. bigemina irradiated #1) animals had a mild
clinieal reaction, CGroup 5 {in vitro B. bigemina irradiated #2) animals
had a severe reaction o deaths).  Larvae fioks were allowed to feed
on certain animals.  These ticks were allowed to drop off then
colleeted and maintained in the laboratory. The progeny of these ticks
will be placed on suseeptible animals (Phase 3). DBlood was collected
for baclk passage into suseeptible animals on day 35, The hemolymphs
from licks wiich fed on the field strain animals contained B. bigemina.
No infcction was dctected in the fjeks that fed on the animals
receiving in vitro cultures. These animals will he challenged as soon
as a sulficient quantity of infected tieks can be obtainedd.

Phase 2:  Evaluation of genetic stability by back passage: A similar protocol for
evaluation of vathogenicity as used in Phase 1, Group 1 (hormal
bovine crythroeytes) animals had no elinical reactions; Group 2 (in
vitro B. bigemina) animals had a mild clinical renetion. Group 3 (field
strain B. bigemina) animals developed severe reactions. Group 4 (in
vitro B. bigemina irradiated #1) animals had a mild clinical reaction,
Group § (in vitro B. bigemina irradiated #2) animals had a severe
reaction. These resulls would indicate that irradiated clone #1 was
genetically stable and relatively nonpathogenie,

Phase 3:  Presently in progress.

To conduct field studies using avirulent cloiies of B. bovis and B. bigemina as
vacceines.

Due to the time constraints of the project, it was decided to plan a more
complete experiment as described under Objective 8. Therefore the cattle which
were to be purchased for this objective were reassigned under Objective 8.
Veterinary scientists at the University of Missouri and INIP have discussed field
trial #2 and it is planned that Mexican scientists will pursue the second field trial
at their own expense.



(TABLE 1)

OBJECTIVE 8 - SCHEDULE CF ACTIVITIES

PIIASE 1 (20 animals)

DAYS

Temperature

Slices

Hematoerit

CEC

Serum

Infestation with nen-infected B. microplus
In vitro cultivation of B. bigemina
Inceculation with infeeted blood

Ccliection of tieks

Hemolymph from ticks (check for infection)
Collection of heparinized blood

-7,-4,-,3, 7, 10, 14, 17, 21
7,-4,-,3, 7,10, 14, 17, 21
-7, -4,-,3, 7, 10, 14, 17, 21
-7,-4, 0, 3, 7, 10, 14, 17, 21
=7, 0, 7, 14, 21, 28. 35, 42, 49

0,246 8
-7,-4, 0
14

21,22,23,24,25,26,27,28,29,30,31,32,33,34,35
22,23,24,25,26,27,28,29,30,31,32,33,34,35,36
35

PHASE 2 (10 animals) BACK PASSAGE EXPERIMENT

DAYS

Temperature

Slides

Hematoerit

CB(C

Serum

Inoculation of animals with heparinized blood
Collection of blood for cultivation

28, 31, 35, 38, 42, 45, 19, 52, 56, 59, 63, 66
28, 31, 35, 38, 42, 45, 19, 52, 56, 59, 63, 66
28, 31, 35, 38, 42, 45, 49, 52, 56, 59, 63, 66
28, 31, 35, 38, 42, 45, 49, 52, 56, 59, 63, 66
28, 35, 42, 49, 56, 63, 70

35

60




(TACLE 1) :
OBJECTIVE 8 -SCHEDULE OF ACTIVITIES {cont'd)

PHASE 3 (10 animals) TICK TRANS MISSIBILIT Y DAYS

Temperature 91, 94, 98, 101, 105, 108, 112, 115, 118, 122, 126, 129
Slides 91, 94, 98, 101, 105, 108, 112, 115, 119, 122, 126, 129
Hematoerit 91, 94, 88, 101, 105, 108, 112, 115, 119, 122, 126, 129
CEC 91, 94, 98, 101, 105, 108, 112, 115, 119, 122, 126, 129
Serum 91, 98, 105, 112, 119, 1286, 133

Infestation with infected B. microplus 98

Coliection of heparinized blood 140

P1



(TABLE 2)

GROUPS |SUBGROUFS { INFESTATION DAYS BLOOD DGSAGE DISPOSITION EFFECT ON HEPARINIZED
ANIMALS | ANIMALS 0, 2,4, 6 and 8 INOCULTM ROUTE OF TICKS FEMALE TICKS BLOOD

GROUP I A/2 iz = Normal 1x10%/731 2 —5 = o o

s | Z > =183 =9

4 -——/t)_----- :‘ r-; 1 RBC A --9—/--“---- - -f: J.';; % : ot

4 /2 w2 2 1x107/1M z sz =2

== = —_ . T = [ e d

il ~ — o - —

Zln - =) D - = oo

. - ’_.‘: 3 n = 7N ]3_ ” = =

CGROCUP I L A/2 3 == Culture 1x10°/11 - = &

1 3/2 m o D B. bigemina 1x107 /IR a e 2z

— — ] ] ~

= = ] -~ % - o]

Z ~ o -~ _ D

E Q \;« 8 A -v__-: 7; - :; .,'.

GROUP 11 A/2 -z Field 1x10° /1M = zZ- E z 3

----------- —~ i -~ e m o e e == = g5 N

, s Strain j 3 "zt s &

4 3/2 * g B. bigemina 1x10°/1M : -3 E - =

_—< = = 2 =

<2 2 = o 5

. . =l 8 = 2.5 -]
GROCUP IV A/2 =2 Cultured 1x10° /1M = *Z 2 z
o e . - =, s 0 S

---------- 5= B. bigemina ""'5"” ' YR 2

4 B2 b Irradiated #1 1x10¥ /1M = 223 =

=] fad - — e

= . e EI:

- ; 8 = s = o=

GROTP Y A/2 Z Cultured 1x10° /10 3 = “15

"""""" B. bigemina [~ -------- -4 = A 2

1 B/2 Trradiated 22 1x109/111

$1



16
ACHIEVEMENTS
P UBLICATIONS:
Publications in referecd journals:
Rodriguez, 8.D., G.M. Buening, C.A. Vega and C.A. Carson. 1986. Babesia bovis:

Purification and Concentration of Merozoites and Infected Bovine Erythroeytes.
Experimental Parasitology €¢1:236-243,

Vega, C.A., G.M. Buening, S.D. Rodriguez and C.A. Carson. 1086. Clening of in
vilro propagated Babesia bigemina. Yeterinary Parasitology 22:223-233,

Rodriguez, S.D.,, G M. Buening and C.A. Carson. 1986. Enzymatic
Characterization of Babesia bovis. The Journal of Protozoclogy 33:507-511,

Vegn, C.A., G.M. Buening, S.D. Rodriguez and C.A. Carson. 1986. Concentration
and enzyme content of in vitro cultured Babesia bigemina Infected Erythrocytes.
The Journal of Protozoology 33:514-518.

Publications submitted:

Vega, C.A., G.M. Béwning, K. McLaughlin, G.D, Grothaus and C.A. Carson. 1988.
Incorporation of “’S-methionine by Babesia bigemina Cultivated in vitro.
Submitted to Revista Mexicana de Parasitologia).

Publications in preparation:

Figueroa, J.V., G.M. Buening and T.J, Green. Identification of Common Antigens
by Monoclonal Antibodies in Six Isolates of Babesia bovis.

Figueroa. J.V., and G.M. Buening. Inhibition of In vitro Multiplication of Babesia
bigemnina by Monoeclonal Antibodics.

Figueroa, J.V., G.M. Ruening and D.A. Kinden. Purification of the Erythroeytic
Stage of Babesia bigemina.

Dissertations Completed

5.D. Rodriguez-Crmarillo. 1985. Babesia bovis Clones: Biochemical
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PhD dissertation, May T985, University of Missouri, Columbia, MO,

Sergio D Roprigues: Babesia bovis clones:  Biochemieal and Enzymatic
Chara-terization, P disserlation, December 1935, University of Missouri.
Columbia, MO,

Gradnate student (Mexican national) dissertation Lo be completed December 1988

Julio V. Figueroa. Tmmunological Chareterization of Surface Antigens in the
trythroeytice Stage of Babesia bigemina.

Training of meaduate stivlent from other institution:
b ] Ly

Steve Tlines of e University of Floridn at Gainesville spent one week in our
laboratory fearning cultivation techniques for Mabesia bigemina and B. bovis.
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ABSTRACT

Buening, G.M., Kuttler, K.L. and Rodriguez, S.D., 1986. Evaluation of a cloned Babesia
bovis organism as a live immunogen. Vet. Parasitol., 22: 235—242.

A Babesia bovis isolate was cloned by in vitro cultivation and compared to the original
cultured isolate for pathogenicity by animai inoculation. Four yearling heifers were
inoculated with cloned material and 4 with the original culture. The four animals which
received the cloned Babesia showed comparatively minor hematologic changes and no
clinieal signs, One animalsdied in the group that received uncloned Babesia and the mean
temperature increac2 and mean reduction in packed cell volume (PCV) was greater in that
group. The four animals receiving the cloned material were challenged 100 days following
initial inoculation. All of the animals were totally immune with no significant change in
temperature or decrease in PCV, whereas control (previously non-inoculated) animals
developed significant (P < 0.001) increases in ‘emperature and severe anemia, The cloned
organism appears to be a candidate live immunogen for use in endemic areas to induce
protection against bovine babesioss.

INTRODUCTION

Major advances in babesiosis research occurred with the development of
culture methods for continuous in vitro cultivation of Babesia bovis. The
early work of Erp (Erp et al., 1980) was modified (Lcvy and Ristic, 1980) to
a microaerophilous stationary phase culture system (MASP). Additional
refinements were made by Palmer et al., 1981. Rodriguez et al. (1983)
reported a modification of the latter system making it possible to isolate
single B. bovis parasites in a cloning process, the:~hy establishing homogene-
ous parasite populations. The objective of the present study was to compare
the pathogenicity and immunogenicity of a fast growing clone to the original
culture material,

0304-4017/86/$03.50 © 1986 Elsevier Science Publishers B.V.
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MATERIALS AND METHODS
Source of B. bovis inoculum

The original culture material was derived from a strain of B. bouis estab-
lished in culture using the technique of Palmer et al. and maintained continu-
ously in vitro for over 2 years. The fast growing clone was obtained by the
procedure of Rodriguez et al. (1983) and recloned twice prior to animal
inoculation,

Challenge inoculum was collected from a splenectomized calf showing an
ascending parasitemia. This calf had been infected by needle inoculation
with a frozen, tick-transmitted B. bovis stabilate originally isolated in
Mexico.

Experimental animals

Eight yearling beef heifers of mixed breeding were used in the experiment,
Four animals received the original culture material (heterologous prior to
cloning) and four received the cloned material. Cultures were sent from
Columbia, MO to Pullman, WA and arrived within 36 h. Each calf was
inoculated intravenously with 1 x 10° g bovis organisms, determined by
counting the number of infected erythrocytes in the culture material,

Five yearling Holstein steers were used as non-vaccinated controls in the
challenge study. These animals and the seven remaining animals previously
inoculated with the culture material were challenged 1travenously with
1X 10% B. bovis organisms, knrown to be virulent from previous work.

Serological test

Sera obtained before and after vaccinal and challenge inoculation were
tested with the complement fixation (CF) (Mahoney, 1962, 1967) and
indirect fluorescent antibody (IF A) tests, using B. bovis antigens (Johnson et
al., 1973).

Evaluation of pathogenicity and immunogenicity

Blood samples were obtained from all animals prior to inoculation or
challenge. In the culture pathogenicity study, blood for packed cell volume
(PCV) determinations vras collected daily, starting 7 days postinoculation
(P1), for 7 days and then twice weekly. In the challenge study blood for PCV
determination was collected on Day 1, daily from Day 5 through Day 15
and twice weekly thereafter. Giemsa-stained blood smears were examined to
determine parasitemia. Rectal temperatures were recorded before inocula-
tion and challenge, then daily for the first 15 days and then twice weekly.



TABLE I

Response of a 2-vear-old heifer to infection produced by cloned and non-cloned B. bovis cultures

Pre- Low Incubation time Days of parasitemia Average high Reduction in PCV Deaths Group
infection PCV CF Titer average
PCV (=) Days Relative Av. No. Relative (%) Relative relative
(%) response? of days response Titer Relative response response €
response
Culture 42.0x 2 19.0:6 3.2:90.5 3.5+ 1.7 1:113 54 * 15.0 1/4
(n=4) 0.896 1.27 1.015 1.13 1.13
(1.12)P
Clone 40.0 = 2 24.0+1 4.0:0.8 2.0:1.0 1:95 42+ 1.0 0/4
(n=4) 1.203 0.73 0.978 0.87 0.87
0.91)?
Significance NS NS NS NS NS NS NS NS NS NS P <0.05

*Incubation time: days following exposure required for a sustained temperature of over 40°C to occur after exposure.
2 Reiative response: based on the average of all “alues bein
r‘relative response’’ to infection.

Values in parentheses reflect the reciprocals of the relative response, and were used in calculating the ‘‘relative response’ for each group.

€ Group-relative response: calculated on 4 parameters: incubation time, days of parasitemia, CF response, and percent reduction in PCV associated
with infection. Mortality is not considered.

g equal to 1.0. Each individual value is then divided by the group average to identify the

I‘)v,

LEG
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Presentation of data cnd analysis

For comparative purposes means and standard deviations were calculated
for cach data point for all animals of a group. Data was analyzed by F test
and by analysis of variances of repeated observations (Gill and Hafs, 1971).
In addition, the % change in PCV and recctal temperature based upon pre-
inoculation values were calculated. Group-Relative Response was calculated
as illustrated in Table 1.

RESULTS

All eight cattle inoculated with either the culture or cloned material
showed cvidence of a B. bovis infection as evidenced by an increase in
temperature, B. bovis parasitemia and by a reduction in PCV (Figs. 1 and 2).
One animal receiving the culture material died on Day 18, following the

Culture ’
Clone @

¢ Pre-infection PCV

Days Post Inoculation:

Fig. 1. The percent changes in mean preinfection packed cell volume (PCV) in yearlings
inoculated with the original culture (n = 4) and a fast growing clone (n = 4) of Babesia
bovis. * Point of significant difference P <0.05.

6 —
Culture 0

53 Clone ® //‘\
. ¥
3

mperature

7 Change in Te

t 1 I

Days Post Inoculation

Fig. 2. The percent changes in mean preinfection rectal temperature in yearlings in-
oculated with the original culture (n = 4) and a fast growing clone (n = 4) of Babesia
bovis. * Point of significant difference P <0.01.



239

45 —

30 —

PACKED CELL VCLUME

20 —

10 T T T T 1
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DAYS AFTER CHALLENGE
Fig. 3. The changes in mean packed cell volume in control yearlings (w) (n = 5) and clone
vaccinated yearlings () (n = 1) following challenge with 1 x 10® of virulent Babesia bovis
organisms intravenously.
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Fig. 4. The changes in mean rectal temperature in control yearlings (s) (n = 5) and clone

vaccinated yearlings (o) (n = 1) following challenge with 1 x 10% virulent Babesia bouis
organisms intravenously.

onset of fever, B. bovis parasitemia and CNS signs typical of B. bouvis.
Parasitemias were too low to quantitate, but were observed less frequently in
cattle receiving the cloned organism. The temperature response and re-
duction in PCV were less severe in cattle receiving the cloned organism
(Figs. 1 and 2).

Each of the parameters measurcd such as incubation period, days of
parasitemia, CF response, and reduction in PCV showed evidence that the
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cloned organism was )ass virulent. This was verified statistically by com-
paring the composite relative response of animals in each group (Table I).

Based on the onset of fever, arbitrarily established as g sustained tempera-
ture of >40°C, animals inoculated with the cloned organism had an incuba-
tion time of 4.0 days as compared to 3.2 days for the culture-inoculated
group.

In the challenge study control cattle developed significant (P < 0.001)
Increases in temperature followed by severe anemia. Animals receiving the
original culture material or the clone were immune as verified by no response
to the challenge (Figs. 3 and 4).

Except for the animal which died, all of the animals developed a CF titer
of 2 1:10 by 24 days PI. Similarly, all animals developed an IFA titer of
1:10, 210 by 77 days Pl

DISCUSSION

Continuous cultivation of B. bovis in vitro (Erp et al., 1980; Levy and
Ristic, 1980; Palmer et al., 1981) has encouraged the development of im-
proved B. bouvis vsceines. Levy and Ristic (1980) reported that soluble
antigens derived from in vitro cultures would reduce mortality on challenge.
Additional results were reported by Smith et al. (1981) and Kuttler et al.
(1982, 1983), on the inactivated cell culture-derived B, bouvis vaceine.

However, immunization with live vaceines is the method of choice in all
countries where babesiosis is a major disease problem (de Vos, 1980). A
highly successtul attenuated B, bovis vaccine has been used in Australia
(Callow, 1977) and South Africa (de Vos, 1980) for many years. All of these
previously reported live vaccines have been produced by rapid passage in
splencctomized calves. Since donor blood serves as the source of immunogen
the danger of incorporation of extraneous pathogens poses a problem as does
standardization and quality control. The vaccine has a shelf life of 1 week at
1°C and avirulence is not fully predictable.

