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The host cell penetration factor (PEF) of Toxoplasma gondii was studied by bio-
chemical and immunological techniques. Sephadex gel filtration of an ammonium
sulfate-precipitated PEF yielded two components with different molecular weight,
but both having penetration-enhancing activity. The methods for purification re-
moved at least 99.9%o of extraneous protein. For demonstration of a significant en-
hancement of penetration, 0.001 Ag of protein was sufficient. Biochemically, they ap-
peared to be acid proteins with the same electrophoretic mobility. Both components
showed maximal enhancement of penetration at pH 7.6 and 37 C. PEF antisera
reduced the penetrative capacity of Toxoplasma parasites. The penetration-enhanc-
ing effect of the two components of PEF was inhibited by antiserum against any of
them. Moreover, immunologically identical immunoprecipitates were obtained when
antiserum reacted with the two components. The results thus indicated that the two
components of PEF were immunogenically identical and that the difference in
molecular weights might result from aggregation. Immunofluorescence indicated that
PEF was related to cytoplasmic structures located in the anterior end of Toxoplasma.
A possible relation between these structures and the paired organelle or the convo-
luted tubes was discussed. The number of parasites with immunofluorescence was
low shortly after host cell penetration and increased during the intracellular life of
the parasites after kinetics, previously observed for synthesis of PEF as well as for
lysosomal activity of Toxoplasma.

Toxoplasma gondii contains a factor important
for the penetrative capacity of the Toxoplasma
trophozoites (11, 15). The factor, extractable from
suspensions of parasites, seems to be of an enzy-
matic nature, probably of lysosomal origin (14,
15). It is spent by the parasites during the process
of penetration, exerting its effect upon the host-
cell wall, and again synthesized during the intra-
cellular life of the parasite (13). If added to
parasite inocula, it increases the virulence for mice
of various Toxoplasma strains (12). In the present
report, the penetration-enhancing factor (PEF) of
Toxoplasma is studied by means of immunological
and biochemical techniques.

MATERIALS AND METHODS
Toxoplasma parasites. The RH strain of T. gondii

was used in all experiments. Parasites were collected
from the peritoneal cavity of Swiss albino mice on the
3rd day after intraperitoneal infection. Suspensions of
parasites, free from exudate fluid and from most of the
peritoneal cells, were prepared according to a tech-
nique described previously (10). These suspensions
were used as test parasites in the assays of parasite
penetration and as inoculum for cell cultures.

Test for assaying penetration of Toxoplasma para-
sites. The cell culture technique used was described
previously (10). Materials to be tested or Hanks
balanced salt solution (BSS) were mixed with test
parasites and inoculated into test cultures. After
incubation at 37 C for 19 hr, the cultures were read in
a phase-contrast microscope. The quotient between
the number of Toxoplasmna parasites that had pene-
trated host cells and the number of exposed cells was
determined and this quotient X 100 is referred to as
the relative number of infective units (RNIU).

Parasite-infected suspension cell cultures. HeLa
suspension cell cultures containing 2.4 X 108 cells in
200 ml of Eagles minimal essential medium for suspen-
sion cultures (Grand Island Biological Co., Grand
Island, N. Y.) with penicillin and streptomycin (100
units and 100,tg, respectively), double amounts of
amino acids, and 10%o human dye-test negative serum
were used. A cell culture was inoculated with 25 ml
of a suspension of Toxoplcasmiia parasites containing
2.5 X 106 parasites per ml and incubated at 37 C for
48 hr. Cells and extracellular parasites were then
sedimented by centrifugation at 400 X g for 20 min,
suspended in 35 ml of BSS, and inoculated into two
suspension cultures which were incubated at 37 C for
2 days. The 70-ml amount of cell-parasite suspension
obtained was used as inoculum for another four
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cultures. This second passage resulted in a 140-ml
suspension of parasite-infected cells and extracellular
parasites and was used for extraction of the PEF.

