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" INTRODUCTION

A. Statement of Problem

Members of the protozoan genus Giardia are obligate parasites of
birds, fish, reptiles, amphibia and mammals (1). The organism exists
either in a dormant, resistant cyst form or in a motile trophozoite form.
The pear-shaped trophozoite has four pairs of flagella, two morphologically
similar nuclei and an adhesive disc with which it attaches to the epi-
thelial wall of the small intestine (2,3,4), its domain in the host. The
trophozoite can differentiate to the cyst form which is excreted with
host feces. The life cycle is completed when excreted cysts are ingested
by a new host in whose small intestine excystation takes place. Each
cyst yields two trophozoites which proceed to divide by binary fission,
and thus colonize the host intestine.

The incidence of this flagellate in man varies from 2 to 25% depend-
ing upon the locale (5); 7% of people in the U. S! were estimated to be
parasitized in 1948 (6). Most people who harbor the organism express no
clinical symptoms (2,6,7), although some minor intestinal damage mav be
occurring (4). Intestinal disease caused by Giardia is characterized
by steatorrhea, weight loss and epigastric pain; malabsorption may also
occur (3,8). Treatment with either atabrine or metronidazole usually
results in prompt disappearance of symptoms and organisms (3,8).

In 1960 Karapetyan reported culturing Giardia from man for 7 months
(9). The culture was initiated with chicken fibroblasts and Candida

gulliermondii, but for continued growth of the flagellate only the

Candida had to remain in the system. In 1962 the same worker reported



culturing Giardia from the rabbit for 5 months (10); in this case viable

Saccharomyces cerevisiae was necessary. Meyer and Pope reported growing

the parasite from the rabbit and chinchilla in mixed culture with S.
cerevisiae (1), and Meyer has recently reported axenic culture of these
two and a third Giardia from the cat (11). A1l three types of the pro-
tozoan are currently being grown in a medium composed of Hanks' balanced
salt solution, the tissue culture medium NCTC-135 (see appendix), reducing
agents, antibiotics, yeast extract and human serum.

The purpose of this work was to determine the contribution of human
serum to the in vitro growth of Giardia originally isolated from the
rabbit.

There were two main reasons for this endeavor:

. 1. A step toward a chemically defined growth medium.
Large variations in growth and metabolism can occur in other

cultured cells with only small changes in medium components (12,13,

14 for example). In the growth medium for Giardia small changes in

the serum constituent from one pool to the next may well occur and

may result in differences in the metabolic behavior of the organism.

Further, the complete nutritional requirements of the protozoan can

only be determined in defined medium.

2. Relation to the jg_gjgg;situation.

Early experiments described in the Results section showed that
the serum components responsible for Giardia growth were not
dialyzable. This implicates macromolecules or substances closely

associated with macromolecules. Since certain proteins found in



serum are also found in the small intestine (15) the possibility of

- the parasite utilizing them in vivo is real.

Survey of the Literature
1. Use of serum in culture media.

Serum is part of the growth supporting medium for many different
kinds of in vitro life. Frequently, it is the only undefined consti-
tuent of growth medium for mammalian cell culture (16,17,18 for
example). It is also part of the medium supporting the growth of
several different pathogenic bacteria (19,20,21), and many of the
parasitic protozoa and worms (22). The intestinal parasites,
especially the protozoa, are of most interest here.

The human intestinal tapeworm Hvmenolepis nana was grown in vitro
from the hatched egg or cysticercoid larva stage to the eqg-producing
adult stage in a complex medium containing horse serum (23). Ascaris
suum, a roundworm found in the intestine of the pig, was cultured
through several larval stages in a medium in which pig serum was the
only undefined constituent (24). The intestinal protozoa Entameba

histolytica of man, Trichomonas hominis of man and Balantidium coli

of the pig have all been cultured in serum-containing media
(25,26,27 respectively).
2. Nature of serum.

Serum is composed of many different structural and functional
entities: lipoproteins, glycoproteins, enzymes and hormones, trans-

porting substances, antibodies and enzyme inhibitors, as well as



molecules of unknown structure and function. A complex mixture like
this can function any of many different ways in a growth supporting
medium. Some of these different ways are discussed in section 3; and
some of the serum components responsible for growth are discussed
in section 4.
3. Effects of serum.

a. Metabolic effects.

A common function ascribed to serum in mammalian cell culture
has been that of ihitiating DNA synthesis (28,29,30,31,32,33).
Cells transformed by virus, however, can initiate DNA synthesis
in the absence of serum, but cannot undergo mitosis without it
(30,31). So, serum is involved with the DNA-synthetic and
mitotic aspects of division in mammalian cell culture éystems.

There are substances in serum, however, which can inhibit
cell division. Human lymphocyte transforpation, a process which
includes cell division, stimulated by specific antigen or phyto-
hemagglutinin (PHA) can be inhibited by an alpha globulin iso-
lated from human serum (34). A strain of ameba of the genus
Acanthameba was stimulated to divide by addition of PHA to its
growth medium. Ouchterlony double diffusion evidence suggests
that there are mitotic inhibitors in the amebal growth medium
which are bound and inactivated by PHA, and that these inhibitors

are also present in serum (35).



Serum has been shown to stimulate acid phosphatase activity
(36) and delay poliovirus infection (37) in HelLa cells; induce
cholesterol excretion (38) and depress 1ipid synthesis {39) in
mouse L cells; stimulate amino acid and sulfate ion uptake in
cultured chick cartilage (40); and reverse hydrocortisone-induced
inhibition of glucose utilization in organ culture of chick
duodenum (41).

In the late 1950's a "protein flattening factor" was shown
to be present in serum (42,43). This factor was responsible for
causing mammalian cells to attach to the glass surface of culture
dishes. If the cells did not attach, they did not grow. Holmes,
more recently, has suggested that serum not only induces cells
to stick to culture dish surfaces, but also to each other (44),

b. Immunochemical effects.

Leoptospira pomona, group A streptococci, Trypanosoma theilerei

and Trichomonas vaginalis all have been shown to produce certain

antigens when grown in medium with serum which they did not
produce when grown in medium without serum (45,46,47,48
respectively). Even though the trichomonads, which were grown in
medium with horse serum, were washed 10 times they still elicited
a large antibody response (in rabbits) in common with horse serum
itself (48). Extensive washing of serum-grown trypanosomes was

also ineffective in removing antigens common with serum (47).
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Components of serum contributing to growth.
a. Macromolecules

Albumin has been identified as part of the contribution of
serum to the growth of several mammalian tissue culture systems
including Chinese hamster cells (42}, mouse L cells (49), human
HeLa cells (50), and monkey heart (50) and kidney (51) cells.
Albumin has also been shown to contribute to the growth of

Leptospira pomona (21), Rickettsia quintana (52), Bordetella

pertussis (53) and several species of the flagellated protozoan

parasite Trichomonas (54).

It is possible to use the iron-binding protein transferrin
in place of whole serum for induction of DNA synthesis in mouse
spleen cell culture (32).

An alpha-1 protein, isolated from human serum, fep]aces
serum in support of continued growth of human HelLa, conjunctiva
and heart cells (44). The alpha protein fetuin was necessary for
growth of several kinds of mammalian cells (42,43,55). Cohn
fraction IV, an ethanol-precipitated alpha protein-containing

fraction of serum has been implicated in the growth of the

spirochaete Treponema dentium (56).
Gamma globulin was selectively engulfed and degraded from

the growth medium by Entameba histolytica (57). Cohn fraction

II stimulated mouse 3T3 cells to initiate DNA synthesis. Cohn
fraction II includes the gamma globulins; and that portion of

serum that stimulated cell growth traveled with 7S gamma globulin



in a G-200 Sephadex‘column. However, agammaglobulinemic serum
also stimulated DNA synthesis. So, a substance with properties
similar to gamma globulin but not gamma globulin was responsi-
ble for stimulation of DHA synthesis in cultured mouse 3T3
cells (28).

The protein hormone insulin has been shown to be part of the
serum contribution to growth in two different mammalian cell
culture systems (18,31). Holley and Kiernan have reported that
commercial preparétions of either thyrotropic hormone or chorionic
gonadotropin can replace serum for support of growth of mouse
373 cells in culture (58). However, the activity was due to a
contaminant of the preparations which was in the molecular weight
range of 100,000 daltons. The growth supporting activity of the
factor was destroyed by pronase treatment. The active portion of
serum was also approgimaté1y 100,000 daltons, and it too was
susceptible to destruction by the proteolytic enzyme pronase (58).

In two other mammalian tissue culture systems proteolytic
enzymes themselves can substitute for serum in stimulating the
initiation of DNA synthesis (33,59). Trypsin and pronase were
used in very low concentrations in both cases.

b. Low molecular weigﬁt substances.
Cholesterol has been shown to be part of the serum contribu-

tion to the growth of HelLa cells (60), Entameba histolytica (61),

several species of Trichomonas (54), Treponema pallidum (62),

Mycoplasma strain Y (63) and Histomonas meleagridis (64) a
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flagellated protozodn which causes liver disease in turkeys.

Tween 80, a mixture which includes oleic, palmitic, myristic
and linoleic acids, was used along with cholesterol for the
growth of T. pallidum (62) and the trichomonads (54): palmitic
acid was used in the H. meleagridis system (64).

A synthetic triglyceride with palmitic and oleic acids was
not only a source of fatty acids for Mycoplasma strain Y, but was
also necessary for dispersing cholesterol in the growth medium
(63). |

Particular fatty acids without cholesterol have been identi-
fied as part of the serum contribution to growth of several

culture systems. Leptospira pomona (65) and monkey kidney cells

(51) grew in medium supplemented with oleic acid; Hexamita

inflata (14) and Chinese hamster cells (66) grew in medium

supplemented with linoleic acid; and Plasmodium knowlesi (67)

and the hemoflagellate Trypanosoma cruzi (68) grew in medium

supplemented with stearic acid. H. inflata could also grow on
oleic, stearic or linolenic acids, but linoleic acid gave the
best growth (14).
Methods of isolating growth promoting serum fractions.
a. Examples in tissue culture systems.

1. Fischer, Puck and Sato grew Hela cél]s in a mixture of
amino acids, vitamins, salts, glucose and serum (60). It was
found that sera from different animals, although all supporting

growth, did so in different degrees. The most striking difference



was between foetal calf serum and calf serum; the former was 10
times as effective as the latter. A major difference between
the two sera was known to be in the quantity of the alpha protein
fetuin; foetal calf serum has more than calf serum. Fetuin was
isolated from foetal calf serum by ammonium sulfate precipita-
tion, and along with albumin could replace serum (42). Subse-
quently, a new growth medium was developed consisting of amino
acids, choline, hypoxanthine, inositol, folic acid, B vitamins,
salts, glucose and the two proteins fetuin and albumin (55).