In the present approach to obtaining an avirulent population of B. bovis
for use as a live vaccine an n vitro cloning technique was used to jsolate
single organisms of modified virulence from a population with various
pathogenicitics. The differentiation of clones with different growth rates has
previously been deseribed (Rodriguez et al., 1983). The results of the present
study demonstrate that the chosen clone selected on the basis of rapid
growth rate was less bathogenic than the original population.

All of the surviving animals inoculated with cultured Babesia developed
both CF and IFA antibodijes, This is in contrast to animals inoculated with
the soluble B. bowvis antigen, which develop only IFA antibodjes (Kuttler et
al., 1983). Mahoney (1983) reported that byperimmune serum from animals
infected several times was protective in passive transfer experiments. Since
antibodies appear to have a protective role, use of a live organism may be
necessary to induce an adequate degree of protection against both homol-
0gous and possible variant strains.
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In the challenge experiment the cattle which received the cloned or-
ganisms were protected equally as well as those which received the uncloned
culture. This protective immunity was considerably more effective than that
induced by two injections of a cell culture-derived soluble antigen vaccine
(Kuttler et al., 1983). When animals vaccinated with the B. bouis soluble
antigen were challenged an average 50% PCV reduction and average 6 day
febrile response were noted. When the animals receiving the live cloned B,
bovis culture were challenged, no change in temperature or reduction in PCV
were observed.

CONCLUSION

The subject cloned organism may be an ideal candidate for use in areas
where babesiosis is a disease problem or in animals being transported from
free to endemic areas.
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Cryopreservation of Babesia bigemina for in vitro cultivation

C. A. Vega, DVM, MS; G. M. Buening, DVM, PhD; S. D. Rodriguez, DVM, MS; C. A. Carson, VMD, PhD;

K. McLaughlin

SUMMARY

Babesia bigemina-infected rB¢ and
merozoites were cryopreserved and
used to initiate in vitro cultures in
normal bovine RBC; the cryoprotec-
tant was a final 10 polyvinylpyr-
rolidone in Vega y Martinez solution.
A cooling rate of 20 C/min until — 80
C and then rapid transfer to liquid
N, storage was satisfactory. Sam-
ples for culture initiation were rap-
idly thawed at 37 C, washed in Vega
y Martinez solution and resus-
pended in complete culture media
eontaining 10% normal bovine RBC.
The optimum culture conditions to
reestablish cultures were a 24-well
plate (16 mm 1), 5 mm in depth, and
an atmosphere of 2% to 5% Q,, 5%
CO,, and 93% to 90% N.,

Babesia bigemina has been cry-
opreserved for amimal inoculation.
Barnett' reported the use of glycerin
as a cryoprotectant, with a cooling
rate of 1 to 4 C/min, for storage at
- 79 C. Dalgliesh® studied the infee-
tivity of B bigemina-infected blood
frozen with glycerin at the rate of 1
C/min. Thawed, infected blood es-
tablished B bigemina infection if in-

oculated subcutancously, but not if

inoculated 1v. Later, Dalgliesh and
Mellors® reported the use of di-
methyi sulphoxide as a eryoprotee-
tant with the best cooling rates being
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39 C/min to 212 C/min; they have
reported a procedure for the cry-
opreservation of large volumes of
babesial vaccine.' The cryoprotec-
tant used was dimethyl sulphoxide,
and the cooling rate was approxi-
mately 6 to 20 C/min. The successful
cryopreservation of B bovis for ini-
tiation of in vitro cultures was re-
ported by Palmer et al.” The
cryoprotectant of choice was polyvi-
nylpyrrolidone (Pvp) with a cooling
rate of 20 C/min.

was to develop procedures to cry-
opreserve B bigemina so that in vi-
tro cultures could be initiated from
frozen material.

Materials and Methods

In vitro culture system—An in vitro
procedure to propagate B bigemina in
continuous culture was developed by
Vega et al.” The original system was
modified for the present study. Briefly,
the adapted strain of B bigemina was
maintained in bovine RBC culture con-
sisting of 40% bovine serum + 60% me-
dium 199, 109 pev of bovine e, pH 7.0.
The depth of media in the tHlask was 7
mm and the 37 C incubator had an at-
mosphere of 5% CO, in air. The culture
media was replaced daily, and the cul-
tures were subcultured every other day
by mixing 1 part of culture with 1 part
of media containing 10% pcv of normal
bovine kuc. Infected bovine ke for ery-
opreservation had a parasitemia be-
tween 6 to 109 . Merozoites were obtained
from the infected bovine rie by the pro-
cedure of Palmer et al.* Briefly, the flask
was placed at room temperature in nor-
mal atmosphere for 4 to 6 hours. The su-
pernatant was removed, and the
merozoites pelleted by centrifuging at
1,000 = g for 10 minutes.

Cryopreservation procedure—The ery-
oprotectant solution was made according
to Palmer et al.” Stock solution of 20%
rve 40" was made in Puck’s saline so-

*Sigma Chemical Co, St Louis, Mo

lution G containing 20 g of glucose (PsG * )/
L. A similar solution of 20% pvr in Vega
y Martinez (VYM), used in the present
study, was made according to Vega et
al”; VYM solution was composed of CaCl,
- 2H,0 (16.0 mg), KCI (400.0 mg),
KH,PO, (1,4154 mg), MgSO, - 7 H,O
(154 mg), Na,HPO, - 7 H,0 (1,450.0 mg),
NuCl (7,077.0 mg), and dextrose (20.5 g)
in 1 L of double-distilled deionized water
containing 0.25 mM adenine and 0.50 mM
guanosine. Packed infected RBC or mer-
ozoites were mixed with an equal vol-
ume of 20% pve and dispensed in 1- or
2-ml cryotubes." The pve concentration
of the final mixture was 10%. The con-
tents of the vials were frozen at the rate
of 20 C/min in a programmable freczing
unit (model 801", When the tempera-
ture was —80 C the vials were quickly
transferred to liquid N, storage.

Retricval from liquid N,—Sample vials
were removed from the liquid N, con-
tainer and rapidly thawed in a 37 C water
bath. The thawed samples were imme-
diately diiuted into 50 ml of psG+ or
VYM and centrifuged (4 C) at 1,000 x
g for 10 minutes. The resulting pellets
were resuspended in fresh culture media
containing 10% normal bovine ric. The
amount of media varied according to
whether flasks” (25 cm®) or 24-well plates®
{16 mm 1) were used. The incubating
culture depth and atmosphere varied ae-
cording to the experiment. Fresh bovine
kB were added to the cultures on day 3
after retrieval; the cultures were sub-
cultured on day 6.

Evaluation of continuous growth—
Blood smears were made starting on day
2 after retrieval, The slides were stained
with Giemsa’s stain and examined. The
ceriteria for growtl, was based upon par-
asite morphologie features and on in-
creased numbers of infeeted bovine ruc.
Observations were continued for at least
10 days texeept for experiments 1 and 7).
Positive growth was reported when the
parasitemia was - 1%.

" Cryo-Med, Mt Clemens, Mich
¢ Corning Glass Works, Corning, NY.
Costar, Cambridge, Mass.
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TABLE 1—The effect of the wash solution on the ability of Cryopreserved B bigamina merozoites
to initiate in vitro cultures

Experiment Days Wash
No. in N, solution Culture atmasvhere- Resultsi
1 7 Media 5% COLin air vo growth, 5 dey observation
o Bt VYM 569 0. 6,49 (O, BRG N, Growth, + on day 3
3 35 VY M DA O, 600 CO,, B8 N, Growth, + on day 2
4 37 sGe 2670, 6.4 €O, KRG N, No growth, 10 day ohservation
h 47 VYM 5 COL I air Growth, + on dav 10
Y 37 C humadified. - Rased upon morphologie features and increasd numbers of infected ervthro-
cytes.
¢ = Parasitemia of - 1+

TABLE 2—The effect of culture atmosphere on the ability of cryopres-
erved 8 b/gem/'na-ilee_cggd RBC (experimeant 6) to initia[qm vitro culture

—_—_— Pt —

Incubator Atmosphere* Results )
A 20,57 COL 930 N, Growth, « on day 2
B 0L 55 COLL 900 N, Growth, + on day 2
t 5 C0O, in air No growth. 11 days observation

= 37 C hamidified. Rased upon morphologic feaivres and increased
No. of infected rryvthroeytes.

' Parasitemia - 14

TABLE 3—The effect of culture atmosphere on the ability of Cryopreserved B bigemina-infected
RBC and merozoites (experiment 7) to initiate in vitro culture
-2 7PTIMen’ /) 1o initiate in vitro

Dilutiong

Merozones

Incubation Infected nise

e

Titne Meubator Atmosphere: 1:4 1:20 1:100 1:4 1:20 I:100
Before A 270,51 CO,L w30 N, ' l ' 4 '
freezing B D0 5% €O, 907 N, ! i t i + i
¢ 5% COLin air t ¢ Degen ‘ t Degen
)] W5 0.5 O, &b N, ' ' [ t ' '
After A 270059 COLL 930 N, ) 4 ND t f ND
thawing n MO, H 0O, 900 N, [ i ND 4 } ND
C 5% CG,in air ND ND
1} 1070 0., 55 (0, Ko N, ¢ NI t ND
—_— RIS . —_— —Nh
* 37 C humidified.
¢ growth based upon morphologic features and increased No. of infected erythroeytes, 5 days after

cultures were set, barasitemia - [/ no growth: No - not done; Degen -~ parasites pyknotic.
sitemia 6%) were frozen in 109 pyp VYM.
The cells were stored for 79 days in N,
thawed, and washed in VYM. The packed
Cultures veere set in a flask at a depth cells were diluted 1:4 in 107 normal ho-
of 7 mm in an atmosphere of 54 CO, in vine ki and dispensed into 3, 24-well
air. plates (A, B, and C) at 5-mm depth (1
mb/well). Each plate was placed into a
different atmosphere: A 2% 0,, 5%
CO,, and 93% N,; B - 54 0,, 5% C0,,
and 90% N,; C = 5% CO, in air (ca, 18-
200 0,).

Experimental design; experiment |—
Merozoites were stored in N, for 7 days,
thawed, and washed in complete media,

Experiment 2—Merozoites were stored
in N, for 30 days, thawed, and washed
in VYM. Cultures were set in a flask at
a depth of 7 mm in an atmosphere of
5.6 0, 8.4% CO,, and 88 N,

Experiment 7--Infeeted bovine we and
merozoites were obtained from in vitro
cultures of B bigemina that had been
maintained in continuous culture for 0
days. Duplicate sample- of each were
prepared for freezing in pve VYM. One
sample of merozoites and infected bovine
RBC were frozen and stored in liquid N,
for 7 days. The other sample of mero-
zoites and/or infected bovine rpe was
washed in VYM and diluted 1:4, 1:20,
and 1:100. Four identical culture sets (A,

Experiment 5— Merozoites were stored B, C, and D) were made in separate 24-
in N, for 47 days, thawed. and 1 vial was well plates al 5-mm depth (1 mliwell).
washed in VYM, and a duplicate vial was Each plate was incubated in the follow-
washed in psG + . Separate culiures from ing atmospheres: A - ¢, 0,. 5% CO,,
cach wash solution were set in individ- and 93% N, B 2 0. 5% CO,, and
ual flasks at 7 mm depth in an atmo- 9% N,; C - 5% CO, in air (ea 18-204
sphere of 5% CO, in air. 0.:D = W% Q,, 5% CO., and 85% N,
The eryonreserved merozoites and in-
fected bovine rpe were thawed, and
washed in VYM diluted 14 and 1:20 in

Experimont 3—Merozoites were stored
in N, far 35 days, thawed, and washked
in VYM. Cultures were set in a flask at
a depth of 7 mm in an atmosphere of
5.6 0. 6.4% CO,, and 88 N..

Experiment 4—Merozoites were stored
in N, for 37 days, thawed, and washed
i rsG 4 Caltures were set in g flask at
a depth of 7 mm in an atmosphere of
3.6% 0, 6.4% CO,, and 88, N..

Experiment 6—Infected nne from an
experimentally inoculated ealf (para-
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culture media containing 10% normal
bovine ric. Four identical plates were
set in the A, B, C, and D atrnospheres,

Resitilts

Results of experiments 1 through
5 indicated that the only merozoite
samples that could initiate in vitro
cultures had been washed in VYM
solution (Table 1). In addition, the
5.6% 0,, 6.4% CO,, and 88% N,
atmosphere was superior to an at.
mosphere of 5% CO, in air for the
initiation of in vitro cultures,

Experiment 6 was a comparison of
the effects of culture atmosphere at
5-mra culture depth on the ability of
infected bovine RBC to initiate in vi-
tro cultures (Table 2). Cultures were
initiated in samples incubated in 2
or 5% 0,, 5% CO,, and 93% or 90%
N... The samples incubated in an at-
mosphere of 5% CO, in air did not
initiate growth.

In experiment 7, attempts were
made to define the effects of culoure
atmosphere on the ability cf ery-
opreserved B bigemina infected rie:
Or merozoites to initiate in vitro cul-
tures (Table 3). The best atmo-
spheres for infected rpc and
merozoites were 2% or 5% 0., 5%
CO,, and 93% or 90% G,. The at-
mosphere of 10% 0,, 5% CO,, and
85% N, supported initiation of growth
if a high ratio of infectivity was used.
The atmosphere of 5% CO, in air did
not support the initiation of growth
by infected bovine rpc or merozoites
at the 5-mm culture depih.

Discussion

The procedure of Palmer et al® for
the cryopreservation of B bovis in-
volved the use of 10% pyp in psg +.
This eryoprotectant solution did not
work with B bigemina (data not pre-
sented). The wash solution used in
the retrieval of B bovis was PsG -,
Again, this solution was not satis-
factory for the retrieval of B bi-
gemina (Table 1). Vega et al® reported
the successtul continuous propaga-
tion of B bigeming and used VYM
solution to wash the infected hovine
RB¢ and normal RBC used in culture.
Results of the present study also in-
dicate that washing in VYM solu-
tion is a key factor in the
establishment of in vitro cultures
{rom eryopreserved B bigemina (Ta-
ble 1).

Am J Vet Res, Vol 46, No. 2



The in vitro culture procedure used
by Palmer et al’ for B bovis was a
modification of microaerophilous
stationary phase culture of Levy and
Ristic." However, this procedure
would not initiate continuous cul-
tures if the parasitemia was -7 0.1%,
Rodriguez et al” developed a cloning
procedure for B bovis based upon the
use of a low O, culture atmosphere,
Vega et al” initially reported the
continuous propagation of B bi-
gemina, which indicated that low O,
culture atmosphere is an important
factor. This observation was con-
firmed in the present study. In ex-
periment 7, as the percentuge of O,
in the culture atmosphere increased,
the ability of cryopreserved B bi-
genane to initiate in vitro cultures
decreased.

The observations with regard to the
use of 10% pve as a cryoprotectant
and freezing rate of 20 C/'min for B
bigeniina are in agreement with those

February 1985

made by Palmer et al® for B bouvis.
These conditions, when combined
with the use of VYM solution, pro-
vided a reproducible procedure for the

cryopreservation of B bigemina for

the initiation of in vitro cultures.
The reestablishment of in vitro
cultures, using frozen B bigemina
parasites, weuld eliminate the need
for maintaining infected animals and
the risk of spread to susceptible an-
imals in the surrounding environ-
ment. In addition, this procedure

would permit the establishment of

seed cultures of B bigemina for bio-
chemieal and vaceine studies.
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it Percoll gradient. A merozoite band
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INTRODUCTION

A major problem in the study of the
biochemisty and physiology of Bubesia
spp. is the difficulty of separating viable
free merozoites, the mature exoervthro-
cytic stage. from host cells and stroma. At-
tempts to separate artificially or sponta-
neously released parasites have been re-
ported. Mahoney (1967) used discontinuous
sucrose gradients to separate Babesia boviy
[ree forms released by hemolysis with dis-
tilled water, Differential centrifigation was
used to sepurate B. microti released by con-
tinuous-flow sonication and immune he-
molysis (Gravely and Kreier 197.9: 1.an-
greth 1976). Neither technique vielded
erythrocytes o stroma-free parasites. Ma-
honey did not test the viability of the [reed
parasites but 2. rodheini released by a sim-
ilar lysis method were severely affected
(Rickard 1970). Differential centrifugation

and Ficoll ta nonionic synthetic polvmer ol

sucrose) density gradient methods weye
later reported by Gravely e al (1979) (o
separate spontancously released B hovis

merozoites in short-term in vitre cultures
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yielded free merozoites mixed with mes
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comparable to infected blood when ino.:
fated into susceptible recipients. Gre.

enriched preparations of infected eryt

cytes are also desirable to study the [

iology of the intraerythocytic stages. N
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iments were sashed twice in cold Puck's saline G,
resuspended to a final volume of 500 pt, and used
immediately ar stored at 4 C for no longer thian 2 hr.
Five-hundred-microliter vol of the sediment was bay-
ered over 7.5-ml vol of Percoll prepared at concentra-
tions ranging from 90 to 4077 (1 110 1o LOS2 g/ml).
Tubes (38 mm tong) were centrifuged at 26,000g for 30
min in a Sorval (RUC2-B) centrifbee with a fised angle
rotor (SSM1 at 4 C. Fractions were carefully collected
from top to bottom nsing an ancled pasteur pipet and
washed three times in cold Puck’s saline G, Smears
were prepared, Giemsa-stained, and examined micro-
scopically. Density of sample fractions was deter-
mined after centeifugation by cemparison of the final
equilibrium position with calibration tubes of density
marker beads (Pharmaci plotted on the graphic pro-
file of the lincar gradient of Percoll.