Extraction of PEF. The technique for extraction of
PEF has been described in detail previously (15).
Briefly, the material was frozen and thawed three
times, sonically treated for 15 min, and centrifuged at
20,000 X g for 45 min. The supernatant obtained was
incubated at 37 C for 1 hr and centrifuged at 80,000 X
g for 45 min to remove substances inhibiting PEF.
After dialysis against distilled water for 4 hr, the
material was lyophilized and stored frozen at -90 C.
The lyophilized PEF was dissolved in BSS (2.2 mg of
protein per ml). This was considered a standard
solution of PEF and submitted to fractionation and
other biochemical treatments of PEF. All preparatory
work with PEF was performed at temperatures below
5 C.

Gel filtration. Sephadex G-200 (Pharmacia, Upp-
sala, Sweden) was used. The column size was 90 by
2.5 cm and the flow rate was 5 ml per 50 min. A 5-ml
amount of BSS, containing ammonium sulfate-
precipitated PEF, was added to the column and eluted
with BSS. Fractions of 5 ml were collected, and the
extinction at 280 nm was measured in a Beckman DB
spectrophotometer. Each fraction or pool of 2 to 6
fractions was tested for PEF.

Isotope labeling of HeLa cells. To a 200-ml HeLa
suspension cell culture, 500,uCi of tritium-labeled
glycine (glycine-2-T, data sheet 7631, The Radio-
chemical Center, Amersham, England) was added,
and the culture was incubated at 37 C for 48 hr. The
cells were sedimented by centrifugation at 440 X g
for 20 min, resuspended in 17.5 ml of BSS, and sub-
sequently mixed with 17.5 ml of a parasite-cell sus-
pension from a parasite-infected culture incubated and
treated as described above. PEF was extracted from
the preparation, precipitated with ammonium sulfate
(30% saturation), and gel filtered. During the prepara-
tory work, samples were drawn and the radioactivity
was assayed in a Packard liquid scintillator after
mixing 0.5 ml of the sample to be tested with 9.5 ml
of Brays solution (2).

Treatment with trypsin and phenol. Three milliliters
of a 2.5% solution of crystallized trypsin (Boehringer
& Soehne GmbH, Mannheim, Germany) in phos-
phate-buffered saline (pH 7.6) was mixed with 1.5 ml
of PEF and incubated at 37 C for 3 hr. The treatment
with phenol was performed by mixing 1.5 ml of an
80% (w/w) solution of phenol with 1.5 ml of PEF and
incubating the mixture at 37 C for 3 hr. The bottom
phase obtained after centrifugation of the phenol-
treated PEF at 1,100 X g for 30 min and the trypsin-
PEF mixture were both precipitated twice with 30%zo
saturated ammonium sulfate. The precipitates, then
obtained, were dissolved and tested for residual PEF.
BSS mixed with trypsin or phenol was treated as
described above and served as controls, as did PEF
twice-precipitated with ammonium sulfate.

Protein determination. Quantitative protein de-
termination was performed by the technique described
by Lowry et al. (9).

Antisera. Antisera were prepared by immunization
against various fractions of gel-filtered PEF (Table 4).
The volume of each fraction was adjusted to 10 ml by
dialysis against polyethyleneglycol. In addition, an
anti-HeLa cell serum was prepared by immunization
with a suspension of homogenized HeLa suspension
cells. One rabbit and 12 white rats were injected with
the fractions of PEF. All animals were bled before the
immunization and the preimmune sera obtained were
tested for absence of dye-test and Toxoplasma comple-
ment fixation (CF) antibodies. The animals received
various numbers of intramuscular and intraperitoneal
injections (Table 4), each consisting of portions of the
antigen and Freunds complete adjuvant (Difco) and
100,4g of polyI-polyC in 0.1 ml of saline (3; Micro-
biological Associates, Bethesda, Md.). The injections
were given with 2-week intervals, and the animals
were bled by heart puncture 1 week after the last in-
jection. The sera were tested with dye tests, CF tests,
immunofluorescence, gel diffusion, and Toxoplasma-
penetration assays. If not otherwise stated, the sera
were used diluted 1:2 in BSS and inactivated at 56 C
for 30 min.
Dye test. Dye tests were performed by the method

of Sabin and Feldman (16) with the modification
described by Strannegard (17). The final dilutions of
the sera were 1:2.5,1 :10, and 1:50.
CF tests. The sera were tested for CF antibodies

against 4 CF units of an antigen obtained from
Toxoplasma-infected hen's eggs. A guinea pig serum
was used as source of complement and was diluted
1:55. The sera were diluted 1:4, 1:8, 1:16, and 1:32
(final dilutions).