At this point the work was continued by Ham who grew
Chinese hamster (CHD-3) cells in the medium described above (69).
Ham first titrated all of the components of this medium for
ability to support optimal growth (69). Then, with the know-
ledge that albumin binds fatty acids Ham first replaced it
successfully with corn oil and then with linoleic acid (66).
The fetuin component was replaced with a number of natural pro-
ducts including chick or beef embryo extracts; blood, yeast,
lactalbumin or liver hydrolysates; or a digest of ox liver -
none of these mixtures contained fetuin. Continuing with the ox
liver digest, Ham found that the growth promoting activity was
absorbed by Dowex 50 reéin, but not by Dowex 1. This suggested
to him an amine with no acidic groups. Air was bubbled through
an alkaline solution of the ox liver digest and then through an
acid trap. The growth promoting activity was found in the acid

trap; this gave more support to the idea that the component was
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an amine., Spermine, putrescine or spermidine could replace ox
liver digest which had replaced fetuin (70). Finally, each of
the components of the now completely defined medium was titrated
for its ability to support optimal growth of the CHD-3 cells
(71}.

2. Holmes layered human serum onto a column of glass micro-
beads that had been conditioned with NaOH. Serum fractions were
elaborated from the column by elution with water and solutions
of NaHCO3, and KHC03. Growth promoting activity was found in a
single fraction. The fraction was dialyzed and all of the activity
remained in the retentate. Acrylamide gel discontinuous electro-
phoresis of the fraction showed it to be homogeneous. Human
HelLa, conjunctiva and heart cells grew as well in culture on
this fraction as they did on whole serum (44).

3. Frank produced a fraction from foetal calf serum accord-
ing to the following protocol: ammonium sulfate precipitation,
carboxy methyl cellulose and hydroxyapatite column chromatography,
ammonium sulfate precipitation, and Pevikon electrophoresis.

This fraction was just as effective as whole serum in stimulating
DNA synthesis in cultured embryonic rat cells (29).
b. Example in a bacter%a? culture system.

Leptospira pomona was grown in a medium containing only 10%

rabbit serum in phosphate buffer. Dialysis and 50% ammonium
sulfate precipitation of the serum elaborated three fractions:
dialysate, 50% supernatant (designated albumin) and 50% precipi-

tate (designated globulin). A1l three fractions were necessary
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for growth of the spirochaete. The albumin fraction was replaced
with Amberlite 1R45 resin or soluble starch; both of these have
high adsorptive qualities. The globulin was replaced with egg
lecithin and the dialysate with a mixture of amino acids and B
vitamins (21,72).

Subsequently, these workers developed a completely defined
medium that consisted of salts, asparagine, thiamine, cyanoco-
balamine and a mixture of Tween 60 and Tween 80 (45,73). The
globulin contribufion is replaced by the fatty acid portion of
the Tweens, the albumin contribution by the ring structures in
the Tweens (called span) which bind fatty acids and slowly
release them into solution, and the dialysate contribution by
asparagine, thiamine, cvanocobalamine and salts.

In another study, the Tween 60 and Tween 80 mixture was
replaced with a preparation of fatty acid-poor albumin and oleic
acid (65).

c. Example in a parasitic protozoan system.

The hemoflagellate Trypanosoma lewisi is a natural pathogen

of the rat. The protozoan will not grow in the mouse peritoneum
unless rat serum is injected along with it (74,75). Other rodent
sera similarly facilitate T. lewisi growth in the mouse (76).

In further studies with this system, Greenblatt et al.
fractionated rat serum by Na,SO4 precipitation, G-200 Sephadex
column ultrafiltration and DEAE-cellulose column chromatography.

They isolated an active fraction that was homogeneous by several



12

criteria including d]tracentrifugation. However, immunoelectro-
phoresis of the fraction against anti-rat serum revealed several
antigens. The antigenically heterogeneous fraction had a
sedimentation coefficient of 7S, had very little 1ipid and was,
at least in part, gamma globulin. Specific antisera against rat
IgA and IgM showed no reaction with the fraction in immuno-
electrophoretic studies. The fraction was more potent than
whole rat serum in promoting in vivo parasite growth (77).
Earlier attempts to replace serum in the medium for Giardia.
These are the substances which were tried in place of the
25% human serum component of Giardia growth medium; none of them
supported growth. This work was done by Judy Chreist and
E. A. Meyer (unpublished data).

1. Horse serum 25% (v/v)

2. Calf serum 25% (v/v)

3. Rabbit serum 25 and 50% (v/v)

4, Ham's F12 medium (71) 25,50 and 75% (v/v)

5. MNeuman and Tytell serumless medium (78) 25, 50 and

75% (v/v)
6. Hemoglobin 0.5% (w/v) alone or plus each of the
following singly.
a. Fl12 25% (v/v)
b. NCTC-135 50% (v/v)
c. Serumless media 25% (v/v)
d. Lactalbumin hydrolysate 0.2% (w/v)

7. Bacto peptone 1% (w/v)
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135
12.
13.
14,

Proteose peptone 2% (w/v)

Bacto peptone, 1% plus proteose peptone, 2%
Dextran 0.1, 0.5 or 1.0% (w/v)

Reconstituted ox gall bile, 5,10,15 or 25% (v/v)
Rabbit bile 2.5% (w/v)

Rabbit bile 2.5% plus pangestin

Lactalbumin hydrolysate 0.02, 0.2 and 1.0%

13



METHODS

Giardia Culture Techniques
1. Isolation and culture maintenance.

Giardia trophozoites were obtained originally from the small intes-
tine of rabbits using the method of Karapetyan (9). The isolated

protozoa were established in monoxenic culture with Saccharomyces

cerevisiae (1). Physical separation of Giardia from yeast, and axenic

cultivation of the flagellate were done as described by Meyer (11).
Trophozoites were maintained in stock culture along with but

physically separate from S. cerevisiae, with the yeast inside a

dialysis bag inserted into one arm of a U-shaped glass tube (11),

and the Giardia outside the bag. These cultures were maintained

" continuously by emptying the contents of the Giardia side of the U-

tube and refilling with fresh medium at one to three day intervals.

A monolayer of trophozoites remained attached to the bottom of the

U-tube through each change. Cultures were periodically checked for

bacterial and fungal contamination by inoculation 1ﬁto fluid thio-

glycollate medium and into Giardia culture medium lacking antibiotics.
Although it is possible to continuously culture this protozoan

axenically, the method above was chosen for stock cultures. The

trophozoites grow as well in axenic culture as in this monoxenic-

like condition: but axenic cultures are more difficult to handle.

The particular strain of Giardia used in this work was isolated in

1964, and has since been maintained in monoxenic culture.
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2. Culture medium,

A medium designated M5 was used. It was prepared according to
the method described for the preparation of M3 medium (11); the only
difference between the two media is that M5 lacks agar. The method
of preparing M5 medium is described in the Appendix.

3. Growth assay procedure,

a. Tube inoculation.

Stock organisms were inoculated into flasks of fresh media
to give starting cbncentrations of 1 to 9 x 103 organisms per
ml as determined by electronic counter. Eight ml amounts of the
inoculated medium were promptly dispersed into 13 x 100 mm Pyrex
test tubes which were stoppered with silicon plugs and incubated
on their sides at 37 C. Medium was not changed during the course
of an experiment.

b. Visual scoring.

Approximate numbers of trophozoites in culture tubes were
determined by direct microscopic observation as follows. At
points 1, 3, and 5 cm from the bottom of each culture tube, lines
were drawn perpendicular to the long axis of the tube and 180°
around. During incubation, tubes were positioned with their
marked sides facing dowﬁ. Observations were made through an in-
verted microscope at 150X and 315X. Along each line the field

with the highest and lowest concentration of protozoa was
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scored as follows:

Trophozoites
Score Magnification per field
1 150X 1-10
2 150X 11-225
3 315X 50-100
4 315X 101-300
5 315X Greater than 300

The six scores'determined for each tube were added giving a
maximum possible score of 30. Unless otherwise specified, each
reading was the average of three replicate tubes.
c¢. Standardization of visual scoring by means of electronic

cell counts.

Immediately after visual scores were assigned, numbers of
protozoa in the same tubes were counted with a Coulter Model F
electronic particle counter (Coulter, Hialeah, Fla.), for the
purpose of developing a correlation between visual score and
actual cell count. Calibration of the Model F was done against
hemocytometer counts.

Because a significant proportion of Giardia trophozoites in
any culture adheres to fhe glass, a liquid sample pipetted from
an otherwise undisturbed cuiture tube is not representative of
concentration. To remove all the cells, each tube was first
emptied into a counting vial, then refilled with Isoton (Coulter)
and emptied into the same vial. The tube was filled with Isoton

for a second time, refrigerated at 5 C for one hour and emptied
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into the vial. A known volume of the diluted suspension was
counted electronically and the number of protozoa per ml of

undiluted culture medium was calculated. Microscopic observa-

, tion showed that no organisms remained attached to the culture

tube after the last Isoton was poured out. Also, no lysis
could be detected during this procedure, since test suspensions
counted before and after Isoton dilution and cooling, showed no
difference in cell number.

Eight cﬁrves, describing the growth of Giardia trophozoites
in M5 medium, have been determined by electronic cell count.

This was done to standardize visual scores. The standard correla-
tion of visual score vs. electronic cell count is plotted as a
histogram in Fig. 1. Visual scoring was the measuring technique
used in later experiments.

Experimental procedure.

a. Primary culture.

Thirty-two ml of each medium to be used in an experiment was
prepared in a 50 m1 flask. The compositions of all test media
were identical to M5 medium except for the serum portion. Each
experiment included an M5 control and a serumless control (medium
made to volume with Hanks' balanced salt solution in place of
serum). The pH of all media was adjusted to 6.7 * 0.05; this
requirved 1 to 4 ml from the original 32 for measurement with a pH
meter, depending upon the number of adjustments with 0.1 N HCI or

7 1/2% (w/v) NaHCO3 necessary. After adjustment to the desired
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pH, all media were brought to the same volume; this varied from
28 to 31 ml in different experiments. An inoculum of 0.2 to 0.6
mi from a stock culture was pipetted into the prepared volume

of each experimental medium; at the same time three Isoton blanks
of the same volume were also inoculated. The blanks were counted
on the electronic counter and the calculated average of the

three counts considered to be the initial concentration of
Giardia. The initial concentrations were between 1 and 9 x 103
organisms per ml; fhe media were dispensed into Pyrex tubes;

and the tubes incubated as described in A-3-a. The number of
protozoan generations occurring in each medium was calculated
from initial and final concentrations. Initial concentration

was determined as described above, final concentration by
translation of the peak visual score into protozoa per ml. The
data necessary for the translation are plptted 0 F1g. 1<

Methods of calculating % activity and specific activity are
described in the Appendix.

b. Subcultures.

The method of initiating Giardia subcultures was the same as
that of initiating primary cultures except for the inoculum
source, and volume emp]dyed. Here the inoculum source was
organisms grown in experimental medium; the inoculum volume

depended upon the concentration of cells in the inoculum source.
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The initial concentfation was between 1 and 9 x 103 protozoa

per ml1 as before (A-4-a and A~3-a). For any new medium there

was the possibility of contamination with old medium and/or the
presence of intracellular pools in the transferred trophozoites.
Either of these possibilities would have allowed Giardia to grow
in a medium that did not su§p1y all of its needs. Proof of the
ability of a medium lacking whole serum to support Giardia growth,
therefore, rests on the demonstration of continued subculture of

the organisms in that medium.