To concentrate infected ervthroeytes, cultures at all
Jages of growth were used. The ervthrocytes were
wished three times in cold Puck’s saline G at 1000¢
for 10 min. Packed ervthrocytes, in volumes of 200 pl,
were mixed with 7.5 ml of stock (1007) Percoll sus-
peasion and centrifuged as described above for mero-
zuites The fractions were colected and washed three
times in cold Puck’s saline G. The density of the frac-
tions was caleulated as deserihed for the merozuites
using the profile of i corresponding Percoll gradient,

To quantitate recovered merozoites and infected
ervthracytes, merozaite fractions recovered after cen-
tifugation were diluted in either Puck’s saline G or
161 mM sodium citrate saline solution, and the
number of merazoites was determined by counting
maoving merozoites in o hemacytometer {American
Optical, Buffalo. NY. USA) under phise contrast mi-
croscopy. Red blood cel! fractions were evaluated for
entichment in number of infected erythrocytes by
connting at least (000 erythrocytes in Giemsa-stained
preparations and comparing the findings with the ini-
tial pereentage of infected erythrocytes.

To determine the viability of the parasites. mero-
zoites and eariched fractions of infected erythrocytes
were adjusted to obtain various ratios of merozoites/
100 uninfected ervthrocytes or 27 parasitemia, re-
spectively, Aliquots were delivered into Y6-well micro-
titer plates, cultured under conditions of high oxygen
(57 CO, i ainh and-or reduced oxyeen (275 O, A
€0, 93¢ N)Land compared to identical numbers of
antreated infected enthrocytes from the originai cul-
ture. Two to 2.5 and § e elapsed, respectively, from
the time infected erythroeyvies and merozoites hom
culture supermites were collected until the time the
preparations were plated for cultivation, Cultures
were monitored for 72 hr, and parasitemias were es-
tinated by counting at least 2004 ervthrocytes in
Giemsa-stained preparations. Twelve hours after cul-
tre initintion. Giemsa-stained smeirs from free mero-
suite-initinted cultures were examined by light mi-
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croscopy for measurement of invision rate (Levy and
Ristic 1983},

Rrsvrrs

A 65% Percoll concentration was found
1o be optimal for the separation of Babesia
bovis merozoites. Merozoites concentrated
at a distance of 38 o 40 mm from the me-
niscus, forming a diffuse band at a specific
density ofapproximately 1.087 grml. Figure
I illustrates botl the profile of a 657 per-
coll lincar gradient and the location of the
merozoites. Two additional bands, separate
from the merozoites. were observed. The
uppermost, located near the top ol the pra-
dient (5-7 mm from meniscusi, contained
mostly red cell membrancs and a fow nero-
zoites and’'or ghosts containing mierozoites,
The Tower band, located §7- 85 mnt below
the meniscus, consisted of both normal
erythrocytes and infected erythrocytes,
Figure 2 is g photomicrograph of resulting
purificd merozoites after separation,

A gradient formed with the 1007 Percoll
stock solution was optimal for enrichment
of infected erythrocytes. At fower concen-
trations, the enriched fractions sedimented
toward the bottom of the tube. Figure 3 dia-

114 D membranes
merozoites
412 1 [ pec
110 ]
T
_E?_- 109 N
§’ 106 |
104 |
102
N 4
T T T T 1
2 4 8

<m from meniscus

Fi. 1. Density calibration enrve and diagrammatic
fepresentation of the separation of Rabesia bovis imero-
zoites in isp-osmotic 65k Percoll after 26,0000 cen-
trifugation for 30 min.
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To quantitate infected ervihrocytey vy
tions collected from 1097 Percoll gros: -
were washed three times in Pyck'y v 4
G, and samples were taken for deteran,
tion of parasitemia. The pereentage sae
sitized erythrocyte values COFTespons 1y &
original culture, and most enriched *»
tions from seven CXPeriments are somew
rized in Table 11, The parasitemiay 1o tw
tions farthest from the meniscus 1l 1
ranged from 49.33 10 65,457 (mcan 1 ¢
* S98SD), representing 4.50- o 13 47 i
enrichment (6.80 mean + 3.30 D1 Lo
located higher in the eradient had e
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timated by counting the number of infected
erythrocytes at 12 hr after culture initiation
(Table 111, Experiments | and 2). At this
time, the number of extracellular mero-
zoites was greater than that calculated (6.8
and 3.7 mz/100 normal erythrocytes) at the
time of culture initiation, and their quanti-
tation was difficult due to clumping. Cul-
tures started with merozoites counted and
resuspended in sodium citrate saline solu-
tion prior to mixing with normal erythro-
cytes showed a much higher viability rate
(Table I, Experiments 3 and 4). The rein-
vasion rate at the reduced O, atmosphere
wits 89,1270 (mean of Experiments 3a and
4a) of the originally calculated number of
free merozoites compared (0 42,6957 (mean
of Experiments 3 and 4) when the high O,
atmosphere was used. The number of ex-
tracelular merozoites observed at 12 hr
after culture initiation was negligible in both
cases. At 72 hre after culture initiation, both
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TABLE ]
Yield of Tree Babesin bovis Merozoites after
Percoll Purification

metrecovered

Experiment No., Psah S
1A .02 % 0 ND
B R TERSN TN ND
C 277 1’ ND
2A INDE I
3] 2260 v 7 L3S -t
C 900 > UM [
Ho*

)] 6.80 < 10

270 0~

Note, Quantitation of free merosoites was pes-
formed by counting moving merozoites in 1 hemacy-
tometer chamber using phase contiast nrictoscopy,

T2 T omerosoites,

PPSG = Puck's sidine G,

¢ SCSS = Sodium citrate —saline solution,

TND = not done.

cultures had lower percentage parasitized
erythrocytes than cultures initiated with in-
fected ervthrocyies,

Percoll treatment to enrich for infected
erythrocytes had no detrimental effect on
the capability of infected erythrocyvtes to
initiate cultures, and replication in general
seemed comparable to control, non-Percoll
treated infected ervthroeyies (Table V).
The Percoll method yields leukocyte free
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TABLE 11
Concentration of Buhesiu povis Infected Bovine Erythroeytes in Percoll Gradients
Band of
highest
Experiment Initial concentration Yurt of
No. culture (PPE)? (PPE) Enrichment RN
| 9.10 49.33 S5.40 i
2 4.25 57.25 13.47 U
3 1.57 S8 7.30 e
4 9.27 50.68 5.45 it
5 13.26 59,88 151 si d
6 12.70 65.45 5.15 v
Mean = SD NAS G.8R = 3.3 $oen

56.30 = 598

“PPE = Percentage parasitized erythrocytes.

F Numbers represent the percentage vield of total iIRBC mised with Percoll.

“NA = Not applicahle,
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accentuated after Percoll separation. The
use of a sodium citrate solution (10.61 ma/)
in physiotogical saline (0.015 mdM NaCl) re-
duced agglutination of the free forms,
makiitg accurate quantitation of Percoll
separated merozoites possible. Superior in-
fectivity ol merozoites in sodium citrate sa-
line solution resulted in infected erythro-
cvte counts 3.9 to 11.2 times greater than
those obtained with merozoites in Puck’s
siline G. This effect of sodium citrate saline
solution may simply be refated to reduced
clumping but since calcium is reportedly
important for plasmodial attachment to
host cells (Johnso- er al, 1980), calcium
chelation by the sitrate component may
warrant further investigation. These results
confirm and extend those of Gravely et al.
(1979 and Levy eral. (1981) who assessed
the viability of the free forms by animal in-
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TABLE 1V
Viability of Bubesio hovis Infected Frythroceyies

Experiment | Control
Percoll enviched?

Experiment 2 Control

Pereoll envich «
Experiment 3 Contiol

Percoll emiched
Experiment 4 Control

Pereall entiched

* Pereall enviched infected ervthrocyies were dilied with cultore medium, the pereentage paraspiy

T e

Initiat 72 hr
e T —
1.82 14,00
1.07 1,21
2n 12,78
2 15,34
20 18 09
2 10,3
207 1832
2.0 v 6y

T—
ed ey,

rocytes adjusted with a 577 PCV gl suspension asd enltwed in o high ovvgen Mmosphere,

oculation and i virro cultivation, respec-
tively,

Concentration of infected eryihrocyvtes
by Percoll density gradients centrifugation
was disappaointing since 30 1o S077 parasit-
ized erythrocytes have been obtained in
cultire systems (S. D, Rodriguez, unpuh-
hished data). The density gradient proce-
dure, however, provided o wiy wherehy in-
fected erythrocytes can be concentrated by
a method other than the differential remo-
lysis of blood from infected animals origi-
nally described by Mahoney (1967). 1y-
potonic Iysis of infected ervthrocyvies o
harvest parasites may not only damage the
organisnis but also vields organisms at all
stages of development tLangreth 1976;
Gravely and Krier 1974) which often are
still attached to red celf membranes (S, D,
Rodriguez, unpublished observations),
Free Babesia bovis merozoites prepared in
the manner deseribed in this report can be
uscd for monoclonal antibody preparation
and, since they are largely free of contam-
inants, are useful for biochemical and an-
tigenic characterizatjon,
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Enzymatic Characterization ¢f Babesia bovis!

S. D. RODRIGUEZ, G. M. BUENING, C. A. VEGA, and C. A. CARSON
Department of Veterinary Microhiology, College of Veierinary Medicine, University of Missouri, Columbia, Missouri 65211

ABSTRACT. Agarose gel cicctrophoresis was used to identify metabolic enzymes in Babesia bovis and B. higeming. Glutamate
dehydrogenase, lactate dehtdrogenase, glucose phosphate isumerase, and hesakinase were identified in 3. bovis- and B. higemina-
iniccted erythrocvtes and B. bovis merozoite preparations. A specific eiectrophoretic mobitity was observed for cach cnzyme. Malate
¢ hydrogenase, glucose 6-phosphate dehzdrogenase, A-phosphogluconate dehydrogenase, and adenylate kinase were only detected in
normal erythrocyte preparations. Inter-spe-tes, but not intra-specices, variation was noted when comparing electrophoretograms of both
species. Kinin-uctivating activity was not detected in 8. bovis-infezted erythrocyte or merozoite preparations at pH 4.2 or 7.6.

HE biochemistry and physiology of Babesia organisms has
generally been documented for murine parasites. Rickard
(12~14), studying the carbohydrate metabolism in B. rodhaini,
found that lactate was the major end product of glucose metab-
olism and concluded that the overall metabolic pattern was very
smilar in both the parasite and host red blood ccll (RBQC).
Momen (9) usd starch gel electrophoresis to study metabolic
dffrcrcnccs between Plasmodium and Babesia in mice and in-
dicated that three enzymes, lactate dehydrogenase (LDH), glu-
¢ose phosphate isomerase (GPI), and glutamate dehydrogenase
(Ql’)H), of cight enzymies tested, were of parasite (8. rodhaini)
origin, In a later work with several known Babesia spp. of ro-
dents including iwo isolates of B. microti from humans (10),
INter-species, but not intra-species, variation was demonstrated
for GDH and LD, Intraspecies clone vartation (polymor-
Phism) has been reported for GPIL LDH, and 6-phosphoglu-
“nate dehydrogenase (6-PGDH) in P. Jalciparum and P
knowlesi (3,4, 18).
Pioteolytic activity in B. bovis and B. bigemina has been
documented (22). This esterase was found in particulate extracis
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prepared by treating infected RBC by scnic disruption or hy-
potonic shock and was later reported (23) to activate kininogen
to kinin. It was suggested that the coagulation cascade was trig-
gered indirectly through kallikrein activation and massive pro-
duction of cryoprecipitable kininogen, leading to hypotensive
shock in B. bovis-infected animals. The present study was ori-
ented toward the identification of metabolic and kinin-activat-
ing enzymes in both B. bovis-infected RBC and spontaneously
released merozoites,

MATERIALS AND METIIODS

Purasites. a) The KBbY strain of 5. hovis (from Dr. K. L.
Kuttler, USDA, Hemoparasitic Research Unit, WSU, Pullman,
WA 99164), a Mexican isolate that had been maintained in
culture for one year, was passaged through nine splenectomized
calves, and returned to in vitro culture for two more years; b)
nine tertiary clones (recloned twice) were derived from the KBb
s rain by the cloning procedure previously described (16) two
months after passage in splencctomized calves; ¢) the Faleon
strain of B. bovis (from Dr. K. L. Kuttler, USDA, Hemoparasitic
Research Unit, WSU, Pullman, WA 99164) was originally iso-
lated at the Falcon Experiment Station of the Texas A&M Uni-
versity from a clinical case, passaged through 13 splenectomized
calves, and frozen at - 70°C for two vears, inoculated into a
splencetomized calf, reisolated, and brought to in vitro culture
for further werk: d) the TCB strain of 5. fovis, isolated from a
clinical case at the municipality of Texcoen, Mexico State, Mex-
ico, was maintained for one year frosen at —70°C, inoculated
into a splenectomized calf, and hronpht 1o in vitro culture, The
TCRsteain of 7 boves, two 8. breemina strains (Mex and CBig),
and atertiary clone derived from CBig were obtained from The
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Tame L. Metabolie enzymes studied,
- ——W
===
Recommended name Code number Systematic name Ah:"'"iltc
ame
Giutamate dehydrogenase EC 1414 L-Glutamaie: NAD®)" oxidoreductase (dcuminaling) G
(NADD) Dit
Lactate dehydrogenase EC 11127 L-Lactate: NADY ovidoreductase LD
Phosphogluconate dehydrogenase EC L1.1.44 6-Phospho-D-gluconate: NADP 2-oxidoreductase 6 '.l
(decarboxylating) (decarboxylating) Gb
Glucose phosphate isomerase EC. 53.1.9 D-Glucose-6-phasphare ketolisomerase Gl
Malate dehvdrogenase EC 11.1.37 L-Matate: NATY: ovidoreductase D))
Glucose-6-phosphate debydrogenase EC L1194y l)-(ilucnsc-(.-plmsph:llc NADP: f-oxidoreductase GM"
Hexokinase EC.2.7.0.1 ATP: l)»Iu'\nw~l|»ph'wpholmnsfcrzlsc HK DI
Ademylate kinase E.C.27.43 ATDP: AMP phospliotransferase

AK

International Hemaprotozoan Project, Instituto Nacional de In-
vestigaciones Pecuarias, Coajimalpa, Mexico D.F,

Purification of merozoites and infected red Mood celly (IRBC).
Percoll purification of merozoites and iRBC from in vitro cul-
ture is detailed elsewhere (17). Infected RBC's in blood collected

from a splenectomized calf inoculated with the TCR strain of

8. bovis were purified by the 100% Perepll procedure (17), Ba-
besia bigeming strains and clones were concentrated using a
Pereolllinear gradient as dese ibed elsewhere (21). Culiures were
centrifuged at 1000 & for 10 min, the packed RBC fraction
layered over 68.46% Percoll, and the tubes centrifuged at 30,000
& for 6 min, Bands containing 90% jRBC were collected and
processed as described for B, povis,

Samples for metabolic enzvmeiesting. Nerozoites and iRBC
were adjusted o contain 1 x {0 iRBC or merozoites ul. Prep-
arations were frozen at =70°C, thawed, and then centrifuged at
10,000 ¢ for 10 min ina microfuge (Fisher 2351), Supernatant
fluids were aliquoted in S-ul volumes and stored at - 70°C until
used. Suspensions of normal red blood cells (nRBC) were pre-
piared in the same manner and adjusted 10 contain 2 x Q"
RBCul.