Immunodifiusion tests. Double diffusion in gel was
performed by the micromodification of Wadsworth
(18). In the immune electrophoretic studies, the
technique described by Wadsworth and Hanson (20)
was used. Electrophoreses were run for 45 min with a
field strength of 5 v per cm. Photographic registration
was made with Polaroid panchromatic film reproduc-
tion (19).
FA test. The indirect fluorescent-antibody (FA)

technique was used. HeLa cells cultivated for 24 hr
in Leighton tubes were each inoculated with 106
parasites in 1 ml of BSS. After various times of incu-
bation at 37 C, the cover slips were removed, washed
in BSS, air-dried, and fixed in acetone for 10 min at
room temperature. Samples of the parasite inoculum
were prepared by air drying 0.15-ml amounts and
fixing in acetone as above. In all experiments, a rabbit
anti-PEF serum was tested. The samples were incu-
bated for 30 min with the serum, washed five times in
saline, and incubated for 30 min with a fluorescein
isothiocyanate-conjugated, dye-test negative, anti-
rabbit globulin of sheep origin (Progressive Labora-
tories, Baltimore, Md.), diluted 1:2 in saline. After
five washings in saline, the samples were counter-
stained in Evan's Blue, 1:10,000 in distilled water,
washed in running tap water, dried, and mounted in
Elvanol. A dye-test positive serum from rabbit and a
preimmune serum were used as controls. To exclude
any subjective influence of the reader, series of ex-
periments were performed on coded samples.
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RESULTS

Purification of PEF. Standard solutions of PEF
were subjected to ammonium sulfate precipita-
tion and gel filtration. To 1.8 g of lyophilized
PEF, containing 220 mg of protein and dissolved
in 100 ml of BSS, 15 g of crystallinic ammonium
sulfate was added to give a saturation of 25%.
The precipitate formed was sedimented by
centrifugation at 1,100 X g for 10 min, and the
supernatant was carefully pipetted off. The sedi-
ment was dissolved in 5 ml of BSS. Two more
precipitates formed at a saturation of 30 and 35%
of (NH4)2SO4, respectively, were collected from
the standard solution and dissolved as described
above. The dissolved precipitates and the re-

sulting supernatant were all dialyzed against BSS
for 4 hr and then tested for content of PEF and
protein. All activity of PEF was found in the
precipitate formed at 30% saturation. This ma-

terial contained less than 3% of the initial pro-
tein concentration (Table 1).
The precipitate formed with 30% saturated

ammonium sulfate was gel filtered on Sephadex
G-200. The fractions collected were tested for
adsorption at 280 nm and for penetration-en-
hancing activity. The PEF was found in two
distinctly separated peaks (designated 1 and 2)
not coinciding with any of the major peaks of the
spectrophotometry (Fig. 1).

This pattern was encountered in all of a great
number of batches of PEF processed. It was there-
fore interpreted as indicating the presence of two
components with different molecular weights,
both with an enhancing effect on the penetration
of Toxoplasma parasites, and it seemed as if these

TABLE 1. Purification of penetration-enihanicing
factor (PEF) by ammonium sulfate precipita- O

tion and gel filtrationa

Protein PPA per

Sample lrconcn ml of PPA per Ag
(pg per ml) undiluted of protein

sample

PEF (standard
solution)........ 2,200 3,480 1,58

Precipitate 59 3,384 57.36

Peak 1 1.5 3,312 2,208.00

Peak 2 1.8 3,368 1,871.11

a Protein contents of a standard solution of
PEF, the precipitate formed at 30% saturation
with (NH4)2SO4, and samples corresponding to
the two peaks of activity obtained by gel filtra-
tion were assayed. Aliquots of the samples were
then diluted 1:80 and tested for penetration-en-
hancing effect. The penetration-promoting ac-

tivity (PPA) per milliliter of undiluted sample and
per microgram of protein was determined.