Serum Fractionation
1. Dialysis

A known volume of serum was poured into a bag made of 15/16 inch

wide dialysis tubing (Union Carbide, Chicago, 111.); and the bag

suspended in 10 volumes of distilled water. After 24 hours the water
was replaced with buffered saline (bs) consisting of 0.15 M NaCl and
0.01 M Tris {(2-amino-2-(hydroxy-methyl)-1-3-propanediol) (Matheson,
Coleman and Bell, Norwood, Ohio). Dialysis was continued for several
days with 5 more changes of bs. The distilled water dialysate was
freeze-dried in a Virtis lyophilizer Model 10-010 (Virtis, Gardiner,

N. J.) and the resultant dry powder dissolved in a volume of Hanks'

“balanced salt solution equal to the original volume of serum dialyzed.

The serum retentate was harvested and its volume measured. Both
fractions were sterilized by filtration through 0.45 mu pore size

Millipore filter membranes in a Millipore apparatus (Millipore,
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Bedford, Mass.), and frozen at -20 C. The saline dialysates were
discarded.
2. Ammonium sulfate precipitation.
a. Fifty percent of saturation.
Thirty-eight gm of (NH4)ZSO4 powder was slowly added to
100 m1 of serum at room temperature with constant mixing. The
suspension was mixed in the cold for 3 hours then centrifuged
at room temperature for 30 min at 2,000 g. The supernatant was
decanted and the precipitate dissolved in bs. Both supernatant
and dissolved precipitate were dialyzed extensively against bs
at 5 C in bags made of 1 7/8 inch wide dialysis tubing (Union
Carbide), then concentrated to original serum volume. Concentra-
tion was performed in an Amicon ultrafiltration cell Model 52
with a PM-10 Amicon membrane (Amicon, Lexington, Mass.). The
fractions were sterilized and frozen as described in section B-1.
b. Combination precipitations.
The initial steps in this procedure were as described in
B-2-a, viz. addition of (NH,),S04 to serum, mixing, centrifuga-
tion and dissolving of the precipitate in bs. At this point,
the supernatant was discarded and the dissolved precipitate
mixed with varying amounts of (NH4)2504 according to the follow-
ing protocol: 10% was 7.6 gm of salt to 100 ml of serum and 20%
was 15.4 gm to 100 m1. The remaining procedures of centrifuging,
dialyzing, concentrating, sterilizing and freezing were done

as in B-Z-a.
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Gel filtration.
a. Preparation of gel.

Twenty gm of dry Sephadex gel (Pharmacia, Sweden) was
suspended in 1.6 liters of distilled water, boiled for 20 min
with constant stirring and refined. The suspension was then
allowed to swell in the cold for three days in the presence of
0.01% NaN3. After this period the gel was equilibrated with
column buffer (cb) which was 1M NaCl containing 0.1M Tris.

b. Pouring the coiumn.

Prior to pouring, the gel suspension was degassed by vacuum.
The gel was poured into the glass column (made by Pharmacia) at
a pressure head of 25 cm at room temperature. After the gel had
settled, the column was placed in the cold, the pressure head
adjusted to approximately 15 cm, and at least one column volume
(total volume of liquid and gel in pouredncolumn) of cb passed
through the gel before use. A poured column was used for from
1 to 15 runs, and flushed between each run with at least one
column volume of cb.

c. Preparation of sample.

Any sample to be run was dialyzed extensively against cb,
brought to desired concéntration by one of two methods, and
refrigerated. One method of concentration is described in B-2-a,
the other in B-3-e. Just before the run, the sample was made
more viscous by addition of sucrose to a concentration of 10%
(w/v). This was done to facilitate even entry of sample into

gel.
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d. Sample fractionation.

A volume of sample with sucrose was layered carefully onto
the surface of the gel and washed through with ¢b. The column
effluent was collected in a fraction collector timed to advance
every 20 min. Fractions were collected in Pyrex tubes and
measured at 280 mu on a Zeiss spectrophotometer (Carl Zeiss,
Germany). Series of tube fractions were combined into pools
according to criteria established in the Results section. From
one rhn to the nexf the flow rate often decreased. To maintain
the flow rate the pressure head was raised. Uhen the flow rate
dropped to less than 10 ml/hr at a pressure head of 22 cm the
column was repoured.

e, Prebaration of fractions for experimentation.

Large pools combined from several runs were concentrated in
8/32 inch wide Visking tubing (HMC, 52 Gloucester Place W.1,
England) in a special apparatus described by Rigas (79). Low
molecular weight material was drawn through the membrane by
vacuum controlled with a manometer (6.25 t 0.75 cm Hg) while
large molecular weight material was held back. After concentra-
tion each sample was dialyzed extensively against bs, brought to
original serum volume, fhen sterilized and frozen as described
in B-1.

f. Aspects of separations with G-200 Sephadex.
The sample volume was 10 m1. The column diameter was 2.5

c¢m and the bed height 88 to 96 cm. Flow rate was 10 to 18 ml/hr



24

and the void volume 110 to 170 ml. Approximate column volume
was 500 ml.
g. Aspects of separations with G-100 Sephadex.

The sample volume was 5 ml, the column diameter was 2.5 cm
and the bed height 37 cm. The flow rate was 18 ml/hr, the
void volume 70 ml and the column volume approximately 200 ml.
Membrane ultrafiltration.

Fifty ml of serum was put into an Amicon #52 ultrafiltration
cell and forced tﬁrough an Amicon XM-100 membrane at 40 psi with
compressed No. When 35 ml had been filtered, the 15 ml remaining
in the cell was brought to 50 ml with bs. The process was
repeated two more times. The first ultrafiltrate and the final
retentate were each made to original volume (50 ml1) with bs and
prepared for experimentation as in B-1. The other ultrafiltrate
washes were not used.

DEAE-cellulose treatment.

DEAE-cellulose, DE 32 microgranular, was obtained from Whatman
Company (England) and was prepared according to specifications
described in the Whatman information leaflet that came with the
gel. Twenty-five gm of gel was suspended in 400 ml of 0.5 N HC1.
After 30 minutes the mixture was washed over Reeve Angel #2 filter
paper in a Buchner funnel until the wash was up to pH 4. The
drained gel was suspended in 400 ml of 0.5 N NaOH for 30 minutes
then washed as before until the pH was between 6 and 7. The

drained gel was equilibrated with 0.005 M KoHPO4, pH 8.2, the
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starting buffer,

The sample to be tested (G-200 Sephadex fraction II equili-
brated with starting buffer) was stirred into the gel slurry.
The slurry was kept in the cold with constant mixing for 1 hour.
After this the gel was poured onto filter paper in a Buchner
funnel and washed with 2 liters of starting buffer. A1l the
washes were pooled and designated fraction II A, The gel was
next washed with 2 liters of 0.5 M KoHPO4 and these washes
pooled. This was designated fraction II B. The two fractions
were concentrated, dialyzed against bs, made to original serum
volume, sterilized and frozen as described in B-3-e. The choice
of buffer and buffer molarities was based on a paper by Fahey
and McLaughlin (80). The concentration of protein, determined by
the Waddell method, was 5.1 mgm/ml in II A and 7.2 mgm/ml in
IT B, The concentration of protein in Il was 12.0 mgm/ml, so

there was no loss of protein with this procedure.

C. Identification and Determination of Proteins.
1. Immunoelectrophoresis.
The method used is a modification of that of Campbell et al. (81).
Hot 2% 4{onagar No. 2 (Colab, Chicago Heights, I11.) in veronal buffer
at pH 8.6 was pipetted onto 1 inch x 3 inch glass slides at 2 ml per

slide and allowed to cool. This was the pattern cut into the agar gel:
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Electrophoresis of éamp1es which had been pipetted into circular
wells was carried out in an immuhoe]ectrophoresis apparatus (National
Instrument Lab., Rockville, Md.) with veronal pH 8.6 as buffer.

The system was operated at 40 volts for 40 minutes.

Antiserum was pipetted into the center trough and incubation of
the electrophoretically treated samples with the antiserum was done
in a cold moist atmosphere for two days. After incubation, washing
was done for a one day period with several changes of bs. The slides
were rinséd free of salt with several quick distilled water washes
and dried at room temperature for two more days. Staining was done
with 1% Buffalo Black (National Aniline Division of Allied Chemical,
New York, N.Y.) in a solution that was 5 parts distilled water, 5
. parts methanol and 2 parts glacial acetic acid. The staining was
carried on for only a few seconds. Excess stain was removed from
the slides with a solution that had the same composition as the
stain solvent. The destaining process was carried on until the
precipitation lines were distinct.

2. Ouchterlony gel diffusion.

The method used is a modification of that of Campbell et al. (82).
Ionagar slides were prepared as in section C-1. Various serum
fractions, sera and antisera were pipetted into the wells cut into
the slides according to the protocol for the particular experiment.
The slides were incubated in a cold moist atmosphere for two days.
Most of the time results were observed in unstained gels. If the gels

were stained the procedures used were the same as in section C-1.
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Indication of whether or not the gels were stained is made for each
experiment in the Results section. The pattern cut into the gel is

indicated below.

O
o ©
o)
o ©
O

3. Discontinuous electrophoresis.

a. E-C vertical gel method (83).

Electrophoresis was done in an EC470 vertical gel cell
(E-C Apparatus Corp., Philadelphia, Pa.) with a Buchler 3-1014A
power supply {Buchler Instruments, Fort Lee, N. J.). Samples
were run at 200 volts until the Bromphenol blue dye had migrated
to the bottom of the spacer gel which was 4% Cyanogum (E-C
Corporation) in Tris-HC1 buffer at pH 6.7. Cyanogum is 95%
acrylamide and 5% Bis (N, N' methylene bisacrylamide). Four
hundred volts was then applied to move the sample through the
running gel whichwere 7% Cyanogum in Tris-HC1 buffer at pH 8.9.
The electrode buffer was Tris-glycine at pH 8.3. The sample
mixture was 5 parts of a mixture of 4% acrylamide (Matheson,
Coleman and Bell) and 5% sucrose (Mallinckrodt, St. Louis, Mo.)
in Tris-HC1 buffer at pH 6.7 made dark blue with Bromphenol blue;

and one part protein sample solution. The protein sample was
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dissolved in bs; and the concentration adjusted so that the
final protein concentration of the sample applied to the gel was
2 to 5 mgm/ml. The gel was stained with 1% Amido Black 10B

(E-C Corporation) in 7% glacial acetic acid. Destaining was
done in plain 7% glacial acetic acid and took several days with
many changes of destaining solution.

b. Electrophoretic method of Davis (84).

The fractions examined by this procedure were analyzed in
the laboratory of Professor Dennis Burger (Veterans Administration
Hospital, Portland, Oregon). The large pore gel was 2 1/2%
acrylamide (Eastman Chemical, Rochester, N. Y.) and 5/8% Bis
(Eastman) in Tris-HC] buffer at pH 6.7, and the small pore gel
was 11.2% acrylamide and 0.03% Bis in Tris-HC1 at pH 8.9. The
electrode buffer was Tris-glycine at pH 8.3. Samples were run
at 2 to 5 ua per cylinder in a Buchler electrophoretic apparatus
(Buchler Instruments). Staining was done with 1% Amido Schwartz
(Allied Chem., Moorestown, N. J.) in 7% glacial acetic acid.
Destaining was done in 7% glacial acetic acid.