Agarese gel clectrophoresis. Gels were cast on chambers con-
sisting of two 100 > 205-mm glss plates with a I-mm thick
“U"-shaped acrylic spacer. One plass plate was covered with a
few drops of water and lavered with a sheet of GelBond (FMC
Corporation, Rockland, ME), hydrophilic side up. The spacer

e e e T T LU Dt e TN,

! - HK N +
S
hE nRBC
oy KBb IRBC
KBb mgz

Falcon IRBC

Falcon mz

TCB iRBC

ui‘-n"-g““

TCB mz

Fig. 1. Agarose gl clectrophoresis of hexokinase (HE) ot 1 povis.,
Arrow indicates point of origin. ma, merozoites; iRBC, infected RBC,
nRBC, normal RBC.
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was set between the GelBond-covered plate and 3
plate. The chamber was held in place with paper ¢
pereentagarose gels were prepared using low ( <0.10
dosmosis HGT agarose (FMIC Corporation)
I'ncl_urc;-'s insnuv\-:iuns‘_ f\gzlrosc was suspended in APPropn,,
buﬂc_r. heated 1o 100°C with constant gentle stirring, and p :
at this temperature for 10 10 15 min s tha particles vere o
!ongcr visible. The pel solution was allowed 10 coq 16 appy, :
mmlclfv 0°C and poured into prewarmed (70°C) CASTING chym
bers with the aid of a pipetie, a voiding the formation ofhuhr.,;
chs were g()ulcd 16 room temperature and later storey at 4+
i a humidity chamber, They were vsed 24 10 48 h afier pore,
aration. The covering glass plate was withdrawn wityy the '.,.,.,'.
trenches of 4 > | mm were cut with a notched Urough ey
(Gelman Instruments Co., Ann Arbor, M), and 3 Blol s
(3 x 10" iRBC or merozoites) delivered into cach trem
Trenches were refilled with warm agarose after absorphon .¢
the sample to avoid distortjon during clectrophoresis. The eips-
metabolic enzymes tosted were ghntamare dehydrogenase ;] .
laciate dehydrogenase (LDH). phosphogluconare debvan g
nase (6PGD), glucose phosphate isomerase (GP, malyte o
hydrogenase (MDII), glucose-6-phosphaie debyvdropensa
(GOPDH), hexokinase (HK). and adenylate kinase (AR I
cightenzymes studied are listed in Table L. Enzvme activim )
detected by the use of M I'T-tetrazolium-linked color (TR
as described clsewhere (2. 3). Specific reagents for cach cnsymu
were purchased (Sigma Chemical Co., St. Louis, M), ke s
cubation buffer for GDH, LDH. 6PGD, and GPIwas 008 v
Tris-HCI, pH 8.0, and for MBDH, G6PDH, HK, and AK w»
0.10 M Tris-1(l (MDH, pH 8.5; G6PDH, pH 7.0, HK st
AK, pH 7.4). Afer reaction, gels were destained. washed twav
for IS minin 10"% glacial acetic acid, and dehydrated under we
flter paper (Whatman No. 1). Approximately 2 ¢my of toee
paper were placed over the filier and pressure applicd wis
2-kg weight, After removing the weight, filter paper and pes
towel, gels were dried in a forced-draft aven at 40°C and stvnt
as permanent records.

Samples for /\'im'n-m‘liraling esterase. Samples for kinin o«
tivating esterase were arepared by hypotonic Iysis and vea
disruption of parasite material asdescribed (23). Percoll-puet g
merozoites and iRBC with parasitemias of 63% or hiphet wes
Iysed with nine volumes of distiilad water or sonivated unni o
cells remained intact (as assessed by lipht microscopy) e
rations were centrifuged a1 3000 £lor iS5 min, and the sedie
was mixed with ninc volumes of distilled water. Hoth v
natant fluid and resuspended sediment were stored at "
until used,

Esterolvte activite, Einin.aeric AT was s
lowing the procedure for measurine the rate of plasmm af0
on synthetic substrates (1 5) Fitty-pl camples o B borviventes 0
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nRBC

KBb mz
KBb iRB

g LDH +
: = Y ® kg
: : W nrec
\ ~euWE mz KBb
’ -~ Mz Falcon

-~ mz Falcon
) -t mz TCB

“, mz TCB

¢ tg 1. Agarose gel electrophoresis of lactate dehydrogenase (LDH)
« + A hnis. Arrow indicates point of origin. mz, merozoites: nRBC,
v el RBC; KBb, RBC infected with KBb strain of 8. bovis.

v wedelivered into centrifuge tubes (12 x 75) and incubated
i < 17Cfor 60 min in the presence of S0 ul of 100 mM p-tolucne

woml-L-arginine methyl ester (TAME), and 100 ul of either
i emM citrate buffer, pH 4.6, or 100 mM Tris-HCl, pH 8.6.
»+hundred pl of 2 M hydroavlamine hydrocaloride (stored
#C)and 200 ul of 3.5 N NaOH were delivered into each
=rle. the tubes allowed to stand for 30 niin, and 200 ul of
- TCA (one part concentrated HC! diluted with two parts
i - &tilled water, plus 6 g of trichloracetic acid dissotved in ;00
b ofacid solution) were added. After 30 min at room tem-
! rature the tubes were centrifuged at 2000 g for 10 min. Five
“"in‘d #l of the supernatant fluid were mixed with 2000 ul of
_' M ferric chloride in 0.04 N HCl, pH 1.2 + 0.1, and the
"rmeasured within 2 to 3 min of formation. Percent trans-
"!mec was compared in a Spectronic 21 (Bausch and Lomb,
xhester, NY) spectrophotometer at 525 nm against blanks
"W’Fd by mixing enzyme, substrate (TAME), and corre-
“Tdmg amounts of buffer and reagents. Trypsin (Trypsin 250,
’1.:!9)? at 1% concentration in 0.01 N HCI. was used as lh_e
__;"t‘ control. Conlrols for spontaneous TA_ME hydrolysis
" Prepared by substituting enzyme for an equivalent amount

Ppropriate bufler. The rate of disappearance of the ester in
“:“5 tontaining B. bovis extracts minus the rate of the spon-
) j;:’”s hydrolysis control was equal to the rate of ester hy-

,;,515 due 1o enzyme present in extracts. )
. ..trase | and 3. Presence of Es-1 and Es-3 was determined
. ":':’“"“g the procedure described by Ruddle & Roderick (19),
. "ngrclf."lflosc acetate clectrophoresis. Samples were prepared
vere__ININ-activating esterase assay. One-microliter samples
' _‘;cappllcd to Titan ll! Isoflur (l*'lc-lcnu- Laboratories, (;A) cel-

P m?\cicm? plates prcwousl)f stabilized in clectrophoresis buffer
'J»rc; dTm{ 191 mM glycine, pH 8.5). Plates were clectro-
"'\'ns 'aF 220 volts {constant voltage) for 30 min. En.z_vmc
‘Urosé Was revealed by the use ofan ovcrlay consisting 0! 1.0%
oy and 0.06% ('w/v) of 4-methylumbelliferyl acetate in 100
" cf "]’Sphmc bufler, pH 7. Agarose was suspended in 6 rpl of
. ‘*nlc-c‘CZI‘IC(J lQ .l()()"C. and hcld‘ at this l.cmpcrulurc until no
Cted \-v'“crc visible. Substrate dl.ssolvcd in 6 ml of buffer was

se ||lh lh_c hot agarose so!ulmn and poured onto the cel-
"00n? ate after clcclrophorgsns. Plates were allowed to stand
| d) temperature for 60 min and then exposed to short (280)

Ong (350) wave ultraviolet (uv) light.

t
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.
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Falcon IRBC
TCB mz

TCB IRBC

208

Fig. 3. Agarose gel electrophoresis of glucose phosphate isomerase
(GPI)of B. bovis. Arrow indicates point of origin, mz, merozoites; iRBC,
infected RBC; nRBC, normal RBC.

RESULTS

No variation in the migration pattern of B. bovis clones or
strains was detected, but clear inter-species variation was ob-
served for parasite-specific enzymes.

Glwiamate dehydrogenase. The GDH activity was observed
as a faintly stained anodic band in B. bovis-infected RBC and
merozoite preparations. No activity was detected in nRBC. There
was no detectable difference between cloned material and orig-
inal strains., Evidence of B. bigemina activity appeared in a
slower mobility range than B. bovis (Fig. 4).

Glucose phosphate isomerase, Normal RBC samples showed
two cathodic bands of activity, which were close together and
stained strongly. Babesia hovis samples showed a single anodic
band of activity (Figs. 3, 4), which migrated more slowly than
the comparable pattern of B. bigemina.

Lactate dehydrogenase. Normal RBC presented three anodic
bands of fast, intermediate, and slow mobility. The two faster
bands were stained strongly while the third was broader, stained
weakly, and was less anodic than the others. Babesia bovis LDH
aciivity was also anodic in position (Figs. 2, 4), bordering the
slow band of nRBC. Bahesia bigemina activity was faster than
B. bovis and located between the slow and intermediate nRBC
bands.

Hexokinase. Normal RBC showed only one broad anodic
band of negligible activity. Bahesia hovis merozoites or iRBC
showed one strongly stained anodic band that moved faster than
the nRBC band (Figs. 1, 4). Babesia higemina remained closer
to the line of origin.

6-Phosphogluconate dehvdrogenase, G6PDIH, AK, and MDH.,
Parasite-specific enzymes could not be detected in any of the B.
bovis or 8. higemina samples tested although activity was ob-
served for cach of these enzymes in nRBC extracts.

Kinin-activating esterase. No esterase activity was detected
in the samples tested except for the positive (iry,. .in) control.
Trypsin activity was almost absent at pH 4.2, degrading only
0.013 uM substrate/min at 37°C. Activity at pH 8.6, however,
could not be distinguished from the spontaneous degradation
control, which was total at 15 min. For this reason, a pH 7.6
bufler (100 mA Tris-HOCD) was used. Spontancous hydrolysis at
the reduced pH was only 0.017 uMmin of substrate while tryp-
sin action was complete, degrading all substrate by 30 min.
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Fig. 4. Schematic representation of the migration pattern of gluta-
mate dehydrogenase (GDHi, hexokinase (HK), lactate dehydrogenase
(LDH), and glucose phosphats isomerase (GPI). Lanes: 1. normal R BC;
2. Babesta Fovis-infected RBC; 3. B, hovis merozoites; 4. B. bigemina-
infected RBC,

Esterase ] and 3. Two bands of activity were develeped after
uv exposure. One was located close to the origin, and a second
band of fast mobility was located close to the anode. These
bands of activily were found only in nRBC and iRBC but not
in merozoite samples.

DISCUSSION

Results from the present investipation clearly demonstrate
that only four metabolic enzymies, LDH, GDH, GPI. and 1K,
of cight tested are present in A bovis and A2, bigenuna. This is
in agreement with observations previously reported (9) for ro-
dent Babesia and Plasmaodiunt spp. In this study parasite from
host GPL LD, and GDH, but not GePDIL, M| I, and APGIDEH,
were diflerentiated in B rodhaini. The presence of the same
enzymes in B. higemina and the absence of PG have been
dacumented (22). In these previous works 10, 10), preparations

JPROTOZ00L, VO, 33, NO. & NOVEMBER 1986

consisting of lysates of iRBC were used. It Was noled, o,
that failure to deteet parasite-derived CNZYMCS was ey
enzyme absence and could be due cither 1o identicy ele
pharetic mobility of parasite and host enzymes or the polcm
presence ol enzyme concentrations below the SCnsili\.ny (:;”_’ :
assay (9). In the present study, use of B. bovis MCTozoite ey, 1.
minimized the possibility that host cuzyme may mask ”'wr ;
asite activity, In addition, merozoite and iRBC pr(‘pg,mn‘”'
were highly concentrated and staining intensity was usualjy ;l o
enough to demonstrate the presence of enzymes lested, ror

The precence of HK, GPL and LDH i not SUIprisin
of previous reporis (12-14) indicating glycolvsis g the m;
energy production pathway in Babesia. Rickard (14 "
GOPDH in exwracts of B. rodhaini-infected RBC but qu
the presence of a functional pentose phosphate shuny
other enzyme of this pathway could be detected: however \f
men (9) was unable 1o detect GOPDIL Since the present .xlu""
ascribed no such activity to merozoites and 2CLViLY of th r";‘
7yvme is high in RBC, it is possible that Kickard Mmistaheps,
measured host cell activity, In addition it is reasonable 1 ;\
sume that GDH through glutamate deamination coulg suppty
at least in part, NADH or NADPH for other synthetic g0«
degradative purposes, Absence of MDI s in conflict with R,(":
ard’s observations that high levels of activity ocecur in B org
haini extracts. Momen (9), however, found this enzyme in hops
RBC preparations aud noted that reticulocytes accounted (‘_,.
most of the activity. Rickard (14) had not removed reticulocyyey
from his preparations and did not include controls for immarye,
erythrocytes. Polvmorphism of the parasite-specific enzvmea
was not observed cither in cloned material or strains from d,f.
ferent geographic areas. The K.Bh and Falcon strains were Pas.
saged through splenectomized calves (9 and 13 times, TCSpey -
tively) and maintained for at ieast one month in culture before
testing. It could therefore be argued that selection mav have
occurred, thus eliminating previously existing suhp()pu'l;m..m
with different clectrophoretegrams. This phencmenon isknous
to occur in Plasmodium (1, 3.5, 18) and Theilerig (7,8 1 &
seems not ta be the case with 8. fovis since passage of a chinica
isolate to a splenectomized calf and further cultivation in v
for one month showed no changes in serial clectrophoretograr
This is in agreement with previously reported observanons e
B. microti strains (10) and B. higemina-cloned materials (20

Inter-species variation in the clectrophoretic migration of pas-
asite-derived enzyme was noted when electrophoretograms ¢!
B bhovis and B. biceming were compared. Similar observanoen:
were reported for B hylomysci, B, microti, B, muratovi. and #
rodhaini (10). Other bovine babesias have not been comparoe
but this system may be useful for taxonomic purposes. Hoate
(6). for example, questioned the validity of the taxonomic wp~
aration of B. bovis and B. divergens, which are very simize
morphologically,

Kinin-activating esterase was not detected in samples of 4
bovis clones or strains. This is in contrast with observatiens
reported carlier (23) in which high levels of activity (0.7 ensveee
units-ml) were found in extracts prepared in a manncer simise
to the present study. Further studies (22. 24) showed that vaccine
strains, attenuated by rapid serial passages in at least nine sy«
nectomized calves (1), produced no esterase and suggesied tha?
this enzyme was related to virulence by virtue of its b=
activating function thyouph conversion of plasma prekallihie-
into the active kallikrein In the present study, clones tested 2
this enzyme were derived from one stiain (KBb) after pasare
nine times in <plenectomized calves, and another (Falcom sra
after | Vsimilan passages: Samyples from the TCB strain, prepas
from infected blood or in vitro enlture, had no activiy at 2
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I S RODRIGUEZ ET AL~ ENZYMATIC CHARAC L RIZATION OF B BOVIS

!

i .y indicated that a primary clone derived from the Ki3b
,abehaved in the same manner as Australian vaccine strains,
g a mild reaction in vaccinates but reverting to full
~enee when subinoculated. Thus. it secrs possible that the
cenceisan inducible or repressible trait. This, however, does

Crewplain the absence ol esterase activity in TCH strain sam-
+ Astudy including samples from other virulent <trains scems
eanted to clarify the problem.
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Cultivation of Phytomonas francai Associated with Poor

Development of Root System of Cassava!

MARILENT HENNING VAINSTEIN and ISAAC ROITAMAN?
Departamento de Biologia Celi’ar, Universidade de Brasilia, 70.910 Brasilia DF. Bra=il

ABSTRACT. In the state of Espirito Santo. Brazil. a cassava disease was recently described, and subsequently a high density of
Ipanosomatids was revealed in the latex of unhealthy plants. To better characterize this flag-tate, Phytomonas franget, we tried to
Erow it axenically. Successful results were obtained using a biphasic medium containing rabbit blood in the solid phase and a defined

medium as overlay.

RYPANOSOMATID fMlagelates have been deseribed in the
) laticiferous tubes of several Euphorbiaceae and Asclepia-
,-)G’Ccac species after the first report by Lafont in 1909 (12).
COnovan (7) suggested the generic name Chytomonas for the
""’E.ﬂnisms in latex plants. There are probably six species de-
~tibed in (he genus, cach from a diflerent family of plants (13).

\

t . . . . . . .
" \;'n\"'%ll[!:l|l(\I1 supported by the National eceaseh Conpeil of Tiasil
A 3 . . - . .
; '_‘U. We thank Dr. Phalip Marsden for help swith the nuinuseript.
O whom correspondence should be sent.

There are three well-known cases in which Phytomonas has
proved to be the only microorganism speaifically associated with
lethal plant diseases: the phloem necrosis of Coffea likerica (19),
“marchitez” of vil palm (61, and the *hartrot™ of coconut palm
(17). Recently a species of Phvtomonas frangai was found as-
sociated with a disease known as “chochamento das raizes,”
which means “empiy roots,” in the cassava (Manihot esculenta
Crantz); the disease is chaacterized by a poor root system de-
velopment and general chidorosis of the acrial part of the plant
(11 The present paper gives details of the isolation and cuolli-
vation ol these Dagellates irom the cassava latieiferous ducts.
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ABSTRACT

Vega, C.A., Buening, G.M., Rodriguez, 8.D. and Carson, C.A,, 1986. Cloning of in vitro
propagated Babesia bigemina. Vet. Parasitol., 22: 225-233.