Fraction No.

FIG. 1. Gel filtration of PEF. RNIU values (0)
and optical density at 280 nzm (X) of 5-ml fractions
eluted from a Sephadex G-200 column. RNIU value of
the BSS control (A) is plotted at the right ordinate.

TABLE 2. Efficacy of purificationi of penetration-
enhancing factor (PEF) by ammonium sulfate

precipitation and gel fItrationa

Material Amt Counts per Per cent(ml) minute

PEF extract.... 20 6,439 i 147 100
(NH4)2SO4 pre-

cipitate........ 5 1,455 i 17 6.02
Peak 1 ........... 5 22 + 0.8 0.07
Peak 2........... 5 8i 0.1 0.02
B SSb ... 3
Bray's solution.. 3

aRadioactivity in counts per minute of PEF ex-
tracted from a mixture of Toxoplasma-infected
HeLa cells and cells labeled with tritiated glycine,
the (NH4)2SO4 precipitate of such an extract, two
fractions (peak 1 and 2) obtained by gel filtration,
and the diluents used is given. Results are ex-
pressed as mean values + a- based on four assays
and in per cent of the activity of the untreated
extract.
bHanks balanced salt solution.

components constituted only a very small part of
the protein content of the PEF standard solution.
Moreover, purification of PEF resulted in a near
100% increase in penetration-enhancing activity
(Table 1). Peak 1 and peak 2 contained less than
0.2% of the proteins present in the standard
solution of PEF, whereas the penetration-pro-
moting activity per microgram of protein was in-
creased about 2,500 times.

Table 2 demonstrates, in another way, the
capacity of the purification methods to remove
the extraneous protein. HeLa cells incubated with
tritium-labeled glycine were mixed with HeLa
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FIG. 2. Estimation of molecular weight of PEF.
RNIU values (0) and optical density at 280 nm (X)
of 5-ml fractions obtained by gel filtration of human
serum mixed with PEF.

TABLE 3. Effect ofphenol and trypsin on
penetration-enhancing factor (PEF)Z

Additive
to test Treatment RNIU5

parasites

BSS 49.3
BSS Trypsin + (NH4)2SO4 49.7
PEF (NH4)2SO4 64.7
PEF Trypsin + (NH4)2SO4 49.7
BSS Phenol + (NH4)2SO4 48.4
PEF Phenol + (NH4)2SO4 48.7

a After treatment of PEF with trypsin or phenol,
it was precipitated with (NH4)2SO4 and assayed
for penetration-enhancing effect. Balanced salt
solution (BSS) was used in controls.

b Relative number of infective units.

cells infected with Toxoplasma. PEF was ex-
tracted, and samples were drawn from the ex-
tract before ammonium sulfate precipitation,
from the dissolved precipitate obtained with 30%
(NH4)2S04, and from peaks 1 and 2 eluted from
the Sephadex column. The results indicated that
the combination of ammonium sulfate precipi-
tation and Sephadex chromatography reduced the
amount of HeLa cell proteins containing glycine
to less than 0.1% of that found before fractiona-
tion of PEF.
Some physico-chemical characteristics of PEF.

Results of gel filtration of a mixture of 2.5-ml
samples of ammonium sulfate-precipitated PEF
and human serum suggested a molecular weight
of the peak 1 component ranging between those
of immunoglobulins M and G (700,000 to

RNI U

33 31 29
Temperature (C)

FIG. 3. Temperature optimum of PEF. A standard
solution ofPEF was fractionated by Sephadex chroma-
tography; the peak 1 (0) and peak 2(0) fractions
were tested for penetration enhancement at various
temperatures. RNIU values obtained for these groups
and for the BSS controls (A and *, respectively) are
plotted against itcubation temperatures.