Wadde11l method (85) for protein determination.

A11 protein samples were diluted with bs. Murphy and Kies (86)
have shown that the concentrations of NaCl and Tris in bs do not
affect the spectrophotometric readings at the wavelengths used.
Optical density was measured on a Zeiss Spectroscope (Carl Zeiss)

at 215 and 225 mu wavelength, and the difference calculated.
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Increasing concentrétions of human Cohn Fraction V (Nut. Bioch.
Co. Cleveland, Ohio) from 20 to 80 ug/m1 were measured in this
manner and a standard curve developed. A1l unknown concentra-
tions were determined by referring to this standard curve.
Radial diffusion method for quantitation of specific proteins.
This method is a modification of that described by Mancini
et al (87). It was performed in Professor Bernard Pirofsky's
laboratory (Div. Allergy and Infectious Disease, U. of Ore. Med.
Sch.). Standard agar plates and reference serums were obtained
from Hyland Laboratories (Los Angeles, Calif.). Several known
concentrations of each antigen were pipetted into the wells in
the agar plates. Specific antibody had been distributed evenly
throughout the agar. After incubation, rings of precipitation
were formed around each well and the diameter of each ring
measured. Each diameter was plotted against its respective
concentration and a standard curve was drawn. Each unknown serum
was run along with the reference serums and its precipitation
ring diameter translated into concentration on the basis of the
standard curve. Determinations were done for human IgA, IgG

and IgM.



A.

MATERIALS

Serum for Routine Culture

Human serum for Giardia culture medium was obtained from three
sources: University of Oregon Medical School Hospital (CP},
St. Vincent's Hospital in Portland, Oregon (SV) and the Oregon State
Public Health Service in Portland (PH). Pools were generally 300
to 1,000 ml with the exception of No. 30 which was 7 liters., Each
pool was noted by number and source. All sera were less than 2 months
old (storage at -20 C)'at use except No. 30 which was used for one

year.

Special Sera

Sera from patients with various diseases was obtained from
Professor Bernard Pirofsky, Division of Allergy and Infectious
Disease and Professor Fred Hecht (Experimental Medicine) both of

the University of Oregon Medical School.

Commercial Preparations
1. Antisera
a. Hyland Laboratories, Los Angeles, California

Goat anti-human IgA ( o-chain specific)
Goat anti-human IgG'
Goat anti-human Transferrin
Goat anti-human Ceruloplasmin
Goat anti-human o 2 macroglobulin

Horse anti-human crystallized albumin
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b. Kallestad Laborétories, Minneapolis, Minn,
Horse anti-human haptoglobin.

c. Hoechst Pharmaceutical Co., Kansas City, Mo.
Rabbit anti-human hemopexin
Rabbit anti-human B-1ipoprotein
Rabbit anti-human «<l-antitrypsin

Horse anti-human Gc globulin



RESULTS

A. Development of the Growth Assay System

The growth medium for Giardia trophozoites contains Hanks' balanced
salt solution (88), human serum, yeast extract, the synthetic tissue
culture medium NCTC-135 (89), a so]ytion of the reducing agents cysteine
and glutathione, and antibiotics. Hanks' solution serves as an isotonic
vehicle for the other constituents in the medium.

Prior to this work, Giardia growth response to varying concentrations
of the yeast extract and NCTC-135 components, was determined by E. A. Meyer
(unpublished data). Since the concentration of both components could be
increased with no increase in growth response they were considered to be
in excess in the M5 growth medium. The optimal concentration of reducing
agents and the optimal pH were also determined by Meyer (11).

The first step of this work was to determine the effect of varying
the serum concentration in M5 medium on Giardia growth. Fig. 2 shows
that the protozoa grow to increasingly higher concentrations as the
amount of serum in the medium increases. Translating the visual scores
in Fig. 2 into cells per ml, it can be seen that 5, 10, 15, 20 and 25%
serum levels in M5 produce peak protozoan concentrations of 60, 90, 130,
160 and 190 x 103 cells per ml respectively. This is an increase of
~ approximately 30 x 103 Giardia per ml for each 5% increase in serum. At
50% serum the peak concentration is 220 x 103 cells per m1; an increase
of only 40 x 103 cells per ml for a 25% increase in serum. Above the
25% serum level, the rate of increase in peak concentrations of protozoa

decreases with increasing serum concentration in the growth medium.



33

*(x1puadde 99s) uonnjos Juronpaa %g pue ¢eI-DLON %¢ 103 A1188900U 2y) Jo Isneoaq ‘pesn
SBA JEB() WINJIS JO SWN[OA WNWIXEW 3y} SeMm § AJBUIN *H SEM UOIJBIJUIOUOD WNISS Au® 10}
S[BLI] JO JaquInu WnWUIW ayj ‘juewrliadxe ojeaedes g st julod yoey ‘poSuByoun aie Wnipoul
9] JO sjusUOdUIODd ISYJO {SSSEBDIOOP UOTINIOS J[BS PIOUBIE] ,SHUBH JO ) 9Y] SSBIIOUI WINISS
Jo awn[oa £q % 9Yj SY "WNIPOW G Ul SUOTIBIJUSOUOD winias SulfieA 01 asuodsed Ymorn °g
wniag %

06 SL - 08 (013 14 0z sr or1

I | b | o | “ _ T T

—wn
— ™

o
o
ml
v
) M m 8 m P 8 —
T S8 . ® ]

o0
oo
o

L

+31

cl

12

L2

8100§ [ENSIA



34

Twenty-five percent was the Tevel of serum in M5 chosen to be used for
all experiments to follow. There were two reasons for this: first,
because Giardia grew to higher concentrations in medium with this level
of serum than in medium with lower serum levels, and second, because
Giardia made more efficient use of serum at this level than at higher levels.

A typical curve representing the growth of Giardia in M5 medium contain-
ing 25% serum is shown in Fig. 3. The solid line was made with protozoan
concentration values determined by electronic counting; it shows typical
lag, exponential and statidnary phases of growth. The visual score
(dashed 1ine) values can be seen to describe exponential phase accurately,
but decrease during stationary phase when the electronically-counted
curve is Teveling. This 1s‘because the trophozoites no longer adhere to
the surface of the culture tube during this period. Consequently, visual
scoring is not an accurate means of estimating concentration of protozoa
during stationary phase. For this reason the correlation of visual
score and electronic cell count shown in Fig. 1 (Methods section) was
done only during exponential growth. For the purpose of comparing Giardia
growth in medium containing whole serum with growth in medium containing
different serum fractions or substitutes this correlation was adequate,
since the number of generations per culture (the criterion for comparison)
was determined from the peak eprnentia] phase concentration and the zero-
time concentration of protozoa per ml. The zero-time or initial concentra-
tion of Giardia was determined by electronic cell count as described in
Methods section A-3-a.

Table 1 shows data from 8 growth curves determined in M5 medium with
5 different pools of serum. The average number of generations per culture

was 5.5 ¥ 0.3 and the average generation time 18.1 Y 1.6 hr. Generation
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time was determined from the beginning of exponential phase to the peak
as is denoted by the position of the arrows in Fig. 3.

Complement was routinely inactivated by heating serum at 56 C for
30 minutes, but preliminary experiments showed that Giardia grew just as
well in medium containing untreated serum. Freezing and thawing of serum
1, 2 and 4 times resulted in no deleterious effect on its Giardia growth
promoting activity. Heating serum in a water bath for 2 hours at 40, 55
and 65 C had no deleterious effect on its ability to promote Giardia
growth. At 70 C the serum coagulated very rapidly, and could not be

tested in the liquid M5 medium.

B. Attempts to Replace Whole Serum with Serum Fractions Prepared by
Different Methods
1. Fractions prepared by dialysis.

Two fractions were prepared from extensive dialysis of serum: a
retentate which was the material that remained inside the membrane
bag and a dialysate which was the material that came through the bag
in the first volume of dialyzing liquid. Each fraction alone and
both fractions together (reconstituted} were incorporated into M5
medium in place of whole serum énd tested for their growth promoting
activity. Table 2 shows the results of these experiments. The
retentate had an activity of 99 ¥ 5% of control, the dialysate 0%
and the reconstituted preparation 101 * 1%. There was no significant
difference between the retentate and the reconstituted preparation,
each of which had the same activity as the whole serum control. The
three experiments were done with three different pools of serum;

there was no major difference among them.



Table 2, Growth response to dialyzed serum fractions in M5

medium
Serum Pool
Fraction Ave® S.D.
8 SVPH 10-PH 9-SV

Whole Serum | 100 100 100 -

Control
No Serum 0 "0 ‘ 0 0
Dialysate 0 0 0 0
Retentate 94 108 95 9915
Reconstituted] 103 100 100 101+ 1

Table 3. Growth response to fractions from 50% ammonium
sulfate precipitation in M5 medium expressed as %
of control activity

Serum Pool "
Fraction Ave~ S8.D.
11 14 22- | 22- | 23- | 24-
PH | SVPH|SVPH|SVPH|SVPH| PH

Whole Serum | 100 | 100 (100 | 100|100 | 100 ==

Control
No Serum 0 0 0 0 0 0 0
Supernate 0 0 0 0 0 0 0

Precipitate 90| 921107 | 103|121 | 106 1035
Reconstituted| 65! 100|119} 100{128 | 100 102+ 9
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2. Fractions prepared by ammonium sulfate precipitation.

The two fractions prepared from serum treated with 50% of satura-
tion ammonium sulfate were tested for their ability to support Giardia
growth in M5 medium. Also, a reconstituted preparation was made and
tested. The results are shown in Table 3. The precipitate had an
activity of 103 ¥ 5% of control, the supernatant 0% and the reconsti-
tuted preparation 102 * 9%. There was no significant difference
between the precipitate, the reconstituted preparation, and the whole
serum control. The 6 éxperiments were done with 5 different pools
of serum. The precipitate and reconstituted preparations from serum
pool 11 gave depressed responses of 90 and 65% of control activity
respectively, and these two preparations from serum pool 23 gave
elevated responses of 121 and 128% of control respectively., The
activities of these two preparations from the other three serum pools
were between these extremes. MNone of the supernatant preparations
had any activity.

The 50% precipitate from serum pool 24, which had an activity of
106% of control (Table 3), was dissolved in buffered saline (bs) and
treated with 10% of saturation ammonium sulfate. Table 4 shows
that the 0 to 10% ammonium sulfate-precipitated fraction had no growth
promoting activity when substituted for whole serum in M5; that the
10 to 50% fraction had 73% of control activity and that the two
fractions together had 87% of control activity. So, the second
ammonium sulfate treatment resulted in a loss in total activity of

approximately 20% (106 minus 87%). The major activity was in the



Table 4. Growth response to fractions from combination ammonium
sulfate precipitation in M5 medium expressed as % of control

activity
Serum Preparation
Serum -
'Wh. Serum No 0-10% +
Pool Control Serum 0-10% 10-50% | 10-50%
24-PH 100 0 0 73 87

Table 5. Growth response to fractions from combination ammonium
sulfate precipitation in M5 medium expressed as % of control

activity
Serum Preparation

Serum

Wh, Serum No 20P 20 Su | 0-20% +
Pool Control | Serum | (0-20%) |[(20-50%) | 20-50%
23-SVPH 100 0 61 - 90
24-PH 100 0 48 0 84
24-PH 100 0 71 0 283
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10 to 50% fraction, but'the 0 to 10% did have complimentary activity
even though it supported no growth by itself.