The original Babesia bigemina culture conditions were modified with regard to in-
leeted bovine erythrocyte concentration and atmospherie environment. A procedure was
designed which would yield a homogeneous parasite population, beginning with a single
infected erythroeyte. Caleulated dilutions were made in 96-well tissue culture plates to
approach cne infected erythroeyte per four wells. Growth of parasites in wells was de-
tected between 16 and 28 days after cultures were initiated. Clones were transferred to
24-well tissue culture plates for regular maintenance. Three primary clones were selected
for additional recloning. The probability that the perasites detected in one well are the
progeny of asingle infected erythroeyte  pproaches 0.99 for tertiary clones,

INTRODUCTION

Bovine babesiosis is considered among the most important tick-borne
diseases of cattle in tropical and subtropical regions of the world. Babesia
bigemina and B. bovis are recognized as the etiologic agents of the disease
in the Americas.

Studies of intra-erythrocytic protozoan parasites have been advanced by
the development of procedures that allow their replication under controlled
laboratory conditions. Cloning of Plasmodium fulciparum has employed one
of two methods, limiting dilution (Rosario, 1981) and direct microscopic
selection (Trager, 1981), utilizing the in vitro culture conditions developed
by Trager and Jensen (1976).

Continuous in vitro cultivation of B. bovis has been reported by Levy and
Ristic (1980) and Erp et al. (1980). Rodriguez et al. (1983) developed a
cloning procedure after refining the B. bovis culture method. In the latter
case a limiting dilution scheme was used and cultures were maintained under
a low oxygen atmosphere. Vega et al. (1985a) described a continuous in

0304-4017/86/$03.50 ® 1986 Elsevier Science Publishers B. V.
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vitro culture procedure for B, bigemina, in which a suspension of infected
bovine erythrocytes was maintained under low oxygen conditions. In this
method, relatively low numbers of infected erythrocytes (0.03% parasitemia)
have been used to successfully initiate cultures. The percentage of parasitized
erythrocytes (PPE) obtained, however, rarcly exceeded 3%. The present in-
vestigation was designed to define optimal culture conditions and devise 2
procedure for cloning B, bigemina.

MATERIALS AND METHODS
Babesia bigemina strain

The source of parasites was a Mexican strain provided by Dr. K.L. Kuttler
(USDA, Hemoparasitic Disease Unit, Pullman, WAY99164). Three different
sub-isnlates (S, R, K) of the same strain were employed and maintained in
continuous culture prior to cloning,

Culture conditions

General culture conditions were basically the same as those described by
Vega ¢t al. (19853). The following experiments were carried out to refine
the culture method for the purpose of cloning,

Experiment 1: Determination of optimum red blood cell (RBC) con-

centration

To establish the Iimits for the B, bigemina culture procedure, five con-
centrations of red blood cells were compared. A thin smear was prepared
from cultures of B. bigemina, stained by the Giemsa method and the PPE
was determined by counting the number of infected and normal cells in
= 18 microscopic fields. The PPE was adjusted to 0.1%. Packed erythrocytes
were resuspended to a 10% (v/v) concentration by addition of fresh com-
plete medium, Serial 2-fold dilutions with complete fresh medium were
made to obtain 10, 20, 10, 5 and 2.5% (v/v) RBC concentrations. Each sus-
pension was then distributed in duplicate into a 24-well plate (Costar,
Cambridge, MA 21793) (16-mm ID) in 805-ul volumes with 4 mm depth.
The plate was incubated at 37°C in humid 5% CO,, 2% O,, 93% N, atmo-
sphere. Spent medium was replaced daily with 400 u! fresh medium. Parasite
development was monitored by preparing Giemsa-stained thin smears from
etther of the two culture wells for each different RBC suspension. At 72 h
all duplicate cultures were sampled, pooled accordingly and diluted 1:10
with the appropriate nRBC’s suspension. The experiment was terminated
after 6 days.

Experiment 2: Determination of the effect of ‘sced’ density
This experiment was designed to assess the possibility of initiating cultures
with very low numbers of parasites. Two culture wells containing replicating
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B. bigemina parasites in a 10% RBC (v/v) concentration with a PPE of 1.0%
weie pooled and adjusted to a 5% RBC (v/v) by the addition of fresh medi-
um. Serial 10-fold dilutions were prepared by mixing one volume of the
original 5% RBC (v/v) suspension containing 1% infected RBC (iRBC) with 9
volumes of a 5% (v/v) normal RBC (nRBC) suspension in fresh medium.
Thus, cultures were initiated with 0.1, 0.01, 0.001, and 0.0001 PPE. Dupli-
cate wells were filled with 805 ul of each dilution in a 24-well tissue culture
cluster plate, and incubated at 37°C in a humid 5% CO,, 2% O,, 93% N, at-
mosphere. Six hundred ul spent medium per well was exchanged daily. A
2.5% (v/v) nRBC suspension in fresh medium was added on Days 3 and 7 in
600-u1 volumes instead of fresh medium exchange. Subcultures were made
by 1:2 dilution on Day 5, and 1:4 dilution on Days 9 and 17 after initiation
of cultures. Samples of 3—5 ul were obtained from duplicate wells to moni-
tor parasite development through the use of Giemsa-stained thin blood
smears. The experiment was terminated after 15 days.

Experiment 3: Determination of optimal fluid level

This experiment was designed to observe the effect of five different fluid
levels in four different atmospheres. Several culture plates containing B.
bigemina iRBC in a 10% v/v concentration were poolea. This suspension was
diluted 1:6 with a 10% (v/v) suspension of nRBC in fresh medium to obtain
a PPE of 0.05. This suspension was dispensed into four 24-well tissue culture
cluster plates in voiumes of 603, 804, 1005, 1206 and 1407 ul in duplicate
wells for 3,1, 5, 6 and 7 mm depth, respectively. One plate was incubated at
37°C under cach of the following atmospheres: A = 5% CO,, 2% 0., 93%
Ny; B = 5% CO,, 5% O,, 90% N,; C = 5% C0O,, 10% O,, 85% N,and D = 5%
CO; in air (approximately 18—20% 0,) in humid chambers. Proportional
amounts of medium (75% of volume) were exchanged daily. Each duplicate
culture was pooled after medium exchange at 72 h and subcultured by 1:10
dilution, with a 10% (v/v) nRBC suspension in fresh medium. Parasite
growth was monitored daily by examination of Giemsa-stained thin blood
smears obtained from either duplicate well. The experiment was concluded
after 6 days.

Experiment 4: Development of a cloning scheme

Duplicate cultures, which contained a majority of singly-infected erythro-
cytes, were pooled after mediunm exchange and mixed with 1.0 mi of VYM
solution (Vega et al., 1985a). The initial PPE was determined by counting 18
fields of two thin blood smears by the Giemsa method. A sample of the sus-
pension was used to determine erythrocyte concentration by the Newbauer
hemacytometer method. Concentration of erythrocytes was adjusted to con-
tain 10° iRBC in 200 g1 (based on the average PPE), by the addition of fresh
culture medium. Initially a 1:10 dilution was made by transferring 20 ul
(10% iRBC) of the above suspension into a well (96-well microtiter plate;
9.mm 1D) containing 180 ul of fresh medium. Serial 10-fold dilutions were
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carried out in single wells in 200 rl volumes up to 10°°. Ten iRBC were
theoretically present in the final 200-u! volume. A final 1:10 dilution was
made by transferring 20-ul volumes of the previous dilution to 10 different
wells, all containing 180 ul of fresh medium., The final 200-u! volume (theo-
retically containing a single iRBC) was divided into four aliquots of 50 ul
each in another 96-well microtiter plate (average 0.25 IRBC/well). These
ultimate wells constituted a cloning set. Ten cloning sets were contained in
a single plate. The peripheral wells of the plate were filled with sterile
distilled H,0 to prevent excessive cvaporation. Seeded wells were replenished
to a final 160-ul volume (5 mmn depth), by addition of a 5% (v/v) nRBC sus-
pension in fresh medium. All plates were incubated at 37°C in a humid at-
mosphere containing 5% CO., 5% 02, 90% N,. Fresh culture medium in 100-
ul volumes per well was exchanged daily. Addition of 100 ulwell™! of a
2.5% (v/v) nRBC suspension in fresh medium was carried out at 48-h inter-
vals after subculture. Subcultures were made cvery 96 h by a 1:2 dilution
with 5% (v/v) nRRBC suspension in fresh medium. Detection of parasites was
done by preparing thin blood smeurs for each well at the time of subculture,
beginning at 384 h (16 days) after initiation of cloning and every 96 h there-
after up to 768 h (32 days). If the number of parasites found in a smear had
a PPE of > 0.3% the contents of that single positive well were transferred to
another well in a 24-well plate. The culture was expanded for continuous
cultivation by adding a 5% (v/v) nRBC suspension in fresh medium to a total
volume of 1005 ulwell ! (5 mm depth) and incubated under the same at-
mospheric conditions. Clones are designated primary if obtained from the
initial cloning procedure. Repeated cloning, or recloning, results in the isola-
tion of secondary and tertiary clones.

It was assumed that the results of the cloning procedure would fit the
Poisson distribution for rare events. The model used for the determination
of the probability values is the same as the one described by Graves et al,
(1984) for P. falciparum where the probability that the parasites detected
in one well are the progeny of a single iRBC is ye #/(1 - e M), and the u
value was estimated as the average density of parasites per well per plate
using the formnula 1 = 1n (1 + total no. positive wells/total no. negative
wells).

RESULTS
Experiment 1: Optimum red blood cell concentration

'The growth pattern of B. bigemina was affected by low and high con-
centrations of cells (Table I). Suspensions containing 5~10% volumes sup-
ported increased replication of the parasite. Total yield of iRBC was largest
using a 10% suspension, and all effects were more apparent after subculture
at a 1:10 dilution after 72 h in culture.
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TABLE I

Effect of red blood cell concentration on the in vitro growth of Babesia bigemina

"~ RBC Hours in culture

0 24 48 72b 9 120 144

PPE
2.5 0.1 0.183 0.222 0.059 0.000 0025 0.000
5.0 ¢1 0180 0.652 0.375 0.138 0.233 1.016
10.0 0.1 0173 0.874 0.187 0.091 0.225 1.064
20.0 0.1 0.170 0.263 0.220 0.044 0.090 0.547
40.0 0.1 0.124 0.064 0.012 0.000 0.020 0.018

#Cultures were initiated with 0.1°% paruasitized erythroeytes (PPE).
bSubeulture by dilution 1:10.

Experiment 2: effect of ‘seed’ density

The time required for parasite detection in vitro was extended as de-
creased numbers of parasites were used to initiate cultures (Table 11). Ad-
dition of fresh nRBC favored multiplication of the parasite, and extended
the time required for subculture. No detrimental effect on parasite growth
was observed at the low dilutions (1:2 and 1:4) when the PPE was low prior
to subculture. Without adjusting data for the dilution effect, a 100-fold in-
crease in the number of parasites was noted between 6 and 9 days in cul-
tures initiated with PPE < 0.01.

Experiment 3: determination of optimal fluid level

Fluid levels > 6 mm diminished par: site growth when oxygen tension was
< 10% (Table ). The highest PPE of 3.322 was observed after 144 h in cul-
ture with & mm fluid level under a 5% O, atmosphere. Total purasite yields
were optimal when B. bigemina cultures were maintained under a humid
atmosphere composed of 5% CO,, 5% O, and 90% N,.

Experiment 4: cloning

More than 20 primary clones were obtained from each of the three sub-
isolates, yielding low probability values (Table 1V). The probability that
clones were begun from a single iRBC increased after secondary and tertiary
procedures (Table 1V). Positive wells were detected as early as 16 days and
all clones were harvested and expanded between 20 and 28 days after initia-
tion of the cloning procedure. Wells in which parasites were not detected by
Day 32 were considered negative and discarded.

Primary and secondary clones maintained in vitro were randomly selected
for further cloning. Recloning was not totally predictable, however, since



TABLE II

Effect of the initial seed density (percent parasitized erythrocy

tes) on continuous in vitro growth of Babesia bigerina

Days in culture

0 1 2 32 4 5 6 74 8 9 10 11 12 13 14 15
0.10®  0.065 0.250 0.828 1.317 2.332 0.800 1.155 1.229 Discontinued

0.01 ND ND 0.021 0.075 0.312 0.493 1.409 1.626 Discontinued

0.001 ND ND ND ND + + 0.028 0.085 0.385 0.563 1.239 1.528 Discontinued
0.0001 ND ND ND ND ND ND ND + 0.011 0.012

0.109 0.353 0.370 1.083 1.345

3Replacement 2.5% nRBC Days 3 and 7, subculture by dilution 1:2 on Day 5 and 1:4 on Days 9 and 12.

®Seed density of initiating culture in percentage of parasitized erythrocytes (PPE).

+ = Positive but too low to count.
ND = Not determined.

823
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T¢ BLE 111

Eifect of fluid level under different atmospheric environments on the in vitro growth of
Babesia bigemina

Depth  Hours in culture Atmosphere
{mm)

0# 24 48 7ob 9g 120 144

3 0.05 0.207 1.149 2.294 1.232 1.510 2.001 A (2% 0,)
4 0.05 0.217 1.118 2.271 1.139 2.198 2.150

b} 0.05 0.242 1.235 1.938 0.180 0.940 1.8.44

6 0.056 0.110 0897 2105 0955 1.379 1.539

7 0.05 0.236 1.240 1.532 0.613 1.338 0.989

3 0.05 0.484 1.35.4 2.535 1.065 3.223 2.109 B (H% 0,)
-} 0.05  0.157 1.004 2377 1.255H 2.542 92280

5 0.056  0.379 1.259 1.888 0.882 2.200 3.322

6 0.05  0.336 1.183 1.301 0.787 2.003 2.203

7 0.06  0.307 1.200 1.743 0.709Y 1.101 1.926

3 0.05  0.147 1.682 2,219 0.666 1.718 2.027 C (10% 0,)
4 0.05 0.273 1.116 2.174 0.962 1.364 1.932

b 0.05  0.194 1.0258 1.676 0.601 1.767 1.761

6 0.05 0.233 1.111 1.713 0.689 2.305 1.803

7 0.05 0.402 0.857 1.686 0.928 1.785 1.8056

3 0.05 0.u22 + + + D (20% O, approx.)
B 0.06 0.017 + + +

H 0.05  0.022 + + + -

6 0.05 0.075 0.008 + + + -

7 0.05 0.115 0.023 + + + +

“Initial percentage of parasitized erythrocytes (PPE) = 0.05 at 0 h.
bSubeulture by dilution 1:10.
+ = Positive but too low to count.

= Negative.

derived clones initial growth rates in subsequent recloning did not prove to
be uniform and several attempts to reclone primary clones derived from the
S-sub-isolate were unsuccessful,

DISCUSSION

A sensitive method for in vitro cloning of B. bigemina parasites was devel-
oped. Contrary to our expectations, a red cell concentration of 2.5% did not
support parasite development under in vitro conditions. In contrast, cloning
procedures for P. falciparum (Rosario, 1981; Trager et al., 1981; Graves et
al., 1984) were successful at an initial packed cell volume of 2%. Apparently
a strong contact or pressure between host cells was required for B. bigemina
to penetrate into new cells. The detrimental effect observed with higher con-
centrations of cells may be explained by the competition for nutrients.

N——



TABLE 1V

Derivation of B. bigemina clones: identification of sub-isolates, time in culture and associated probability values?®

K-sub-isolate

R-sub-isolate S-sub-isolate

52 days in culture
primary cloning
(x = 0.85 parcsites/well)

III-KC11b + 22 primary clones
(p, = 0.63)

96 days in culture
secondary cloning
(x = 0.10 parasites/well)

III-KC11C10 + 2 more secondary ciones
(p.=0.94)
p,,=00982

58 days in culture
tertiary cloning
(x = 0.10 parasites/well)

III-KC11C10E9 + 3 more tertiary clones
(p, =0.94)
p,;, =0.992

138 days in culture
primary cloning
(x =1.38 parasites/well)

177 days in culture
primary cloning
(x = 0.79 parasites/well)

III-RF8 + 9 primary clones
p, =6 .6)

73 days in culture

secondary cloning
(x = 0.07 parasites/well)

III-SE2 + 21 more primary clones
(p, = 0.65)

II-RF8F3 + 2 more secondary clones
(p.=10.86)
p,, = 0972

11 days in culture
tertiary cloning
(x = 0.10 parasites/well)

III-RF8F3C3 + 3 more tertiary clones
(n,=0.94)
D,..=0.992

aAfter each recloning, the probability that a
probability that a line arose from more than o

BClone identification number.

line arose from a single parasite was obtained by multiplying together the
ne parasite in each individual cloning and subtracting from 1.