1,000,000), whereas the peak 2 component ap-
peared to be of an order of magnitude between
that of immunoglobulin and the albumin, i.e.,
within 70,000 to 150,000 (Fig. 2).
The findings that treatment with trypsin or

phenol destroyed the activity of PEF strongly
supported the view that PEF was of protein in
nature. In the experiments, PEF was incubated
with 1.25% trypsin or 80% phenol for 3 hr. To
remove the trypsin and phenol after the treat-
ments, PEF was precipitated with ammonium
sulfate before the assays in cell cultures (Table
3).
Peak 1 and 2 materials were tested for the

stability of the penetration-promoting effect at
various temperatures and pH levels as well as
optimal temperature for penetration enhance-
ment. No difference was found between the two
components, both showing maximal stability at
pH 7.6 and increasing instability at temperatures
above 37C, i.e., in these respects they did not
differ from the PEF of nonpurified extracts (11).
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TABLE 4. Antigens anid animals usedfor preparation of immiune sera

Antigen Injections (im)b Injections (ip)b
_________________ - Protein Animal Designation

(pg/ml) Animal of antiserum
Designation Material" No. Vol. No. Vol.

(ml) (Ml)
I Fractions eluted before peak 1 10-25 Rat 3 1 4 1 A

II Peak 1 15-35 Rat 3 1 4 1 B
III Fractions eluted between peak 15-40 Rat 3 1 4 1 C

1 and peak 2
IV Peak 2 10-30 Rat 3 1 4 1 D
V Fractions eluted after peak 2 20-55 Rat 3 1 4 1 E
VI Pool of peak 1 and 2 20-55 Rabbit 2 2 3 2 F
Vii Homogenized HeLa cells 50 Rat 3 1 4 1 G

a Each antigen was mixed with Freund's complete adjuvant and 100,ug of polyl-polyC.
b Antigens were administered by intramuscular (im) or intraperitoneal (ip) routes.

TABLE 5. Effect of antiisera on the enhancement of the Toxoplasma pelletrationla

RNIU values of antiserumb
Antigen used

A B C D E F G BSS

II 68.3 53.1 67.9 51.8 68.1 52.8 68.3 68.2
IV 67.3 52.2 68.8 53.0 68.0 52.1 68.6 68.2
VI 69.4 53.0 68.9 53.4 67.5 50.8 68.5 67.2
BSS 51.5 52.1 51.8 51.9 51.7 52.1 51.9 51.8

a Antigen and antiserum were mixed and incubated for 1 hr at room temperature; the mixtures added
to test parasites were inoculated into cell cultures. Antigens II and IV were used in dilution 1:1,250,
antigen VI in 1:2,500, and the sera in 1:2. Dilutions were made with balanced salt solution (BSS).

b Penetration of Toxoplasma is assayed by the relative number of infective units (RNIU), and en-
hancement is revealed by increased values relative to those of the control, in which antigen or antiserum
(or both) is replaced by BSS.

At temperatures below 37 C, both peaks gradually
lost their activity; at 25 C, no penetration en-
hancement was seen (Fig. 3).

Effect by PEF antisera on the host cell penetra-
tion of Toxoplasma. The antigens used and the
immunization schedule for preparation of anti-
sera are described in Table 4. Preimmune sera as
well as antisera were tested by dye tests and CF
tests. None of these tests showed presence of anti-
bodies against Toxoplasma.