Fifty percent precipitates from serum pools 23 and 24 (Table 3),
which had an average activity of 113% of control, were dissolved in
bs as before, and now treated with 20% of saturation ammonium sulfate.
Table 5 shows results of experirﬁents done with fractions prepared by
this procedure. The major growth promotfng activity now moved to
the precipitate, or 0 to 20% fraction, and averaged 60 1 7% of
control for the 3 experiments. The 20 to 50% fraction when tested
as the sole serum component of the medium had no activity, but when
tested in combination with the 0 to 20% fraction, activity increased
to 86 ¥ 2% of control. Again there was a loss in total activity due
- to the second precipitation.

At this point the 0 to 20% fraction (20P) and the 20 to 50%
fraction (20Su) were filtered through a G-200 Sephadex column.
Fig. 4 shows the 280 mu optical density tracings of these fractions.
The 7S peak is noticeably absent from the 20Su tracing which had no
growth promoting activity by itself. The 4S peak is very small in
the 20P fraction and very large in the 20Su fraction: and the 20Su
fraction enhanced the activity of the 20P fraction.

Further serum fractionafion studies using repeated ammonium
sulfate treatments were not pursued since this procedure consistently

resulted in a reduction of growth promoting activity.
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3. Fractions prepared by membrane ultrafiltration.

Ultrafiltration across a membrane that holds back molecules of
molecular weight greater than 100,000 was done on whole serum. The
material that did not pass through the membrane (retentate) was
washed several times with bs, and refiltered after each wash. The
purpose of this method was to separate the 4S peak from the rest of
serum, so its importance to Giardia growth could be determined.

Fig. 5 shows G-200 Sephadex tracings of the retentate and ultra-
filtrate prepared by this method. Material in the 19S, 7S and 4S
size ranges is present in both fractions. Since the ultrafiltration
method did not adequately produce a separation of the 4S5 material
from the rest of serum, it was not pursued.

4. Fractions prepared by G-200 Sephadex gel filtration-three fraction
method.

G-200 Sephadex, used heretofore only as a descriptive tool for
fractions prepared in other ways, was ndw empjoyed as a preparative
tool. Fig. 6 shows a tracing of 280 mu-absorbing material as it is
eluted from the gel column. Three fractions were collected from the
original 50% ammonium sulfate precipitate that was layered onto the
column, The 19S5 peak was designated fraction I, the 7S5 peak fraction
-II and the 4S5 peak fraction III.

Table 6 shows results of experiments done with these 3 fractions
prepared from 4 different pools of serum. Fraction III never
supported growth when substituted for whole serum in M5 medium;

fraction 11 + III always did (75 % 7% of control activity) and the
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Column: 2-1/2 x 90 cm.
Flow Rate: 15 cc/hr,

b=
b

O.D.
280 mu

198
! | !
30 60 90 1200 150 180 210 240 270 300 330 360 350 420

| /| 1
1

L X

Effluent Volume

Fig. 5. G-200 Sephadex ultrafiltration pattern of Amicon ultrafiltration frac-
tions. Top: retentate, bottom: ultrafiltrate.
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reconstituted 50% precipitate, I + II + III always did (84 t 8%).
Fraction Il from serum pools 22 and 23 had an average activity of

80 ¥ 3% of control for 4 experiments, but from serum pools 24 and 28
fraction 11 had an average activity of 11 * 6% for 3 experiments.
Other preparations from serum pools 24 and 28 also gave depressed
growth responses. Fraction I from serum pools 24 and 28 had no
activity, but from serum pools 22 and 23 had an average activity of
22 t 5% of control. |

An additional serum pool (295V) was fractionated and tested in
growth medium as before. Table 7 shows growth data for the preparations
I1I, I1I and II + III from all 5 serum pools now tested (a total of
10 experiments). Again fraction III alone in place of whole serum
. in M5 never had any growth promoting activity; the combination of
IT + III always had activity and averaged 75 t 5% of control; and
fraction II had erratic activity. The fraction II pfeparations from
serum pools 22 and 23 had consistently high activities (77, 838 and 73%),
from serum pool 24 consistently low (10, 22 and 0%) and from serum
pool 28 irregular activities (0, 52 and 16%).

Subculture of Giardia was attempted using the combination of
fractions II + III to further check its adequacy as a whole serum
replacement. Up to this point, all experiments were initiated with
Giardia grown in stock culture. Fig. 7 shows that the Giardia which
grew initially in M5 containing II + III in place of serum, grew

again and to the same peak concentration when subcultured.



Table 7. Collected data from experiments with G-200 Sephadex
fractions II, IO and I + III in M5 medium. Growth is
expressed as % of control activity.

Serum ‘ Serum Preparation
Pool 'Wh. Serum No
Control Serum I III IT + 111
22 SVPH 100 0 77 0 91
100 0 88 0 100
23 SVPH
100 0 73 0 93
100 0 10 0 56
24 PH 100 0 22 0 65
100 0 0 - 70
100 0 0 0 52
28 SVPH 100 0 52 0 79
100 0 16 . 73
29 8V 100 0 49 0 75
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20
from stock O

i {1) Primary Culture /o\o r (2) Subculture /O-O\O
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16 (= —
Visual A

O
A
Score A’ \A \
O A / A
A

2 |- / 1+ I =
I+ 10X

O A O
A
s /
s LY — A
o] /
/
No D A
4 Serum “.\A/
No Serum
I ?\. S G O I, " S DI S S e
1 3 5 7 9 1 3 5 7 9 11
Days

Fig. 7. Growth response in primary culture and subculture to fraction
II + IIT in M5 medium. Each point is the average of three
replicate cultures. Serum pool is 24. Standard deviation is
f 1 for every point. Arrow indicates point at which IT + III
cells were harvested and inoculated into each of the variables
in (2).
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Attempts to Replace G-200 Sephadex Fractions II and III.
1. G-100 Sephadex gel filtration of II and III.

Fig. 8 shows the 280 mu absorption patterns of the effluents
from column runs of fraction Il and fraction IiI. A single
symmetrical peak occurred in each case. Since this method provided
no means for subdividing either fraction, it was not used further.
2. Attempt to replace III with the supernatant (S) from 50% ammonium

sulfate precipitation.

Serum pool 28 was treated with 50% of saturation ammonium sulfate.
The precipitate was passed'through G-200 Sephadex. There were 4
resultant serum fractions: the supernatant from ammonium sulfate
treatment (S) and the three Sephadex fractions of the 50% precipitate -
I, II and III. Table 8 shows that in 3 experiments, II + S in place
of whole serum has an activity (55 t 8% of control) approximately
equal to that of Il + III (61 * 10%).

In Table 8 there is only one control of medium with fraction III
alone, and only one with fraction S alone. However, Table 7 shows
8 experiments where fraction III in M5 had no activity in the absence
of other serum constituents and Table 3 shows 6 experiments where
fraction S, the 50% supernatant, had no activity by itself.
3. Fractions of II prepared by DEAE-cellulose treatment.

A simple batch procedure performed on fraction II resulted in
the two fractions II A and II B. Table 9 shows that either of these
fractions or a reconstituted preparation of the two supported 1ittle

or no growth when combined with fraction III and incorporated into
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Table 8. Activity of supernatant (S) from 50% ammonium sulfate precipita-
tion compared to fraction ITI from G-200 Sephadex ultrafiltration.
Growth is expressed as % of control activity, Bottom line is
average * S.D. All preparations are from serum pool 28.

Serum Preparation
Wh. Serum No

Control Serum II II+ I11 o+ 8 III S
- 0 0 46% 46%* - -
100 0 34 —— 7l - 0
100 0 52 79 - 0 -
100 0 2 58 58 | - a
100 0 = 61+ 10 | 55+ 8 = =

* These values are based on an average whole serum control value taken
from all experiments with serum pool 28,

Table 9. Growth promoting activity of DEAE-cellulose fractions of G~-200
Sephadex fraction II, Growth is expressed as % of control activity.
Both preparations were from serum pool 28,

DEAE Serum Fractions

Prep-
aration Whole No : IIA + JIB
: Serum Serum I+ 11 IOA + IIT | TIB + III + ITI

1 100 0 59 0 17 21
2 100 0 53 0 0 0
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M5 in place of whole serum. Untreated fraction Il + fraction III
had an average activity of 56% of control for the two experiments.
In one case, there was some slight activity in II B (17% of control

when incorporated into M5 with fraction I1II).

Attempts to Replace Whole Serum with G-200 Sephadex Fractions Prepared
by the Six Fraction Method.
1. The six fractions. _

Fig. 9 shows a 280 mu tracing of the effluent from a G-200
Sephadex column run of a 50% ammonium sulfate precipitate from serum
pool 30. The figure also shows the separation of the material into
6 fractions which were designated 1A, 1B, 2A, 2B, 3A and 3B.

Because the same fractions from different serum pools gave
different growth responses in some cases (e.g. fraction II, Table 6),
a single serum pool, number 30, was used from this point on.

Table 10 shows protein concentrations of the 6 fractions from
3 different preparations of serum pool 30. There are differences
in the amount of protein in a particular fraction from one preparation
to the next, but the overall distribution in the 6 fractions follows

a consistent pattern. The % recovery of protein from the column is
remarkably consistent at 90.
2. Primary culture experiments.

Table 11 shows that either fraction 1B or 2A consistent]y.supported

Giardia growth when substituted for whole serum in M5 medium. HNone

of the other 4 fractions had activity when substituted for serum.
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400

1A [1B | 2A | 2B | 3A | 3B
o
o.D. 8p
280 mp
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4 L —
2 —
100 200 300
Effluent Volume (ml)

Fig. 9. G-200 Sephadex ultrafiltration pattern of 50% ammonium sulfate
precipitate. Material was separated into 6 fractions according
to the figure, Serum pool is 30 SVPHCP (Pool of serum from
St. Vincent's Hospital, Public Health Service and University of
Oregon Medical School Hospital).

Table 10. Protein concentrations of the 6 fractions in Fig. 9, and %
recovery of protein from G-200 Sephadex column., Protein
concentrations were determined by the Waddell method.

All preparations were from serum pool 30.
Fraction (mgm/ml) Total | Original
Preparation of 50% %
6 Fractions [Precipitate
1A [ 1B [2A |2B [83A | 3B |{(mgm/ml) | (mgm/ml) Recovery
A 6.5(5.9]| 8.8| 6.9(16.0{12.4] 56.5 62.5 90.4
B 6.1(6.2[8.7|6.2[20.00 9.6 56.8 63.4 89.6
C 5.2 (7.7 7.5]4.9(15.7/10.8 51.8 57.5 90.1




59

Table 11. Growth response to G-200 Sephadex
fractions in M5 medium expressed as
% of control activity. All fractions
were prepared from serum pool 30.