0€g
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A favorable effect on parasitc maintenance was observed when a suspen-
sion of fresh normal bovine erythroeytes was added at intervals between sub-
cultures, particularly when parasite numbers are small. This same effect was
not obhserved when the number of parasites was > 1 PPE,

Normal parasite development was improved when cultures were main-
tained under low oxygen tension, especially at the level of 5% O,. Vega et al.
(1985h) had shown that when cultures were started from cryopreserved sam-
ples, optimum growth was obtained using a similar concentration of O, in
the atmospheric environment. Higher fluid levels were less efficient in sus-
taining parasite growth compared with lower fluid levels, although the effect
is minimized if cultures are maintained in atmospheres with < 10% O,. When
cultures are initiated with low numbers of parasites, high oxygen tensions
of 18—20% obtained with a regular CO, incubator do not favor growth. In-
creasing the fluid levels up to 7 mm does not seem to be sufficient to main-
tain an adequate microacrophilic environment for B. bigemina.

Considering he large number of clones derived from the first attempts,
also representing low probability values (0.65, 0.46 and 0.63), it is still
possible that such populations might not be homogenceous. Therefore re-
cloning two additional times was desirable.

B. bovis clones appeared to have a defined growth rate (Rodriguez et al.,
1983). The concept of constant growth rate for B. bigemina clones in vitro
was not observed. 1t has been reported that in inoculated animals, B. bigemina
apparently multiplies faster than other bovine babesia species (Sergent et al.,
1927). Callow and Hoyte (1961) and Bishop et al. (1973) were able to
separate B. bigemina from B. bovis by rapid passes in splenectomized calves.
In addition, the doubling time in the blood of infected animals has been
estimated to be 8.13 h (Wright and Goodger, 1977). In culture, a PPE of
0.3% is a good estimate of parasite development if one considers that clones
are initiated with only one iRBC. Also values > 2% are not easy to obtain
with the culture conditions described in this report. The PPE of 0.3% repre-
sents approximately 3 X 10* iRBC in 10° erythrocytes. By simple calculation
these 3 > 10" iRBC will convert into 2.4 X 10* iRBC in 24 h and 23 min if
the doubling time of 8.13 h is considerad. This appears not to be the case in
culture; 2.1 » 10" iRBC represents a 2.4% PPE and this is usually not achieved
until after 48 h in culture. Therefore, the doubling time in culture must be
longer than that observed in inoculated animals. The in vitro culture method
still has some limitations. Future studies are required to determine the true
doubling time for B. bigemina in culture.

It has been known that individual isolates of Plasmodium falciparum are
heterogencous (Rosario, 1981; Trager et al., 1981; Graves et al., 1984). Al-
though exactly the same phenomenon has not been described for B. bigemina,
it has been documented that avirulent strains can be derived after passage in
intact calves (Dalgliesh et al., 1981). Apparently, such manipulation allowed
the selection of avirulent subpopulations for use as immunizing material
(Mellors et al., 1982). It is possible that this and other biochemical and im-
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munological properties of the strains or sub-populations of B. bigemina
could be better differentiated or demonstrated if they are selectively sep-
arated by in vitro cloning. These and many other potential applications of
the B. bigemina cloning procedure have been projected.
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Babesia bigemina-Infected Erythrocytes'
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ABSTRACT.  Clones of in vitro-cultured Babesia bizenuna-intected eivthroeytes were concentrated by several density gradient pro-
cedures. The density range of infected erythrocvies containing pairs of parasites was 1,077 1o 1.089 g-ml. whereas the density range of
infected erythroeytes contaiming single parasites was 1.092 1o 1,100 g ml. Three enzymes—lactate dehydrogenase, elucose-phosphate
isomerase. and plutamate dehydrogenase —were found associated with infected ervthroeytes, The parasite-specific enzyme and/or iso-
enzymes were shown to have diflerent mobility patterns in starch gel electrophoresis from those found in the normal bovane ervthrocytes.
The enzyme 6-phosphogluconate dehvdrogenase was not detected as parasite-specilic enzyme in B, Ligemina-infected ervthrocytes.,

HE continuous in vitro cultivation method for Babesia bi-

gentna was recently deseribed by Vega etal. (23): however.,
the pereentage of parasitized ervthroeyies (PPE) seldom exceeds
3 10 6%, Theretore. it was necessary 1o develon a method 1o
concentrate the infected ervthroeytes before attempting an anal-
ysis of the enzymie contents of the parasite. Mahones (14 ob-
served that the concentration of B, Povis-infected crvihiroevtes
increased when packed red cells were exposed o lvpotonie
saline soluttons. This concentration method for 5. bovis has
been used for many different purposes by several investigators
(FO=12.15,22.27.28). The same hemalytic elfect by hy potonic
sadine solutions was not observed on B. bivemina-infected cervih-
rocytes (14, 27).

Pertoffetal. (18 nirst reported the use of polyvinyvipyrrolidone
(PVP)-coated colloidal silica particies (Percollw, Pharmacia
Chemical Coo Sweden). Density gradients prepared with Percoll
have been used for the separation of diflerent cell populations
(8. 20). Percoll density gradients have also been used for the

separation of protozoan parasites (6. 19). Aqueous solutions of’

ditrizoate meglumin (Renografine, Squibb Lab.. Priaceton, NJ)
have also been utilized in density gradients for the purilication
of Rickettsia 1vphi (26) and Anaplasma marginale (7). Combi-
nations of Percolt-Renografin have been used as density gradient
medium for the separation of human erythroevies into age-
dependent fractons (1, °3).

Sherman (21). using infected ervihroevtes, detected hetero-
geneity for lactate dehydrogenase (LDH) in Plasmodium lo-
phurae in ducks and . herghei in mice. but could deteet no
diflerences lor B, rodhaini-infected mouse ervthroeytes. He con-
cluded that in 8. rodhaini the concentration of LDH was small
and not detectable or that the parasite enzyme had the same
mobility as the host cell enzyme. Momen (16), studying the
diflerences in metabolism between Plasmodium and Bubesia in
mice, found that three enzymes—lactate dehydrogenase (LDI 1),
glucose-phosphate isomerase (GPI). and gluiiamate dehvdro-
genase (GDH)—out of cight enzvmes tested could be assumed
1o be of . rodhaini origin because of different migration patterns
in starch gel electrophoresis. Later. Momen et al. (17) studied
several known Babesia species of rodents and two Babesia iso-
lates from humans believed 1o be of rodent origin. Enzyme
variation was demonstrated for all four isolates with LDH. as
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was suppoited in part by a fellowship provided by Conscjo Nacional
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well as GDHL Intraspecies diflerences could not be detected.,
Carter and associates (3-5) were able 1o identify electrophoret-
wally distinet forms of GPI, 1D, and 6-phosphogluconate
dehvdrogenase (6-PGD) from different human isolates of Pos-
modivn falciparir. Tt was alse found that individual samples
were heterogencous in that diflerent subpopulations of parasites
were present in the blood.

The objectives of the present study were oriented toward 1)
the concentration of 8. hivemina-infected ervthroeytes derived
from i vitro culture and 2) then utilizing these 5. higemina-
miccted ervthroeytes to evaluate parasite enzyme content by
means of mobility in starch gel clectrophoresis.

MATERIALS AND METHODS

Source of Babesia bigemina. The original Mexican strain was
provided by Dr. K. L. Kuttler (USDA. Hemoparasitic Discase
Unit. Pullman. WA 99164). Different clones were derived from
three diflerent animal subisolates of the same strain by mn vitro
cultivation (24).

Invitro cultire procedure, Normal bovine cryvthrocytes (nRBC)
were collected into sterile flasks with defibrinating glass beads.
washed twice with VY'M (Vega v Martinez) solution (23). and
after removing the bufly coat and uppermaost ervthrocyte laver,
were resuspended at 25% (vav) concentration in VY M. A mod-
ification of the method deseribed by Fulton & Cirant (N utilizing
cellulose powder was carried out further to eliminate contam-
inating leukocytes. The processed ervthrocytes were stored at
4o,

‘Thein vitro culture conditions were similar to those deseribed
previously (24). In order o obtain large volumes of 53, higemina,
infected erythroevie cultures were grown in 25-cm” or 75-cm”
culture flasks with total volumes of 13.5 or 38.5 ml. attaining
a S-mm fluid depth. Compleic culture medium was prepared,
and 10 or 30 m! of the culture medium were exchanged daily.

Density gradients. When cultures had reached the optimum
pereent parasitized erythroeytes (PPE), usually 2 10 8% at 72 h
alter subculture, supernatant fluids were carefully removed [rom
the flasks, and the sedimented erythroeytes were recevered. In-
fected ervthroceytes were concentrated by onc of the following
procedures:

L. Percoll-Renografin gradient. An aqueous suspension of Per-
coll (density 1130 g/ml) was purchased. Likewise, Renografin-
75 (methylglucamine, N.N'-diamino-2.4.6.-triiodobenzoate) was
obtained in a 75% aqueous solution (density 1,332 g/ml). A
working Renografin solution was prepared as described (1): 15
ml Renografin-75, 22 ml0.15 M NaCl, and 28 ml distilled H,O.
This solution was checked with a hydrometer and adjusted by
the addition of equal volumes of 0.15 M NaC! and distilled
H,O until the density was 1.095 g/ml. The resulting solution
was filtered through a 0.45-pm membrane filter and stored at
4°C. The Renografin working solution was mixed with an cqual
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volume of iso-osmotic 95% (v/v) Percoll (95 ml Percoll + 5 ml
3.0 M Na(l).

The density gradient for separation of 8. higemina-intecied
eryvthrocytes was esiablished as follows. One milliliter of sedi-
mented erythroeytes was mixed with 7.5 ml of Percoll-Reno-
gralinin a 14 > 70-mm round bottom polycarbonate tube. The
tubes were centrifuged (for exactly 6 min) at 30,000 ¢ in an angle
rotor (Sorvall Model RC2-B, Rotor No. S$8-34) at 4°C, deic-
celeration without braking. At least four diflerent cell fractions
or bunds could be recovered by the use of a bent-tip pasteur
pipette. Each fraction was washed two to three times with at
least 10 volumes of 0,15 M NaCl solution and stored at 4°C
until used.

2. Percoll 68.46% iso-osmotic gradient. A 90% (v v) is0-0s-
motic Percoll solution (P-iso 90) was prepared by mining 90
volumes of stock Percoll with 10 volumes of sterile 1.5 M NaCl
to attain a density of 1123 g-ml (manutacturer recommenda-
tions). Stock P-iso 90 was adjusted (o a density of 1.093 g ml
by mixing 10 volumes of P-iso 90 with 3.146 volumes ot 0,15
M NaClL The resulting solution had a concentration of 68.36%
(v v) Pereoll (P-iso 68.46). Packed ervthroeytes from infected
cultures in volumes ot 0.6 ml were mined with 7.5 ml of P-iso
O8.46.in 14 =~ 70-mm clear polycarbonate tubes. The tubes were
centrifuged (for exactly 6 min) (30,000 ¢) at 4°C, deaceeleration
without braking. Aslight modification of the procedure involved
adding packed infected erythroeytes with P-iso 68.46 exactly as
described except the tubes are centrifuged at 30,000 ¢ for 30
min at 4°C. After centnifugation. the fractions were collected
and washed as deseribed above, A mixture of density marker
beads in a 0.6-ml volume was mixed in a polvearbonate tube
with 7.5 ml P-iso 68.46. This tube was centrifuged at the sanie
time as the tbe containing the 'nfected erythroeytes o visualize
the densities and construct a density curve,

3. Discontinuous density gradient. Concentration ol larger
volumes ol infected erythroceytes swas carried out by preparing
a discontinuous gradient of Percoll. All iso-osmotic Percoll so-
lutions were made from P-iso 90 (density 1,123 g/ml). Ten
volumes of P-iso 90 were mixed wvith 1.818, 3.928, 11.272. and
29.0 volumes of sterile 0.15 M NaCl solution. The resulting
solutions, with densities o 1105, 1.090, 1.061, and 1.036 g/m,
corresponded to P-iso 76.13, P-iso 64.61. P-iso 42.30, and
P-iso 23.07 in percentage (v/v) of Percoll concentration.

Infected erythroceytes were obtained by removal ol superna-
tant uid from the flasks. and the sedimented cells were resus-
pended in 10 1o 15 ml of VY'M solution (23) and transterred 1o
aconical 15-mlsterile polvstyrence centrifuge tube, The tube was
centrifuged at 750 ¢ for 15-20 min at 4°C. Supernatant fluid
was carcfully removed, and the volume quantified and discard-
¢d. Packed ervthroceyvtes were vigorously mixed within the tube
with exactly the same volume of P-iso 90. One- 1o three-mil-
liliter volumes of cach of the previously prepared sterile Percol
suspensions were carcfully layered on top of the erythroeyte-
Percoll mixture, beginning with the highest density of 1.105
g/ml to the last suspension with a density of 1,036 g/ml. Tubes
were centrifuged at 750 ¢ for 30 to 60 min (average of 45 min)
at 4°C, The fractions were collected and processed as described
above.

Preparation of samples for enzvmatic studies. Atter elimina-
tion of most of the noninfected erythrocytes by any of the afore-

mentioned procedures, cell harvests containing 65% or more of

inlected erythrocytes were selected. Suspensions of parasitized
erythrocytes were adjusted 1o a concentration of 1 x 10 ml,
transferred to cryotubes, and frozen to —79°C for 24-48 h. Vials
were quickly thawed at 37°C, resuspended by gentle agitation,
and dispensed in 15-20-pl aliquots into previously labeled in-
dividual vials and immediately frozen and stored at —79°C,
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Suspensions of normal bovine erythrocytes maintained under
similar cuiture conditions and separated in an identica! manner
were included.

Starch gel electrophoresis. Samples for electrophoresis were
removed trom the freezer and allowed to thaw at room tem-
perature, Lysed ervthroevte material was transferred from the
Vidls o 6 ¢ 6-mm square picces of Whatman No. 3 paper by
dispensing 15 ul with a micropipette. These picees were placed
immediately in the starch gel,

Gels were prepared and used within 24 h according o the
procedures deseribed by Carter (2). Gel number and identifi-
cation were written on the top surface glass. and the gel allowed
to solidify overnight at room temperature. The gel was incised
all the way through with a scalpel blade. The gel was then care-
fully separated about 10 mm wong the incision. The 6 X 6-mm
squares of hfter paper containing the lvsed eryvthrocyte material
were placed in the edge of the incised gel, which was rejoined.
Yhe gel was then placed in an clectrophoresis apparatus in a
refrigerator. The dine of origin (samples) was always 60 mm
from the cathodad end of the gel. After electrophoresis. the power
su, ply was turned ol and the gel removed for staining as de-
seribed by Carter (2). Enzyme activity was detected by specific
color development as explained by Sherman (21). The appro-
priate reagents (Sigma Chemical Co., St Louis. MO) were mixed
and poured on the surlace of the gel and incubated at 37°C for
30 10 60 min. Results were recorded by photography. The fol-
lowing enzymes were assayed: lactate dehydrogenase (LDH),
glucose phosphate isomerase (GP), 6-phosphogluconate de-
hydrogenase (6-PGD), and NADP-dependent glutamate dehy-
drogenase (GDH),

RESULTS

Densuy gradients. Percoll-Renografin density gradients sep-
arated 8. higemina-infected cerythroevtes from non-infected
cryvthroeytes. Four major ractions or bands were collected and
identified by their position from the top to the bottom of the
centrifuge tube. A well defined pinkish band at the top of the
tube consisted of red celf stroma and parasite-containing ghosts.
The next band was a broad zone and contained greater than
90% infected ervthrocytes. Most ol the infected cells contained
pairs of the parasite. The third band was located below the center
of the tube and was usually well defined, with a majority of
infected erythroeytes containing a single parasite. The fourth
band was located close to the bottom of the tube and contained
densely packed non-infected erythroeytes with a few erythro-
cyles containing very immature parasites.

Fractions obtained from the 68.46% (v/v) Percoll centrifuged
for 6 min were similar in distribution and composition to those
reported lor the Percoll-Renografin gradient. Figure 1 is a graph-
ic representation of the fractions obtained by the two methods
and presents a density calibration curve. When the time of cen-
trifugation was increased to 30 min, the separation pattern
changed. Four major bands were still observed, but the com-
positions and locations had changed. The vppermost band was
composed of non-infected erythroceyte ghosts. The second band
contained mostly infected ghosts or pycnotic parasite forms.
The third fraction was a broad zone, composed of many (10 to
24) narrow red bands, containing 8. higemina-infected eryth-
rocytes in all developmental stages (rings, singles, pairs). The
last band, located some distance from the bottom, contained
non-infected erythroeytes (Fig. 2).

Density values, the average interphase values between the
fractions, for the discontinuous Percoli density gradients were
arrived at graphically (Figs. 1, 2). Each value presented is the
average of four individual determinations. The calculated av-
cerage densities for 8. higemina-infected erythrocytes containing
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Fig. 1. Density calibration curve and diagrammatic representation

of the separation of Rabesia bigemima culture material in iso-osmotic
68.46% Percoll alter centrifugation for 6 min.

pairs of parasites were between 1.076 to 1.089 g/ml and for
crythrocytes containing a single parasite between 1.092 to 1.100
g'ml. Figure 3 is a photomicrograph of concentrated B. hige-
miina-intected ervthroeytes.