Subsequently, the antisera were tested for
content of antibodies against PEF. As antigens,
the highly potent fractions II (peak 1) and IV
(peak 2) were used, separately or in combination
(VI). The antigens diluted is BSS and the antisera
were allowed to react for 1 hr at room tempera-
ture, and the mixtures were then added to test
parasites and inoculated into test cultures.
Table 5 demonstrates that the penetration-en-

hancing effect of the antigens could be removed
by the homologous antisera (B, D, and F) and,
in addition, that the inhibiting antisera cross-
reacted with all of the three enhancing antigens.
As antigen VI was a combination of II and IV,

the results suggested an antigenic similarity be-
tween these two antigens. Neither the antisera
against antigens I, 111, V, or VII nor the preim-
mune sera showed inhibiting effect on the en-
hancement of the Toxoplasma penetration. In a
following experiment, antisera B and D were
serially diluted and the dilutions were tested for
inhibiting effect on antigens II and IV. In agree-
ment with the results mentioned above, it was
found that the sera inhibited both antigens to the
same extent (Fig. 4).
The antisera B and D were also found to be

inhibitory to the penetration of ordinary para-
sites, not stimulated by addition of PEF. In three
experiments, test parasites were incubated with
serum for 1 hr before the inoculation into test
cultures. Table 6 shows that the penetrative
capacity of the parasites incubated with the anti-
sera B, D, or F was reduced, whereas this could
not be demonstrated when the other antisera or
the preimmune sera were tested. Moreover, ad-
dition of the inhibiting antisera to test cultures
19 hr after the inoculation of the test parasites
resulted in a markedly reduced penetrative capac-

282 NORRBY INFEC. IMMUN.



PENETRATION-ENHANCING FACTOR OF T. GONDII
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TABLE 6. Effect of antisera on the penetration of
Toxoplasma parasitesa

0* a

0

a

a

0

0

a

1:2

Expt

1

2

3

1:4 1:8 1:16 1:32 1:64

Dilution of serum

FIG. 4. Cross-reactions between anti-PEF sera.

Antigen II (open symbols) or IV (dark symbols) was

mixed with various dilutions of antiserum B (circles)
or D (quadrates), inicubated at room temperature for
I hr, mixed withl test parasites, and inoculated into test
cultures. RNIU values obtained are plotted against
serum dilutions. Controls (BSS, A, antigen II, O,
and antigeni IV, X; withlout serum) are plotted at the
ordinate.

ity of parasites then released in the cultures by
bursting host cells (Table 7). The observations
were interpreted as indicating that activity of PEF
was important for the normal penetration of the
Toxoplasma parasites.

Diffusion-in-gel studies. The preparations of
PEF obtained by Sephadex chromatography, an
HeLa cell homogenate, antiserum F prepared by
immunization of a rabbit with antigen preparation
VI, and a rabbit Toxoplasma hyperimmune serum
with a dye-test titer of 1:16,000 were studied with
the double diffusion-in-gel technique. The anti-
gens were used in a concentration correspond-
ing to 50 times the one of the PEF standard
solution, and the antisera were used two times
concentrated. Immunoprecipitates were demon-
strable testing antiserum F against the antigens
II, IV, and VI. No precipitates appeared with
any of the other antigens tested or the Toxo-
plasma hyperimmune serum (Fig. 5). The pre-
cipitates obtained showed a complete coales-
cence, forming one continuous precipitation line.
Thus, preparations II, IV, and VI seemed to con-

tain one and the same precipitinogen which was

absent in the other preparations and which did
not originate from HeLa cells. Antibodies against
this precipitinogen were not present in a Toxo-
plasma hyperimmune serum in a concentration
detectable by means of the technique used. These

RNIU values of serumb

Designation

A
C

E
G
BSS

B
D
BSS

F
BSS

Preimmune

ND

ND
ND
ND
49.3

51.8
51.9
51.6

53.5
52.5

Immune

52.8
52.0
53.6
52.1
49.3

37.3
37.6
51.6

36.7
52.5

a Test parasites and serum, diluted 1:2 in Hanks
balanced salt solution (BSS), were mixed, incu-
bated for 1 hr at room temperature, and inocu-
lated into test cultures. Parasites mixed with BSS
or preimmune serum were used as controls.

I Penetration of Toxoplasma is assayed by rela-
tive number of infective units (RNIU). ND, not
done.