Average
% Activity
Fraction = 2.D. Replicates
1A 0 5
iB 63t 7 8
2A 64t 4 16
2B 0 5
3A 0 5
3B 0 B
Reconstituted | 64+ 6 5
(1A+1B+2A
+2B+3A+3B)
1B+2A 89t 4 L 5
2X 1B g1t 4 4
2X 2A 76t 6 6
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Adding 1B to 2A or doubling either 1B or 2A improved growth promoting
activity. However, when all 6 fractions were reconstituted, the
resultant activity was significantly lower than the combination of
only 1B and 2A which comprises part of the reconstituted preparation.
Because fraction III had complimentary activity to fraction I1I
(Table 7) fraction 3B was tested for complimentary activity to the
1B/2A component. Fraction 3B was selected in preference to 3A,
because it was less 1ikely to be contaminated by anything in 1B or 2A.
If fraction 3B was combTimentary, then a second substance (or group
of substances) besides the substance (s) in 1B and 2A, would again
be implicated. Table 12 shows that the combination of fractions
2A + 3B in place of whole serum in M5 medium, had a higher activity
than fraction 2A alone in 4 replicate experiments (75 ¥ 4% vs
54 ¥ 4% of control). The average activity of the 4 replicates of M5
containing 2A + 3B in place of whole serum is the same as that of'the
10 replicates of II + III shown in Table 7. A1l of the 2A + 3B
preparations were made from serum pool 30, while the II + III
preparations came from 5 different pools of serum.
3. Subculture experiments. |
Table 13 shows the results of attempts to subculture trophozoites
grown in M5 medium containinﬁ 18, 2A or the combination of 1B and 2A
in place of whole serum. In 7 of 8 attempts with the 3 different
media, subcultures failed to grow. HNo attempt was made to further
subculture those organisms which grew to a limited extent on first

subculture in 2A-containing medium,
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Table 13.

Growth response in primary culture and subculture
to G-200 Sephadex fractions in M5 medium. At peak
of primary growth, organisms were subcultured into
the fractions indicated, WS is whole serum control;
NG is no growth. All preparations were from serum
pool 30.

Primary Culture Subculture
Number of Number of
Fraction Generations Fraction Generations
1B 4.0 1B NG
1B 1.8 1B NG
WS Y
1B 3.1 1B NG
WS NG
2A 3.5 2A 2.4
WS 4.2
2A 4.3 _ 2A NG
WS 4.7
2A 3.1 2A NG
| WS NG
1B + 2A 4.1 1B + 2A NG
ws 3.4
1B + 2A 3.5 1B + 2A NG
WS -

58
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Table 7 showed that medium confaiping fraction II erratically
supported Giardia growth while medium containing fractions II + III
consistently supported growth. Table 12 showed that fraction 3B
enhanced the growth promoting activity of fraction 2A. For these
two reasons, subculture attempts were made with M5 media that had
the combinations of fractions 1B + 3B or 2A + 3B in place of whole
serum. The protozoa grew just as well in subculture as they did in
primary culture in both types of media. (Fig. 10).

For another type of subculture experiment Giardia trophozoites
were grown in medium containing 1B, 2A or 1B + 2A in place of whole
serum. These protozoa were subcultured into 3 different media:
medium containing whole serum (control), medium containing the
particular fraction and medium containing the particular fraction
p1u§ fraction 3B. The results of 5 experimeﬁts done this way are
shown in Table 14. In each case the Giardia trophozoites were
successfully subcultured in medium supplemented with 3B, but not in
medium containing the particular 1B, 2A or 1B + 2A ffaction without
3B.

4. Serial subcultures.

Table 15 shows the growth response, in generations per culture,
for 2 subculture series of Giardia grown in medium with 1B + 3B
substituted for ﬁhole serum. The number of generations increased in
the first 3 cultures of series 1 from 2.7 to 5.0. This series was |
cut short by contamination. The number of generations also increased
in the first 3 cultures of series 2 from 3.0 to 4.2. From this

point on the growth response remained fairly constant until the eighth,



60
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Fig. 10. Growth response in primary culture and subculture to G-200
Sephadex fractions 2A + 3B and 1B + 3B in M5 medium. Each
point is the average of three replicate cultures. Standard
deviations are always £ 1. All preparations were from serum
pool 30. Arrows indicate source of inoculum for each of the
subcultures,



Table 14. Growth response in primary culture and in subculture
to G-200 Sephadex fractions in M5 medium. At peak
of primary growth organisms were subcultured into
fractions indicated. WS is whole serum control; NG
is no growth. All fractions were prepared from serum

pool 30,
Source of Inoculum
for Subculture Subculture
Number of Number of
Fraction Generations Fraction Generations
iB NG
1B 3.0 1B + 3B 3.8
WS -—
2A NG
2A 2.6 2A + 3B 4.5
WS 4.5
ZA NG
2A 3.3 2A + 3B 3.1
WS =¥l
2A NG
2A 2.1 2A + 3B 3.2
WS -
1B + 2A NG
1B + 2A e ik 1B + 2A + 3B STk
Ju WS 3D




Table 15. Growth response in serial subculture to G-200

Sephadex fraction 1B + 3B in M5 medium. Series
1 was carried from 9/70 to 10/70; series 2 from
11/70 to 3/71. Method of calculating specific
activity is in the appendix. All preparations were
made from serum pool 30.

No. Generations Specific Activity

Culture
Series Series Series Series
1 2 1 2
1B+3B - 1st b P 3.0 600 885

2nd s 0 3.1 825 800
3rd 5.0 4,2 1220 1080
4th |Contamin- 3.4 890

ated
5th 2.8 705
6th 4.3 1050
7th 3.4 780
8th 1.6 410

Ave. * 8,D.| 3.8%0.7| 3.2£ 0.4[880% 180 |815% 90

Average specific activity of 22 replicate primary cultures
of whole serum pool #30 is 255 * 20; average number of
generations is 5.2 1 0.2,

62
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and last subculture attempted, which had a low growth response of
1.6 generations.

Table 16 shows data for a single serial subculture series in
medium containing 1B+4x crystallized human albumin in place of
whole serum. The albumin was obtained from Nutritional Biochemical
Co. {(Cleveland, Ohio). In this case the eighth and last subcuTture
attempted gave a very typical growth response of 4.1 generations.
The average number of generations in this series was 4.2 ¥ 0.3 and
the average specific activity, in generations per concentration of
serum protein (gm/ml) in the medium, was 1060 £ 90. The average

number of generations in the two 1B + 3B series (Table 15) were

1+

3.8 2 0.7 and 3.2 ¥ 0.4, and the average specific activities were

14+

880 T 180 and 815 %90. For 22 experiments done with whole serum
(pool 30) control medium the éverage number of generations per
culture was 5.2 ¥ 0.2 and the average specific activity 255 20,

So, for the 1B + 4x medium there was an average growth response of
80% of control (4.2 & 5.2 generations), and more than a 4 fold
increase in specific activity (1060 =255). For the 1B + 3B medium
there was an average growth response of 68% of control (§;§_%%jigé -

5.2 generations) and a more than 3 fold increase in specific activity

(815 + 880 = 255).
' 2
Two separate experiments, one with 1B + 3B-grown cells (Fig. 11),

and one with 1B + 4x-grown cells (Fig. 12} were set up according to

the following protocol. Cells grown in their respective media were -



Table 16. Growth response in serial subculture
to G-200 Sephadex fraction 1B + com-
mercial 4x crystallized albumen in M5
medium, Fraction 1B was made from
serum pool 30; the albumen (lot #5865)
was obtained from Nutritional Biochem.
Co. (Cleveland, Ohio),
culating specific activity is in the

Method of cal-

appendix.
Number of Specific
Culture Generations Activity
1BH+4x - 1st 3.0 750
2nd 3.1 780
3rd 4,7 1180
4th 4.5 1120
5th 6.1 1530
6th 3.9 980
Tth 4.4 1100
8th 4,1 1030
Ave?® 8.D. 4,21 0.3 1060 * 90

64
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subcultured into three different media: M5 containing both the 1B
and 3B or 4x component and M5 with only the 1B and only the 3B or

4x component in place of whole serum. The figures show that after 6
subcultures, Giardia stil) require both the high molecular weight
component {1B) and the low molecular wéight component (3B or 4x) to
grow. Media containing either fraction 1B, 3B or 4 x albumin in
place of whole serum did not support continued growth. This demon-
strated that Giardia had not adapted to one or the other of the two

serum fractions.

Attempts to Identify the High Molecular Weight Contribution to

Giardia Growth.

1. Identities between the 1B and 2A fractions.

In Table 11 it was shown that in medium where serum was substituted
with either fraction 1B or 2A primary growth measured as the number
of generations was approximately 65% of Qho]e“serum control. Doubling
the amount of 1B or 2A produced a growth response é]most as good as
combining the two fractions; this response was higher than the
response to media containing 1B or 2A alone. This suggests that the
growth promoting substance was the same in each of the 2 fractions
and was split rather evenly between them. So, attempts were made to
find substances common to fractions 1B and 2A.

The results of acrylamide gel discontinuous electrophoresis
(by 2 different methods) on the 6 Sephadex serum fractions are

depicted in Fig. 13. In method A the arrows denote 3 bands common to
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1B and 2A plus traces of albumin in each. The band denoted by arrow
1 is present only in 1B and 2A. In method B there are 4 bands and
traces of albumin common to both 1B and 2A. Only band 2 is present
in just 1B and 2A.

Immunoelectrophoresis of the € fractions against rabbit anti
whole human serum (prepared by Dr. Dennis Burger, Division of Surgery,
Veterans Hospital, Portland, Oregon) showed only two precipitation
lines common to 1B and 2A. The concentration of protein in each
of the 6 fractions was'set at 1 to 2 mgm/ml.

Quchterlony double diffusion was selected to test for the presence
of specific human serum antigens in the 6 fractions, The specific
antiserum was pipetted into the center well and the fractions were
pipetted into thé 6 wells surrounding the center. The concentrations
of the fractions used were equivalent to what they would be in whole
serum (see Table 10). Table 17 shows the results of experiments
done with 10 different antisera. Present in both 1B and 2A were
IgA, IgG and haptoglobin. |

Quantitation of the 3 antigens common to 1B and 2A was done by
serial two-fold dilution of each of the fractions in which they were
present. The specific antiserum was pipetted into the center well,
and the dilutions of the pafticu]ar fraction pipetted into the
surrounding wells. The data in Table 18 approximate the quantity of
each of the 3 antigens in each of the fractions tested. Haptoglobin,
which is present in 3 fractions, is distributed in equal amounts in
fractions 1B and 2A« The amount in either of those fractions is

4 times greater than the amount in 2B (maximum dilution of 16 vs
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Table 17. Double diffusion data for 6 G~200 Sephadex fractions made from
serum pool 30. All fractions were used at concentrations equiva-
lent to what they would be in whole serum (Methods Section II-C-5).
Listed under each fraction are only those specific antisera that
gave reactions with that fraction. Gels were observed over re-
flected light. All 10 antisera were tested against each fraction.
Fraction
1A 1B 2A 2B 3A 3B
IgA IgA IgA
IgG IeG IgG IeG 1eG
Haptoglobin |Haptoglobin [Haptoglobin
2 o2 |
Macro- Macro- Cerulo- Cerulo- Transferrin | Transferrin
globulin globulin plasmin plasmin
B Lipoprotein |8 Lipoprotein Transferrin (Hemopexin |[Hemopexin
G-C Anti- Hemopexin G-C G-C
Globulin Trypsin Globulin Globulin
G-C Anti- Anti-
Globulin Trypsin Trypsin
Table 18. Relative quantitation of those antigenic substances present in both
1B and 2A G-200 Sephadex fractions. Serial twofold dilution was
done with each fraction. The number indicates the highest dilution
at which a precipitation line still occurred. Gels were observed
unstained over reflected light.
Specific Fraction
Substance
Tested For 1A 1B 2A 2B 3A
IgA 2 16 32 - -
IsG 8 16 128 128 4
Haptoglobin o 16 16 4 -—
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max. dil. of 4). The amounts of IgA in fractions 1B and 2A are
within one dilution of each other and far exceed the amount in
fraction 1A (16 and 32 vs 2). IgG is present in greatest amounts
in fractions 2A and 2B where it occurs to the same titer. The
amount of IgG in either of those fractions is 8 times greater than
that in fraction 1B, 16 times that in 1A and 32 times that in 3A.
2. Experiments with unusual sera.