Starch gel electrophoresis. Enzyme activity could be detected
for the four enzymes studied by the starch gel clectrophoresis
method. Five distinet zones of LDH activities were observed
when normal bovine serum was used. Three distincit LDH zones
were detected in normal bovine erythrocvte extracts and four
distinctzones in B. bigemina-intected erythroeyte extracts: how-
ever, the electrophoretic mobility of one zone of LDH activity
in infected extracts was different from that of normal erythrocyte
extracts or serum. Figure 4a is a schematic representation of the
migration pattern of LDH isoenzymes. No differences were de-
tected between the cloned parasites and the original strain.

The isoenzyme migration pattern of GPI was as follows. Bo-
vine serum and nermal erythrocyte extracts had two narrow
bands located toward the cathode while B. bigemina-infected
erythrocyte extracts had the two previously mentioned bands
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Fig. 2. Density calibration curve and diagrammatic representation

of the separation of Babesia higemina culture material in iso-osmotic
68.46% Percoll after centrifugation for 30 min.
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Fig. 3.
erythrocytes. Bar = | um.

Photomicrograph of concentrated Babesia bigemina-infected

plus a fast broader band oriented toward the anode. No differ-
ences were detected among the cloned parasites (Fig. 4b).

Only one band of 6-PGD activity was detected in both normal
and 8. bigemina-infected cerythroceyte extracts. This band had
the same clectrophoretic mobility (Fig. dc). No activity was
detected in normal serum.

The activity of GDH was detected only in extracts from 5.
higemina-infected erythrocytes (Fig. 4d). All of the cloned par-
asites had enzymes with the same clectrophoretic mobility.

DISCUSSION

Babesia bigemina-infected erythrocytes were  successfully
concentrated at least 20 times by Percoll 2nd Percoll-Renografin
density gradients. A report by Wright & Kerr (29), based on the
size of infected erythrocytes in splenectomized calves, claimed
that B. bigemina preferentially invades young erythrecytes, [t
is known that B. higemina-parasitized erythrocytes appear larg-
er than non-infected erythrocytes, have basophilic inclusions,
and tend to accumulate at the edges of thin smears, as do re-
ticulocytes or immature red blood cells, In this study, recorded
densities of infected cells were always smaller than those of non-
infected erythrocytes.

The density curve for separation of cellular elements in in-
fecred B. higemina cultures was based upon determinations made
in Percoll'gradients because the density beads do not separate
in the Percoll-Renografin density medium. Fractions containing
infected erythrocytes separated by the Percoll-Renografin pro-
cedure showed less non-infected cell contamination than those
separated in Percoll alone. The time clapsed after subculture
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Fig. 4. Schematic representation of the isoenzyme migration pat-
terns from bovine serum and normal and Babesia higemina-infected
erythroeytes. Open arcas = host origing shaded arcas = parasite origin.
Lanes: 1. normal bovine serum; 2. normal bovine ervthrocytes: 3, 8.
higemina —original isolate: 4, Clone H1-SE2; 5. Clone HI-KCTi( 10 6.
Clone TH-RFRFIC3.

Condiiions: LDH—Gel bufler; 65 mM " ris=22.2 mM citrate. pH 0.4;
Electrode buffer: 220 mM Tris=78.5 mM citrate, pH 6.2, 70 mA, 100
V. 14 h. GPI=Gel buffer: 1O mM Tris=HCEL pH 8.0; Electrode buffer:
SOmM Iris HOL pH 8.0, 60 mA, 300 V_ 4 h, 6-PGD—CGel bufler: 17.5
mM Tris—6.3 mM citrate, pH 6.2; Electrode bufler; 220 m*™ 1 tris-78.5
mM citrate, pH 6.0, 75 mA, 190 V, 4 h. GDH—Gel bulfer: 5.4 citrate—
32 mM Na, HPO,, pH 7.0; Electrode bufler: 13 mM citrate=155 mM
Na,HPO,, pl1 7.0, 75 mA. 60 V., 14 h.

also appeared o alleet separation. C ultures maintained less than
48 h or more than 72 h after a subculture usually yielded fewer
infected erythrocytes. The osmiotic pressure may also have an
cllect on separation patterns in Percoll-Renografin gradients.
Three enzymes— LDH, GPIL and GDH—appear to be of £,
higeming origin as visualized in starch gel clectrophoresis. Only
one band (isoenzyme) for cach of the enzymes was found to he
diflerent from other bands observed in normal bovine serum
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orerythrocytes. Momen (16) obtained similar results for Babesia
rodhaini. Momen ct al. (17) also reported similar findings with
four species of Bebesia from rodents, namely B, hyalomysei, BB.
microt, B. muratovi, and B, rodhaini. Momen (16) noted that
fatlure 1o detect a parasite-derived enzyme was not positive
prool that the enzyme was not present. It was possible that it
may have the same electrophoretic mobility as the enzyme of
the host cell and thus be masked or that the concentration was
well below the sensitivity of the assay. In the present study,
infected erythroeytes were concentrated. The 15-ul lysate sam-
ples contained the equivalent of 1 x 107 parasites. Also the
intensity of the reactions was indicative of the presence of the
enzymes indicated: however, 6-PGD activity was not detected
in any of the electrophoresis systems described in this study or
the alternate system mentioned by Carter (2). 1t is reasonable
to assume, in accord with the results preser’~d by Momen et
al. (17), that Babesia apparently lacks this enzyme.

Polymorphism of the parasite-specific enzymes in the cloned
parasites was not observed. Several conclusions could be drawn
from this observation. The parasites may not possess isoen-
symes for the enzymes studiced, for all of the clones studied were
from the same strain. An extension of the work would be o
cvaluate isolates from diflerent geographical arcas. The com-
parative studies by Momen et al. (17) showed that all enzymes
of parasite origin had different clectrophoretic mobilities for
cach parasite species. The bovine babesias have not been com-
pared. like the rodent babesias. Hoare (13) for instance, ques-
tioned the validity of the taxonomic separation between 5. bovis
and B. divergens, which are morphologically very similar. De-
tailed studies of the biochemical characteristics of cach species
might clarify this point. Electrophoretic studics of enzyme vari-
ants ol plasmodia in rodents (2) showed that polymorphism is
found in sceveral species.

Glutamate dehydrogenase (NADP-dependent) is present in
rodent and bovine Babesia. In this study, GDH staining was
shown to be parasite specific because mammalian red blood
cells lack this enzyme.

The results of this study will contribute to the knowledge base
concerning the biochemical characteristics of the bovine para-
site. Bubesia bigemina.
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SUMMARY

A strain of Babesia bigemina was
isolated from an infected calf and
propagated in vitro. Culture condi-
tions inciuded washing of infected
and normal bovine erythrocytes in a
special solution, and the use of a 5%
to 10% (v/v) erythrocyte suspension
in medium 199 (with 20% to 50
fresh normal bovine serum) at a
depth of 4 mm in a 5% CO,, 24 Q,,
93% N, atmosphere. After 36 days
in vitro and 9 subcultures, the cul-
tured organism was inoculated into
a susceptible calf. This calf devel-
oped clinieal signs of discase and re-
covered when treated with 1% trypan
blue solution. The strain was also re-
isolated from the second calf. The
original isolate had been main-
tained in continuous in vitro culti-
vation for more than 99 days.

Babesiosis, caused by protozoan
parasites Babesia bovis and B bi-
gemina, has impaired bovine live-
stock produetion in many tropical and
subtropical areas of the world. Long
term in vitro cultivation of B bouvis'"
and cloning of B bovis has been re-
ported.” In vitro cultivation of B bi-
gemina has long been a research
objective for the production of antj-
gens for serologic test procedures and
immunogens for discase prevention,
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Timms reported” that B bigemina was
successfully maintained in vitro for
96 hours using a method similar to
that of Trager and Jensen.® The ob-

Jective of the present work was to de-

vclop a procedure by which B
bigemina parasites can be propa-
gated continuously under in vitro
laboratory conditions.

Materials and Methods

Babesia bigemina strain—A frozen
stabilate of a Mexican isolate was inoc-
ulated into a splenectomized calf and
subpassed twice in similarly prepared
calves. Blood was collected (parasitemia
2.5, washed, apportioned into 1.5-m]
aliquots, and frozen in liquid nitrogen as
described by Palmer ot al®

Experimental animals—Two d4- to 5-
month-old Hereford-cross calves (A and
B) were purchased from a sale barn. Blood
samples were examined microscopically,
cultured, and found te be fine of Try-
panosoma spp. Serum samples were card
test-negative for antibodies to Ang-
plasma marginale. Bach calf was sple-
nectomized 2 to 3 wec, v before
inoculation and maintained in sereened
isolation stalls with feed, hay, and water
ad libitum. One 18-month-old intaet
Holstein steer, also negative for the
aforementioned diseases and main-
tained at the University of Missouri Vel-
erinary Medicine Research Farm, served
as the donor for rormal bovine rse and
normal serum throughout the experi-
ment.,

Original isolation—Animal inoculum
was prepared by quickly thawing five 1.5-
ml vials containing B bigemina-intected
blood and mixing immediately with 22.5
mi of sterile Vega y Martinez (VYM)
phusphate-buffered saline solution. The
VYM solution was composed of CaCl, -
2H,0 (16.0 mg), KCI (400.0 myg), KH,PO,
(1.415.4 mg), MgSO, - 7 1,0 (154 mg),
Na PO, - 7 H,0 (1,450.0 myg), NaCl
(7,077.0 mg), and dextrose (20.5 glin 1
L of double-distilled deionized water
containing 0.25 mM of adenine and 0.50
mM of guanosine. This solution was sup-

plemented with penicillin (100 1U/m),
streptomycin (100 pg/ml), and ampho-
tericin B (0.250 wg/ml™) and was filtered.
Calf A was inoculated with 15.0 m] of
inoculum 1v and 15.0 ml subcutaneously
on day 0. Ear vein blood samples were
collected every 24 hours and rectal tem-
perature was recorded. The rev was de-
termined by the microhematoerit method.
Parasite development was monitored by
microscopie observation of Giemsa-
stained blood smears prepared daily.
Levels of infection were expressed as the
percentage of parasitized erythrocytes
(PP, On postinoculation day (P1y) 5 when
PPE was 0.20 and increasing, 35.0 ml of
blood was aseptically collected from the

Jjugular vein into sterile evaeuated glass

tubes containing heparin (5 to 10 [U/m]
of blood) as the anticoagulant. Blood was
washed 3 times by centrifugation at 1,000
¥ g for 15 minutes at 4 C. Supernatant
and buffy coat, including one-third of the
top rie layer, were discarded after each
washing. Babesia bigemina-infected rpc
were gently resuspended in VYM solu-
tion after each wash.

Preliminary studies had indicated that
B bigemina-infected blood collected by
defibrination with glass beads hemo-
lyzed rapidly and contained fewer in-
feeted rBe. The use of heparin as an
anticoagulant prevented hemolysis and
increased the yield of infeeted rise. How-
ever, extensive washing was necessary
v remove the wie in heparin-collected
blood. The detrimental effeet of contam-
mating Whe in the establishment of par-
asite cultures was reported by Timms.”

Normal venous blood was aseptically
collected into a sterile flask while shak-
ing over the contained glass beads. The
defibrinated blood was then centrifuged
at 1,500 x g for 15 minutes at 4 C. Su-
pernatant serum was recovered, distrib-
uted into sterile, disposable 15.0-ml
plastic tubes in 5.0-ml aliquots, and im-
mediately placed at —4G C until use. This
material was designated as frozen fresh
normal bovine serum (LFs), Buffy coat
cells were then carefully removed, and
the remaining normal ke were washed
twice with VYM solution at 1,000 x g
for 15 minutes at 4 C and resuspended

* Gibeo Laboratories, Grand Island, NY.
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Fig 1—The rcv and rectal temperalure changes in calf B inoculated with in vitro-grown B bigemina and challenge exposed with in vitro-grown B bovis.
PID O inoculated with 1.5 ~ 108 B bigemina organisins produced after 36 days in cuiture; rio 4: blood sample for reisolation («); PID 5 and 7: treatment
with 1% trypan blue solution (V). PiD 28: challenge exposed with 1.5 108 B bovis organisms grown in vitro ({}); days B bigemina were observed in
Giemsa-slained blood sinears (-« ); days B bovis were observed in Giemsa-stained blood smears ('),

TABLE 1—Original isolation: Babesia bigemina growth in vitro using six different culture media under different atmospheric environments (I-VI1)

PPE-——PID

Atmosphere Media 1 2t 3 i 5 6 7 8 9 10 11
12 0.163 0.013 0.010 0.Cc." 0.000 Neg RN S ce e .
199-11158 0.170 .101 0.107 0.016 0.029 0.043 .110 0.105 0.035 0.017 0.014
I MEM-EBSS 0.248 0.121 0.148 0.038 0.040 0017 0.028 0.011 0.112 0.156 0.295
RPMI 1640 0.099 0.051 0.015 0.061 0.000 0.008 0.009 0.008 0.033 0.01€ 0.088
L-15 0.042 0.000 Neg o
199-EBss 0.037 0.004 0.000 Ney
F-12 0.200 0 087 0.024 0.029 0.008 0.033 (L0300 0.047 0.099 0.098 0.028
199-1B88 0.405 O.145 0.069 0.050 0.051 0.033 0.108 0.313 0.616 0.812 1.208
1 MEM-EBSS 0.535 0.192 0.163 0.207 0.065 0.045 0.030 0.024 0.178 0.132 0.379
RPMI 1640 0.121 0.035 (.215 0.070 0.048 0.043 0.025 0.032 0.200 0.177 0.392
L-15 0.015 0.000 Neyy
199153 0.008 0.000 Neg |
12 0.090 0.016 0.010 0.014 0.000 Ney
199-1inss 0.054 0.009 0.005 0.000 Neg Ce e
I MEM EHRSS 0.130 0.175 0.100 0.077 0.026 0.000 Neg
RPMI 1640 0.162 0.059 0.020 0.024 0.028 0.000 Ney
L-15 0.040 0.000 Neg R . o .
199-Ens5 0.014 0.000 Neg
F-12 0.038 0.046 0.012 Neg
199-unss 0.010 0.000 Neg S
v MEM-ERSS 0.163 0.096 0.019 Neg |
RPMI 1640 0.104 0.067 0.000 Neg * te e
L-15 0.000 Neg o .
199-£88s 0.000 Neg . S
12 0.302 0.152 0.011 Neg
199-1nss 0.136 0.010 0.000 Neg
v MEM.EBSS 0.011 0.013 0.000 Neg
RPMI 1640 0.102 0.013 0.018 Neg ' © the
L-15 0.040 0.000 Neg -
199-£1s8 0.000 0.010 0.000 Neg
F-12 0.028 0.000 Nep
199-1inss 0.151 0.000 Neg
vl MEM-EBSS 0.000 Neg .
RPMI 1640 0.000 Neg e
L-15 0.014 0.000  Neg
199-1nss 0.015 0.000 Neg

* rip 0: peE 0.051; 50% BFS in medium; pH 6.85 to 6.95; 5% ruc concentration; 4-mm depth; temperature, 37 = 0.1 C. + po 2 and 7 addition of a 2.5% normal Ruc
suspension. § #Ib 4 and 9: subcultures 1:2 with a 7.5% normal RBC suspension.
. = nodata; Neg = negative.
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TABLE 2—Effect of four related media on B bigemina gowth in vitro

L pin® _

Media 1 2 oo ! i 5 6
199-1nss 0.537 1.073 0114 1520 1021
MEM HBSS 0.335 1.106 04900 0271 0363 0.735
199- 1158 0.236 0.035 0747 1.:208 1.331
MEN EBSS O3S 0.734 HhTH2 07l . u__smz

L ¢ ke concentration: depth.,

S0 0078 prEs endture setting: 405 wes o medium; pll 6 85 (0 6,95,
Subculture by

4 mmg temperature, 37 < 01 C,and atmosphere 1115 COLL20 0,93 No i 3
dilution 1:10.
The data are expressed as the average g of duplicate cultures

TABL_E 3—Eﬂec(_31 different se_rgr_jl__(;ggcentrvzil»ig‘qggr_ygpl_genygg"g*roﬂlh_ in vitro

Seruim [RRCENTITE o
A 1 2 3 -4 N 6
50 0.231 1321 0TS (L11AN [{RN3I 11858
30 0336 1475 0655 0134 1.750 1.641
20 0.169 0980 0944 0108 0.774 1254

i 0068 0.0:30 1020 0 00 0010 0.007
[§] 000K (000 0008 0.000 0.400 0.000

TP 0
depth: temperature, 37
ditution 1-20

0126 peks medium 199-kpss with NaHCO L pll 655 1o 6.95; 104 e concentration; 4-mm
B 1 Coand atmosphere 1055 CO 200 0, 934 NP g

Subculture by

The datie are expressed as the average ek of duplicate cultures

TABLE 4--Reisolation: In vitro growth of 8 bigemina from calf B, previously inoculated with in

vitro-grown 8

rn

4 H 6 7

0484 (.289 0.755

0407 0.271 1105 1.468

* Culture sot with 107 rse in medium 199-g0ss with NaHCO, with 309 wes; pH 6.85 to 6.95; depth, 4

mm; temperature, 37
on pib

in VYM to a final 30% to 50% concen-
tration for storage at 4 C until used (usu-
ally within 3 to 4 days).