TABLE 7. Effect of antisera on the penetrationz of
Toxoplasma parasites produced in the infected

cell culturea

R'NIU values atb
Additive

19 hr 25 hr

Hanks balanced salt solution 51.2 92.2
Preimmune serum (B) ... .. 51 .2 93.1
Preimmune serum (D).. 51 .0 92.8
Preimmune serum (F).... 51.7 90.5
Antiserum B ................. 51.1 67.1
AntiserumD ............... 51.2 69.7
Antiserum F ......... 51.5 65.1

a Nineteen hours after inoculation of parasites,
an antiserum, preimmune serum, or Hanks bal-
anced salt solution (1:2 dilution) was added to the
cultures.

b Penetration was assayed by relative number of
infective units (RNIU) determined at 19 and 25
hr after inoculation of the cultures.

results were consistently obtained with several
batches of antigen studied. In immunoelectro-
phoresis, one antigenic component with a mobility
between the 82 and y globulins was demonstrable.
The precipitinogen migrated at the same rate as
PEF, suggesting a molecular identity between the
two (Fig. 6).

Immunofluorescence studies. Attempts to lo-
calize the particular structures of the Toxoplasma
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FIG. 5. Diffusion-inl-gel studies of PEF. Immunio-
precipitates obtained when anitigen I-VII (see Table 4)
were tested againist antiserum F or a Toxoplasma
hyperimmunie serumn (HS). All antisera were used 2X
concenitrated. Phiotograiphic registrationz was performed
on the 3rd day.

parasites associated with PEF were done by means
of the indirect FA technique, by using the rabbit
antiserum F. Cover slips with parasite-infected
HeLa cells, incubated for various times, were
fixed, incubated with antiserum and, subse-
quently, with a fluorescein isothiocyanate-conju-
gated antirabbit globulin. Fixed parasites of the
inoculum used for infecting the cell cultures were
treated in the same way. Samples incubated with
preimmune serum, Toxoplasma hyperimmune
serum, or BSS instead of antiserum F were used
as controls.

Parasites incubated with anti-PEF serum
showed a specific immunofluorescence, entirely
different from that observed with the dye-test
positive serum (Fig. 7). With the use of Toxo-
plasma hyperimmune serum, the fluorescence was
restricted to the pellicle of the parasite. With
antiserum F, on the other hand, both parasites of
the inoculum and those inside infected cells re-

FIG. 6. Gel electrophoresis of PEF. PEF was
added to two circular basinis i)t ant agar gel, and electro-
phoresis was run for 45 miii with a field strength of 8 v
per cm. Anti-PEF serum was added to a rectanigular
basin cut out below onte of tlhe anttigeni basins. On each
side of the other anztigent basini, 10 3-mm pieces were
cuit out, eluted in BSS, anzd tested for penetrationi-
enihanzcing activity. The RNIU values assayed are
plotted againist the electrophoretic motility of the
immunoprecipitinogen in the PEF preparationi. The
RNIU value of the BSS conitrol is plotted at the
ordiniate.

vealed small cytoplasmic fluorescent spots in the
anterior end of the parasites if studied within 4 hr
after the inoculation. These spots were also seen
in parasites released from cells bursting after 24 hr
of infection, but then the parasites showed, in
addition, fluorescence of the membrane in the
anterior end and cytoplasmic structures resem-
bling the paired organelles.
The appearance of immunofluorescence in the

parasites in relation to the stage of infection is
recorded in Table 8. The percentage of parasites
showing immunofluorescence decreased shortly
after the inoculation but increased again with the
time of incubation, reaching the 75% level at 24 hr
after infection of the cell cultures. With the
Toxoplasma hyperimmune serum, almost all
parasites demonstrated the characteristic staining
of the pellicle independently of when they were
observed during the infection.

DISCUSSION
Trophozoites of T. gondii, a protozoon re-

cently classified as a member of the Eimeriina, a
suborder of Eucoccidia (5, 7), multiplies by endo-
dyogeny inside a living host cell. In a series of
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papers (10, 11, 13-15), a factor has been studied
which is synthesized by the parasites and which,
by acting upon the wall of the host cells, facilitates
the penetration into the host cells.