When serum heated at 65 C for 2 hours was tested earlier
(see Results section A} there was no loss in growth promoting ability.
The serum underwent noticeable changes, however. It turned péa soup
green and passed through a Millipore filter more rapidly than
untreated serum. Investigating this further by Ouchterlony double
. diffusion methods, it was found that anti-haptoglobin antiserum no
longer gave a precipitation line with the heated serum. Fig. 14 A
and B show the growth responses to 2 different preparations of serum
heated at 65 C for 2 hours. Giardia grew slightly better in it than
in unheated serum. Specific antisera against IgG and IgA gave
precipitation lines when tested with the heated serum by the Ouchterlony
method. Unheated (control) serum gave precipitation lines with
antisera against IgG, IgA and haptoglobin.

Fig. 14 E shows the growth response to medium containing serum
from a patient with Bruton's disease. This serum had a Tower total
protein concentration than normal serum. Consequently, a higher volume
of Bruton's serum was used in experimentation to compensate for this
difference. Radial diffusion evidence showed no IgA antigen (less

than 0.2 mgm/m}) and a depressed amount of IgG (approx. 1 mgm/ml).
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Normal serum concentration of IgA is 1.5 to 4 mgm/ml (90) and IgG

12 to 18 mgm/m1 (91). Ouchterlon& double diffusion tests showed
haptoglobin to be present. This serum did not have growth promoting
activity.

Fig. 14 F shows the Giardia growth response to medium containing
serum from a patient with ataxia telangiectasia. This serum had a
normal IgG content (12.8 mgm/ml1), but no IgA as determined by radial
diffusion. This serum supported only minimal growth.

Fig. 14 C and D show experiments where sera from 2 different
people with IgA multiple myelomas were substituted for normal serum
in M5 medium. The protein concentrations of these two sera were
approximately equal to the concentrations of normal serum controls.
The IgG content of # 1 was 11.3 mgm/ml and # 2 9 mgm/m1; both values
were determined by radial diffusion. There were, of course, unusually
high amounts of IgA in each of the two sera. Radial diffusion
readings for IgA in serum # 1 were off scale kgreater than 5 mgm/m1}:
and paper electrophoresis showed an unusually high spike for IgA in
serum # 2.

3. Experiments with normal human serum.

A sample of M5 medium in which Giardia had grown from lag to
stationary phase was freed of Giardia by centrifugation. This spent
medium was serially two-fold diluted and the dilutions tested for
reaction with specific antisera in Ouchterlony gel slides. The

antigens tested for were IgA, IgG, haptoglobin, albumin and transferrin.
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A sample of the original sterile M5 medium was tested for antigens in
the same manner. In 2 separate experiments there was no difference
between the spent and control media in the maximum dilution which gave
precipitation with any of the 5 antisera. These crude estimates
demonstrated that none of the 5 serum antigens was detectably depleted
from medium in which Giardia had gqrown.
A thick suspension of Giardia trophozoites, which had been

harvested from stock cultures, was sonicated extensively (3 minutes

at a setting of 50 on a Bronwill Biosonik, Bronwill Co., Rochester,

N. Y.). The clear sonicate was pipetted into the center well of an
Ouchterlony gel slide. Into the 6 surrounding wells, anti IgA,

whole serum, anti IgG, whole serum, anti albumin and whole serum were
pipetted in the order presented. The experiment was designed to

test for the presence of any of the 3 antigens inside Giardia and

for any non-specific anti-Giardia activity in normal sera. Further,
if there was anti-Giardia activity this experimental setup would
~show if that activity was in the IQA or IgG portion of normal serum.
The results, however, were negatfve. Precipitation lines occurred
onTy between whole serum and each of the specific antisera. The

éxperfment was repeated with the same results.

£. Change in Giardia Growth Response
Table 19 shows the growth response of Giardia in primary culture in
the same medium during 2 different time periods. During the 6/70 to 11/70

period the growth response in medium containing 1B in place of whole
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A sample of the original sterile M5 medium was tested for antigens in
the same manner. In 2 separate experiments there was no difference
between the spent and control media in the maximum dilution which gave
precipitation with any of the 5 antisera. These crude estimates
demonstrated that none of the 5 serum antigens was detectably depleted
from medium in which Giardia had grown.

A thick suspension of Giardia trophozoites, which had been
harvested from stock cultures, was sonicated extensively (3 minutes
at a setting of 50 on a Bronwill Biosonik, Bronwill Co., Rochester,
N. Y.). The clear sonicate was pipetted into the center well of an
Ouchterlony gel slide. Into the 6 surrounding wells, anti IgA,

whole serum, anti IgG, whole serum, anti albumin and whole serum were

. pipetted in the order presented, The experiment was designed to

test for the presence of any of the 3 antigens inside Giardia and
for any non-specific anti Giardia activity in normal sera. Further,
if there was anti Giardia activity this experimental setup would
show if that activity was in the IgA or IgG portion of normal serum.
The results, however, were negative. Precipitation lines occurred
only between whole serum and each of the specific antisera. The

experiment was repeated with the same results.

Change in Giardia Growth Response

Table 19 shows the growth response of Giardia in primary culture in

the same medium during 2 different time periods. During the 6/70 to 11/70

period the growth response in medium containing 1B in place of whole

*
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serum was 63 * 7% of controi, but during 1/71 and 2/71 the growth response
in medium containing the same 1B preparation was only 38 ¥ 3%, Giardia
growth response to media containing other G-200 Sephadex serum fractions
(Table 19) also dropped during the 1/71 to 3/71 period. Howevér, during
the 2 time periods there was no difference in growth response of the
protozoan in medium containing whole serum from pool 30 (see footnote
Table 19).

There were 2 possible explanations for this changed growth response:
one was that the strain of Giardia (designated 64R), which was used in
all the experiments described here and which was kept in serial culture,
underwent a change; the other was that the serum fractions, which had
been prepared from serum pool 30, had lost some activity during storage
at -20 C.

In October of 1970, 2 different serial subcultures were initiated
from strain 64R. One was established in medium cgntaining 1B + 3B in
place of whole serum, the other in medium containing 1B + 4x crystallized
human albumin. Each of these was carried through 8 serial subcultures
from 11/70 to 3/71 (see Tables 15 and 16) -- the same time period that
the primary Giardia (strain 64R) growth response to these same 1B and
3B pfeparations diminished. This indicated that the ability of these
preparations to support Giardia growth had not changed, and that the 64R
strain had indeed changed in serial culture.

In late 1968 and early 1969 several preparations of the 64R strain
were frozen in glycerol and stored at -70 C according to the method of
Meyer and Chadd (92). A few months after that, samples of these prepara-

tions were thawed and successfully established in stock culture, This
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work was done by Judy Chreist and E. A. Meyer (unpublished data).

After the change in Giardia growth response was observed attempts were
made to initiate cultures of these same frozen 64R strain organisms. In
16 attempts, now 2 years after freezing, 10 cultures did not grow, 3 were
grossly contaminated and 3 did grow. However, the 3 cultures that grew
had in common a low level bacterial contaminant which was gram +, coccoid
and anaerobic. HNo further attempts were made to initiate stock cultures

from the frozen 64R strain preparations.



DISCUSSION

A. Giardia Culture System
The 1970 paper by Meyer (11) is the only report in the literature of
the axenic cultivation of Giardia. There are, however, several reports
of monoxenic culture of the protozoan; these are discussed below.
Karapetyan has reported culturing Giardia trophozoites from man (9);
the culture was initiated in the presence of chicken fibroblasts and

Candida gulliermondii, but for continued growth of the flagellate only

Candida had to remain in the system. In a later report on this same
system (93}, Karapetyan measured the Giardié generation time to be 36
to 38 hours and the increase in cell number to be 10 to 14-fold (3 to 4
doublings).

Karapetyan also successfully cultured rabbit Giardia along with

Saccharomyces cerevisiae (10). He did not report generation time or

increase in cell number in this case, but did state that the peak concen-
tration in his cultures was 3 to 5 x 10° protozoa per ml. Roux and
Ecalle (94), studying Giardia from the rabbit in culture with S. cerevisiae,
reported generation times of 30 to 40 hours and 10 to 20 fold increases
in trophozoite number (3+ to 4+ doublings). Ecalle (95), studying these
same organisms in the same basal medium supplemented with pancreatic
Jjuice noted similar increases in the number of Giardia, but a shorter
generation time of 20 to 30 hours.

In the present work in which rabbit Giardia have been cultured in
the absence of other organisms in M5 medium containing whole serum, the

observed generation time was 18.1 * 1.6 hours, the number of doublings
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5.5 % 0.3, and the peak concentration 1 to 3 x 10° protozoa per ml.

These data are not directly comparable to the data collected by earlier
workers (9, 10, 93, 94, 95) since they used mixed cultures of Giardia

and yeast, medium different from M5 and, in one case (9, 93), Giardia
from man rather than the rabbit. The data obtained in the present study,
however, do indicate that Giardia grow vigorously and to relatively high
concentration in this in vitro system.

The visual scoring method developed in this work was shown to be a
reasonably accurate way of'determining Giardia tronhozoite concentration
during logarithmic growth phase, although somewhat less accurate than
electronic cell counting. The problem with the electronic counting
method was that the measurement of the organisms in a culture tube
required treatment such that the culture was no longer usable. The
visual scoring method permitted organisms in the same culture tubes to
be counted repeatedly during an experiment which greatly reduced the
number of culture tubes necessary for a particular experimental variable.
This reduction allowed for the study of a greater number of variables
within a given experiment than would otherwise have been possible, and

for a saving of materials - particularly prepared serum fractions.