Culture media were prepared daily by
mixing 1 volume of quickly thawed Brs
with 1 volume of cach of the following
commercially available media: Ham's
nutrient mixture 1-12 (1°-12)"; medium
199 with Hanks's balanced salt solution
{199-1B55); minimum essential medium
with Edrle’s balanced salt soluGon (zea-
Eussi RPMI 1640 medium®”; Leibovitz,
medium (L-15) and medium 199 with
EBsS (199-1855)." All media preparations

contained NaHCO, with the exception of

L-15 and 199-EBss. In each case, the pl
was adjusted (6.85 to 6.95), using 0.1N
HCL Serum-supplemented media were
sterilized by passage through a 0.22-pm
cellulose filter, and used within 2 hours.
Antibioties were not added to any cul-
ture media used in the experiments,
Normal or infected rie suspensions were
prepared at 5% concentration (viv) hy
mixing 1 part of sedimented erythro-
cytes, previously centrifuged at 1,000 =
g for 10 minutes at 4 C, with 19 parts in
each of the serum-supnlemented media,
One part of a 5% infected rBC suspension
was mixed with 3 parts of the 5% (vivi
normal RBC suspension for a final 1:4 di-
lution of infected/normal ruc suspension

with 5% (v/v) concentration for cach of

the 6 media used. Sterile, disposable 24-

* KC Biological Inc, Lenexa, Kan.,
¢ MA Bioproducts, Walkersville, Md.
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< 01 Cratmosphere 5% Co,

200 935% N Subeultures: 14 on pin 2 and 1:10

well (16 mm D) tissue-culture eluster
plates’ were used throughout the exper-
iments. Top and bottom (A and D) rows

in the plates were filled with 1.5 ml of

stertle tap water to prevent excessive
evaporation. The final infected normal
RBC suspensions with a vee of 0.05 were
distributed in volumes of 805 pliwell (4-
mm depth) in duplicate sells. Each plate
then contained duplicates of cach of the
6 media preparations. Plates were in-
cubated at 37 ~ 0.1 C in humidified
chambers that had 1 of the following at-
mospheric conditions: 10 CO,, 104 1,
and 80% N, (1; 5% CO,, 24 0, and 93
N, (Il 6.4% CO,. 5.6% O,, and 88 N.
UID; 5.6¢% CO,, 13.65% O,. and 80.8% N,
(VY 5% CO. in air (V) and normal air
(V. Spent medium was collected in vol-
umes of 600 pl/well and replaced with
freshly prepared 504 serum-supple-
mented media at 24-hou - intervals. Cul-
ture sumples (3 to 5 pb) were obtained
daily at the time of medium exchange
and Giemsa-stained blood smears were
prepared for microscopic observation. A
2.5% suspension of normal ruC in each
medium was added at 48 and 168 hours
after initiation of cultures. Cultures, in
which the parasites were found, were
subcultured on day 4 by diluting 1:2 with
@ 7.5% (viv) narmal rie suspension in
the corresponding medium and trans-
ferred to separate plates under the ap-
propriate atmospheric conditions. A 2nd

4 Costar, Cambridge, Mass.,

TABLE 5—Reaction titer of specific B bigemina
and B bovis serum samples 1o homologous and
heterologous in vitro produced Babesia anti-
gens

, Antigens
i
Sira £ higenina 13 bovis
Negative control 1:20 1:20
B bhigemina 1:5,120 1:80

1 botvts 180 - 1:10, 240

subculture was carried out on day 9 hy
diluting 1:2 with a 7.5% (v/v) normal gic
suspension. The criteria for parasite
growth in culture was u steady increase
in the pereentage of infected erythro-
cvtes. When parasite development was
considered established, a 3rd subculture
was performed by a 1:10 dilution with a
10 (v'vi normal rBe suspension in
corresponding medium. This B bigemina
strain was then maintained eontinu-
ouslv in vitro.

Media experiment—After original iso-
lation was proven to be successful under
1 of the chosen atmospheric environ-
ments, the following closely related me-
dia were compared: medium 199-gBss,
199-1B55," MEM-EBSS,” and MEM.11BSS."
These media contained 2.2 ¢, 1.4 g, 2.2
g, and 0.35 g of NallCO,/L, respectively.
Forty pereent concentrations of BFS in
cach medium were prepared, pH ad-

Justed (6.85 to 6.95), and filtered through

a 0.22-um membrane. A 104 concentra-
tion (v/v) of infected kise and nermal rie,
with a per of 0.178 was prepared. using
ciich medium tested. Duplicate cultures
were set with 805-pl volume/well and in-
cubated at 37 + 0.1 C under a low oxy-
gen atmosphere (5% CO,, 2% 0,, 93%
N, Spent medium (600 ) was removed
from cach well and replaced with fresh
medium at 24-hour intervals. Subeul-
tures were done at 72 hours by pooling
the contents of culture wells with each
medium treatment, and dituting 1:10
with normal rBe in fresh medium at a
10% (v/v) concentration. Blood smears
were prepared daily and stained by the
Giemsa method to observe the parasite
and monitor its growth. The experiment
was concluded after 6 days of cultiva-
tion.

Serum requirement experiment—After
I medium was selected through the pre-
vious study, an experiment was con-
ducted to observe the effect of different
serum concentrations. Ten percent (v/v)
infected/mormal ke suspensions with a
PPE of 0.126 were prepared in medium
199-r:885 with NalHCO, containing 50%,
35%, 20%, 5%, and 0% serum. Cultures
were set in duplicates with 805 pl/well
volumes and ineubated at 37 + 0.1 C
under atmosphere 11 (5% CO,, 2% O,, 93%
N,). Spent medium was removed from
cach well and replaced daily. Subcul-
tures were made at 72 hours by pooling
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duplicate cultures and diluting 1:20 with
a 10% (v/v) normal RBC suspension pre-
pared with the respective serum coneen-
tration. Giemsa-stained blood smears
were prepared daily. and observed mi-
croscopically to evaluate parasite growth.
The experiment was terminated after 6
days,

Animal tnoculation with material from
cell culture—On day 29, after initiation
of in vitro cultivation, several culture

wells were pooled to obtain a volume of

2.5 ml, mixed with 22.5 ml of a 10% (v
vi normal Rie suspension in medium 199-
vess with NaHCO, supplemented with
35% Brs and 10.0 ml transferred to a 15.0-
m! plastic flusk (25 em” surface) to pre-
pare the inoculum. On day 0, ealf B was
inoculated 1v with 12.5 ml of blood con-
tuining 1.5 x 10" B bigemina parasites
produced after 36 days in vitro. Rectal
temperature and rev were recorded daily.
Giemsa-stained blood smears were also
prepared and observed cuach day. Serum
samples were collected on rin 0, 7, 28,
and 235, After elinieal signs of the discase
were observed, the animal was treated
(v injection) on Pin 5 and 7 with a 1.0%
trypan blue sterile solution in normal
(0.75% NaCi) saline solution at a dosage
of 1.0 mlikg of body weight.

Reisolation—On pip 4, 40 ml of blood
from calf B were aseptically obtained by
jugular venipuncture and collected into
sterile, evacuated, heparin-containing
glass tubes. The infected blood, with a
1.476 1re, was eentrifuged at 1,000 ~ g
for 15 minutes at 4 C and the superna-

tant, buffy coat, and the upper layer of

sedimented erythrocytes were discarded.
The original velume was restored using
VYM solution. Remaining ric were sub-
sequently washed twice under the same
conditions, removing supernatant and
uppermost RBe layers each time. Eryth-
rocytes were mixed 1:2 with fresh nor-
mal ke collected as previousty deseribed
and resuspended to a final 7.5% (viv)
concentration in medium 199-knss with
NaHCO, supplemented with 304 prs.
Cultures were set in duplicate as 805 pl
volumes/well and incubated at 37 + 0.1
C under atmosphere 11 (5% CO,, 2% O,
93% N.). Spent medium was replaced at
24-hour intervals. Parasite development
was monitored by Giemsa-stained blood
smears prepared daily for microseopic
observation. Subcultures were made as
a 1:4 dilution at 48 and 1:10 dilution at
96 hours using 10% (v/v) normal rEC in
freshly prepared serum-supplemented
medium,

Challenge exposure-—Calf B, which had
been given the in vitro cultivated B bi-
gemina parasites 28 days earlier, was
challenge exposed 1v with 1.5 x 10* cul-
tured B bovis parasites. Rectal temper-
ature was monitored, and blood samples

February 1985

TABLE 6—Summary ot B bigemina growth in in vitro erythrocyte cultures from original

isolation on day 0 untii day 102

RS

Dilution
Day Subeulture taccumulative) Initial Final
0i .. 250 w10 ! n.051 0.050
[t ) 625 = 10 * 0.308 1.208
148 4 6.25 » 10 ! 0.178 0.747
23] 7 312 10 7 0.126 0.949
264 8 1.56 ~ 10 " 0.047 1.653
35 11 1Y% w10 = 0.0:31 1.307
53 17 195 ~ 10 ™ 0.095 1.942
68 22 1.95 » 10 % 0.092 1.186
83 27 488 - 10 0103 1.026
99 33 488 > 10" 0.164 1.393

* Average ree of duplicate cultures. Fein 0 - original isolation: eculture medium 199-HBss,

S0% wrs; 5% rie concentration; 4-mm depth: 37 -

0.1 C; and atmosphere 11154 CO,, 2¢

02 93% Ny) 1o 11 culture line started by subeulture at a 1:10 dilution; 10 rue concen-
tration. § pin L4 culture medium changed to 199-knss; 4005 s, P 28 209 nes, € pimn 29:

culture expanded for animal inoculation.

for rev and rek determinations were col-
lected daily,

Indirect fluorescent antibody (1FA)
test—Antigens were prepared separately
from cultured B bovis and B bigemina,
Infected blood was washed 3 times with
sterile saline solution (0.75% NaCl) at
1,000 > g for 15 minutes at 4 C and
resuspended to a 50% (v/v) concentration
in saline solution with 1.5% bovine al-
bumin. Thin smears made with these
suspensions were wrapped in tissue pa-
per and immediately stored at - 70 C
until use. Serial 2-fold dilutions of pos-
itive and negative sera were made with
an initial 1:5 dilution in phosphate-buff-
ered saline solution (pH 7.4). The test
was carried out as previously described,
except that antigens were fixed in ace-
tone for 3¢ minutes; the slides were in-
cubated at 37 C for 30 minutes.

Results

Original isolation—Babesia bi-
gemina parasites were first identi-
fied in Giemsa-stained blood smears
from calf A on PID 4. Parasite num-

bers increased ¢+ ~ maximum PPE of

0.583 on PIiD 7 anu slowly decreased
to 0.229 on rin 14, when the calf be-
ame moribund and was euthana-
tized. The prcv decreased from 339
(PIb 0) to 18% (rIp 14). Tempera-
tures = 40.0 C were recorded on PID
2, 3, 13, and 14. Hemoglobinuria was
observed intermittently from prip 7
to 14.

Only 3 media (199-HBSS, MEM-EBSS,
and RPMI 1640) of the 6 used in the
original isolation procedure sup-
ported parasite growth under low
oxygen atmospheres I and II. Higher
oxygen atmospheres (II, IV, V, and
VD) were detrimental to parasite
growth (Table 1). Parasites disap-
peared rapidly in cultures set in me-
dia L-15 and 199-£Bss, which lacked

NaHCO,. Cultures set in serum sup-
plemented medium 199-H4Bss in at-
mosphere II reached pre values of >
1.0% before others. By rIp 12, cul-
tures set in MEM-EBSS and RPMI 1640
medium in atmosphere II had reached
PPE that were indicative of growth
(0.723 and 1.108 prL, respectively).
Parasite morphologic features in
successful cultures were mostly in-
distinguishable from forms found in
B bigemina-infected animals. Sub-
sequent parasite development was
continuously maintained by subcul-
tures because the addition of fresh
normal RBC enhanced parasite
growth. Infected erythrocvtes with
parasite pairs were proportionally
more abundant at 24 hours after
subculture, regardless of the initial
PPE; ring forms were more numerous
at 72 hours. In cultures kept for
longer periods without subculture,
the rpe decreased with the intracor-
puscular forms rounding up and be-
coming aberrant and degenerative
(pvknotic).

Media experiment—All 4 media
tested were able to sustain parasite
growth under specified conditions
(Table 2); however, medium 199-EBss
supported higher parasitemias than
did 199-H8Ss and it was therefore se-
lected. Sodium bicarbonate was added
to all subsequent media prepara-
tions.

Serum requirement experiment—
Concentrations of fresh serum of 20%
or higher seemed to be required to
sustain growth. Parasite morpho-
logic features appeared normal in
cultures with 5% or more serum (Ta-
ble 3).

Animal inoculation with material
from cell culture—In vitro grown B
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bigemina retained its infectivity for
cattle (Fig 1). Parasites were first
noticed in biood smears 24 hours after
inoculation of cultured material and
PPE peaked at 1.476 on Pip 4, On pin
5, calf B became severely ill, its tem-
perature was 40.4 C and the rev was
22%, which corresponded to a 50¢
reduction of the original 44% on day
0. Hemolytie erises had occurred
overnight on rib 2 through 5, but
hemoglobinuria was not observed
until Pib 4. Treatment with trypan
blue solution was effective, because
the parasites transiently disap-
peared from the peripheral blood and
Pev o vatues stabilized. Calf B had
chimically recovered by day 26 with
a pevool 319, but remained a pos-
itive carrier for the rest of the ex-
periment.,

Retsolation—Babesia bigemina was
successfully recovered from the pe-
ripheral blood of calf B at the time
of clinical illness. Parasite cultures
were initiated with 0.736 pie on ri
0 and increased to more than 1.0 ppi
by PIb 6 (Table 4.

Challenge exposure—Calf B was
challenge exposed with B bovis after
clinical recoverv from B bigeniina
infection (IFig 1). Decreases in pey
were not noted. Morphologically dis-
tinet B bovis infected RBC were de-
tected in Giemsa-stained peripheral
blood smears 5 days after challenge
exposure. Neither hemolytic crises
nor hemoglobinuria were observed.
However, calf B had typical clinical
signs of CNs damage, such as ineoor-
dination and paddling, by day 8 after
challenge exposure when calf B died.

The IFA test—Specific positive sera

did not cross-react at a dilution =

1:80 when tested against heterolo-
gous antigens (Table 5).

Discussion

This report presents evidence of the
continuous in vitro cultivation of B
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bigemina (Table 6). The use of VYM
solution for the washing and storage
of infected and normal ke was ben-
eficial for the establishment of par-
asite cultures. De-Verdier ot al
reported” the favorable effect of cit-
rate-phosphate-dextrose supple-
mented with adenine-guanesine on
the stability of human blood stored
at 4 C. Such treatment promoted
higher levels of nucleotide triphos-
phates within the rBe and was as-
sumed to provide a reserve of energy-
rich compounds. Whether this same
effect occurred with respect to the
bovine ric, the parasite, or both is
not elear. The present system still
may not be optimal, because the ppp
rarely becomes > 3.0. One possible
explanation may relate to limited
availability of key nutrients or erit-
ical changes in pfl. An illustration
of + haeritical effect was indicated
by the successful parasite reisola-
tien from calf B, as opposed to the

original isolation attempt from calf

A, using the same culture medium
199-£8ss, with and without Na-
HCO,, respectively.

The results of this study on the
comparison of the effects of various
atmosplieres on the in vitro culti-
vation of B bigemine emphasized its
microacrophilic nature, The best at-
mosphere was 5% CO.,, 2% 0., and
93% N,. Rodriguez et al” reported a
similar nbservation when a para-
sitemia of -2 0.19% was used to estab-
lish i1 vitro cultures of B houvts, a
closely related organism.

The established process does not
alter the infectivity of B bigemina
for the bovine host, as illustrated by
the inoculation of calf B. The organ-
ism was isoiated in pure culture in
vitro, inoculated into a susceptible
animal, the disease was reproduced,
and the organism was reisolated in
pure culture. The definitive identity
of the parasite as B bigemina was
substantiated by the results of the
challenge study and 1ra test results;
the 1A observation basi ally agreed
with the data reported by Leeflang

and Perie."" Immunogenically, the
cultured parasite did not elicit pro-
tection against challenge exposure
with B bovis. This result was a con-
firmation of the absence of cross pro-
tection between B bigemina and B
bovls, as reported by Smith et a].!

Tr.e in vitro procedure of the pres-
ent study can be used to produce spe-
cific antigen for serology and has the
potential of contributing to the pro-
duction of specific immunogens. In
addition, in vitro cultivation can be
used to study the life cycle, physio-
logie processes, and biochemistry of
the parasite.
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