B. Serum Fractionation Studies

The first serum fractionation experiment showed that all of the Giardia
growth promoting substance was non-dialyzable. This was necessary
information for fractionation experiments to follow, as all serum fractions

were equilibrated by dialysis with physiological Tris-buffered saline (bs)
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before incorporation into tést media. Since the dialysis membrane allows
only crystalloids or the relatively small molecules of serum to pass
through it (96}, this experiment demonstrated that the colloidal macro-
molecules of serum (viz. the proteins), and/or substances closely
associated with serum macromolecules, were responsible for promoting
Giardia growth,

The 50% ammonium sulfate precipitate of serum also retained all of
the growth promoting activity. However, of the 2 fractions created by
20% of saturation ammonium.sulfate treatment of the 50% precipitate, only
the 0-20% fraction (20P)} had growth promoting activity when substituted
for whole serum in M5 medium. G-200 Sephadex ultrafiltration of these
2 fractions (Fig. &) showed that there was no 7S peak material in the
20-50% fraction (20Su). This implicated 7S peak material, which is the
molecular weight range of 100,000 to 200,000 (97), as at least part of
the serum contribution to Giardia growth. The 20P fraction had only a
small amount of 4S peak material and the 20Su fraction a large amount.
The fact that the 20Su fraction enhanced the growth'response to the 20P
fraction when combined with it, suggested that 4S5 peak material was also
contributing to Giardia growth. Material in the 4S peak is of Tower
molecular weight than 100,000 (97).

These fractions were not subjected to further ammonium sulfate
precipitation as there was already a loss of growth promoting activity
as a result of the 50-20% double precipitation. Instead, whole serum was
studied by ultrafiltration through a membrane which had the specifications

of allowing the passage. of molecules of less than 100,000 molecular weight.
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The purpose of this procedure was to separate the 4S5 peak material from
the rest of serum. The G-200 Sephadex tracings of the 2 fractions created
by this procedure (Fig. 5) showed that 19S, 7S and 4S5 peak material was
present in each fraction. Since a qualitative separation was not achieved,
the 2 fractions were not further studied and the membrane was not used
further to separate growth components in serum.

G-200 Sephadex preparative treatment of the 50% ammonium sulfate
precipitate produced the fractions designated I (195 peak), II (7S peak)
and 11T (4S peak). The growth response of Giardia in medium containing
fraction II in place of whole serum was erratic, while the response to
medium containing II + III was consistently good. Fraction I was not
essential as demonstrated by the consistent growth response and the
successful subculture of Giardia in medium without it. However, in some
cases there was a small growth response of the protozoan in medium
containing only fraction I in place of whole serum. There was also a
slightly better growth response in medium containing I + IT + III than
in medium containing II + III. One explanation for this observation is
that the growth promoting substance in fraction II was also present in
fraction 1.

Attempts to study fraction II by DEAE cellulose treatment and
fractions II and III by G-100 Séphadex column filtration were non-
productive. DEAE cellulose treatment destroyed the growth promoting
activity in fraction 1I. G-100 Sephadex treatment excluded all of
fraction II and gave a single unimodal curve of fraction III (Fig. 8).
Since the G-100 Sephadex procedure gave no advantage in separation over

G-200 Sephadex it was not pursued.
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Each of the 3 G-200 Sepﬁadex fractions was now split in half. Of the
6 fractions tested singly in substitution for whole serum in M5 medium,
either 1B or 2A supported Giardia growth to approximately 65% of the
whole serum control. Combining the 2 fractions resulted in a growth
response of 89% of control. This was considered to be a good growth
response as there was a 10% loss of protein in the G-200 Sephadex filtra-
tion procedure (Table 10).

The reconstituted preparation of all 6 serum fractions yielded a
growth response (65%) lower than that obtained (89%) in medium in which
the only serum constituents were 1B and 2A. This suggested that something
in the other 4 fractions was growth inhibiting. Fraction 3B was eliminated
as the source of this inhibitory activity since medium containing 2A + 3B
gave better Giardia growth than medium containing 2A without 3B.

In fact, fraction 3B proved to be necessary for continued growth of
the flagellate, since primary cultures of Giardia in medium containing
1B, 2A or 1B + 2A could not be subcultured unless 3B was present in the
subculture medium. One explanation for this was that stock Giardia
had pooled enough material of the 3B type to undergo several divisions
during primary culture. When the pool was used up, however, the cells
could no longer grow (in subculture) unless more 3B material was available,

To show that Giardia could Be continuously cultured in medium
containing 1B + 3B substituted for whole serum, serial subcultures were
initiated. The first series was carried successfully through 3 cultures
before it was contaminated with bacteria. The second series was carried

successfully through 8 cultures before it was terminated. In the last
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culture of this series, the‘growth response dropped to 1.6 generations of
Giardia. Since the protozoa in the preceding culture underwent 3.4
generations, this represents a difference of 1.8 generations. There is
no ready explanation for this decreased growth response. It should be
pointed out, however, that it is not out of the range of observed random
differences from culture to culture. In Table 15 it can he seen that
there was a total of 26 generations of Giardia through 8 serial cultures
in this serum-substituted medium.

Giardia were also succéssfu11y serially subcultured in medium con-
taining 1B + commercial 4x crystallized human serum albumin. In this
single series of 8 cultures there was a total of 33.5 generations of
Giardia and the growth response of the last culture was no different
from (that of) the others. The average nﬁmber of protozoan generations
per culture (4.2) was approximately 80% of that in primary cultures in
medium containing whole serum. The generation time, 30 hours, was longer
-than the 18 hour generation time observed for whole serum primary
cultures. There was, however, a 4 fold increase in specific activity of
the serum substitutes over whole serum.

In order to show that the Giardia had not adapted to one or the
other of the 2 components of 1B+3B or 1B+4x substituted medium, sub-
cultures were attempted into medium containing 1B and 3B, respectively
(from cells grown in medium containing 1B + 3B) and 1B and 4x, respectively
(from cells grown in medium containing.lB + 4x). None of the media

supported Giardia growth,
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Subculture experiments have demonstrated that Giardia strain 64R from
the rabbit can grow continually in medium whose serum has been substituted
with 2 serum fractions, and that both of these fractions are necessary
for continued Giardia growth. The total protein of these 2 fractions
represents 20% of the total protein in whole serum. One fraction is in
the molecular weight range of 200,000 by virtue of its location between
the G-200 Sephadex 7S and 19S5 peaks, and the other is of lower molecular

weight.

C. Nature of the Low Molecular Weight Serum Component Contributing to

Giardia Growth

In growth studies with fractions prepared from the 3 whole G-200
Sephadex peaks, the supernatant S from 50% of saturation ammonium sulfate
precipitation could successfully replace fraction III in combination with
fraction II. In growth studies with fractions prepared from the 6 split
G-200 Sephadex peaks, 4x albumin could successfully replace fraction 3B
in combination with fraction 1B. So, components I1I, S, 3B and 4x
albumin all represent interchangeable and essential contributions to the
growth of Giardia, and all contain albumin. However, at least 3 of the
4 fractions also contain other materials.

Schultze and Heremans (97) have demonstrated that the 4S5 peak from
G-200 Sephadex gel filtration of whole serum (fraction II1I) contains
13 other substances besides albumin, and that the lower molecular weight
portion of that peak (roughly equivalent to fraction 3B) contains 9 other
substances. In the most definitive disc electrophoretic analysis (Fig. 13 b)
we detected 7 other ban&s in 3B besides the predominant albumin band. The

S fraction from a single 50% ammonium sulfate precipitation certainly
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ctontains other serum substaﬁces, although it too is primarily albumin
(98). The commercial preparation of albumin which had been recrystallized
4 times according to its specifications, may also have had contaminating
substances.

Dixon and Maurer (99) reported that their commercial preparation of
bovine serum albumin (BSA) contained a small percentage of bovine gamma
globulin. Linscott (100) reported that 7 commercial preparations of
rabbit serum albumin were all contaminated with BSA. In neither of these
studies were any other contaminafing substances tested for. The 4x
crystallized human serum albumin (HSA} preparation used in this study
was examined for contamination by other human serum components. A
10 mgm/m1 HSA solution was tested for the presence of the following
antigens: IgG, IgA, haptoglobin, transferrin, hemopexin, ceruloplasmin,
B lipoprotein, a-2 macroglobulin, a-1 antitrypsin and GC globulin. None
of these antigens was detected. The possibility of vet other substances
being present in the commerical HSA préparation is still possible,
since there are many other human and other animal serum constituents
we did not test for. Nevertheless, the results suggest that albumin
is the low molecular weight contribution of human serum to the growth of
the 64R strain of Giardia from the rabbit.

Albumin has been identified.as part or all of the serum contribution
to the growth of tissue culture cells (42, 49, 50, 51, 101), pathogenic
bacteria (21, 53), a Mycoplasma (63), a rickettsia (52) and 2 species
of the flagellated parasitic protozoan Trichomonas (54). Later studies
of some of these systems have shown that albumin (or substances closely

associated with it) may have any of several different functions.
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Ham (66) showed that linoleic acid, which is closely associated with
HSA, was the actual growth promoting substance for Chinese hamster cells.

In the case of Leptospira pomona (65) BSA that had been stripped of fatty

acids by extraction was itself necessary for growth along with oleic
acid. HNeither substance alone supported growth. Since the stripped
albumin could be replaced with starch it was considered to have an
adsorbing function in the growth medium. Oleic acid in the absence of
albumin was toxic to the leptospires. The albumin protected the cells
by adsorbing the oleic acid, and fed them by slowly releasing it. In

the case of Bordetella pertussis (53) albumin serves purely as a

detoxifying adsorbing agent for the fatty acids generated by the bacterium
in culture. Tritsch et al. (102) showed that hamster bowel carcinoma
cells in culture could take up and degrade HSA, and Reyser (103) demon-
strated that Sarcoma 180 cells in culture could do the same. In both
cases labeled amino acids initially in the albumin were incorporated into
cellular protein. However, both were short term studies done in media
that did not support continued cell growth.

These examples from the literature illustrate 3 functions of albumin:
a source of fatty acids, a detoxifying or adsorbing agent and a source
of amino acids. The last function is unlikely in the case of Giardia
since no depletion of albumin was detected from medium in which the
flagellate had grown and no albumin was detected in sonicates of the
protozoan. In both of these experiments albumin was tested for in
Ouchterlony gels with anti albumin antiserum. The dep]etion experiment

measurements were relatively crude as they were based on serial two-fold
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dilutions of medium. It is possible that a small amount of albumin
could have been depleted from the medium and gone undetected. It is
also possible that any albumin taken up by Giardia was degraded rapidly,
thereby leaving no detectable albumin antigen in sonicates of the
protozoan.

With respect to the possibility that albumin may be a source of
fatty acids for Giardia, Chen (104) has shown that there are 1.8 to 2.5
moles of fatty acid associated with each mole of the same brand of
commercial HSA used in thié study. Goodman {105) measured 1.8 moles of
fatty acid per mole of albumin in his HSA preparation. So, fatty acids
are commonly associated with HSA and might well be available for Giardia
in the growth medium.

It remains for further study to determine the role that albumin

plays in support of Giardia growth.

D. Nature of the High Molecular Weight Serum Component Contributing to

Giardia Growth

Primary cultures of Giardia strain 64R grew equally well in medium
containing 1B or 2A substituted for whole serum. Even better growth was
observed in medium containing 1B + 2A, 2x 1B or 2x 2A. These facts
suggested that a common growth promoting substance was distributed
between fractions 1B and 2A. Consequently, a search was made for
substances common to both fractions.

One disc electrophore<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>