In the present paper, attempts were made to
associate the PEF with a structural component of

FIG. 7. Immunofluorescence of Toxoplasma para-
sites. Toxoplasma-inifected cell cultures, incubated for
24 hr, were fixed in acetone, incubated with 5X con-

celntrated antiseruim F (a, b) or with a Toxoplasma
hyperimmune serum from rabbit (c) and, subsequently
with a fluorescein isthiocyaniate-conjugated anitirabbit
globulin diluted 1:2. X 1,500.

the trophozoites by means of the FA method. To
achieve this, a specific antiserum had to be pre-
pared by immunization with a satisfactorily
purified antigen of PEF. As pointed out previously
(11, 15) PEF seems to be a protein with an enzy-
matic activity. In accord with the proteineous
nature of PEF, its effect on parasite-host cell
interaction disappeared after treatment with
phenol or trypsin. It could be precipitated with
(NH4)2SO4, and it migrated electrophoretically as
a slightly acid protein. Like most enzymes, it was
active in very small amounts. In fact, fractions
obtained by Sephadex chromatography which
were biologically highly active demonstrated
spectrophotometrically minute, if any, amounts of
protein. Therefore, it had to be anticipated that
although preparations of PEF demonstrated a
marked penetration-promoting activity, they
contained little of PEF in substance. It was also
found that, shortly after the addition of PEF to
cultured cells, its penetration-promoting activity
disappeared (13), indicating that PEF was used
on contact with cells. Against this background,
the difficulties encountered in evaluation of the
purification of PEF and its seemingly low im-
munogenicity were explicable.
By means of a combination of (NH4)2SO4

precipitation at 30%', saturation and a subse-
quent Sephadex G-200 gel filtration, two prepara-
tions of purified PEF were obtained. More than
99.9% of the extraneous protein, present in the
original solutions of PEF which were obtained
as extracts of Toxoplasma parasites, were removed
by these procedures although the penetration-
enhancing activity was increased about 2,500
times. Less than 0.001Og of protein of these
preparations was required to give demonstrable
enhancement of the penetration.
The chromatography indicated that the pene-

tration-enhancing activity was associated with at
least two different components, one of which
seemed to have a molecular weight between 70,000
and 150,000 and the other about 10 times larger.
However, in both cases 37 C was found to be the
optimal temperature for enhancement of the
penetration, and no difference between the two
components with regard to thermal inactivation
or pH stability was observed. Moreover, the im-
mune sera prepared by immunization with the
two fractions of PEF showed cross-reactivity
which indicates capacity to inhibit enhancement
of penetration; tested in double diffusion in gel,
the fractions themselves were found to contain
only one and the same antigen. As, in addition,
the same electrophoretic mobility was found for
this precipitinogen and PEF, the results suggested
that the difference in molecular weight between
the components might be the result of aggregation
of PEF.
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TABLE 8. Inmmunofluorescence of parasites at different stages of ilnfectiona

Immunofluorescence atb
Reactant- _____-__________________

0 hr 0.5 hr 1 hr 2 hr 4 hr 24 hr

Antiserum F ........................ ++ + + ++ ++
Preimmune serum (F) ..............
Toxoplasma hyperimmune serum..... +++ +++ +++ +++ +++ | -+++
Hanks balanced salt solution ....... _ _

a Parasites of the inoculum and parasite-infected HeLa cells were incubated with antiserum F, pre-
immune serum, Toxoplasma hyperimmune serum, or Hanks balanced salt solution and, subsequently,
with a fluorescein-conjugated antirabbit globulin.

b Immunofluorescence was recorded as (i) meaning fluorescence in less than 10%, (+) 10 to 25%,
(++) 25 to 75%, and (+++) in more than 75% of the parasites.

When used in indirect immunofluorescence
studies, an anti-PEF serum reacted with Toxo-
plasma trophozoites being stained according to a
pattern clearly distinguishable from that ob-
tained with a Toxoplasma hyperimmune serum.
With the anti-PEF serum, small cytoplasmic
structures of the anterior end of the parasites were
stained. Particularly in parasites which had re-
mained intracellular for 24 hr, the structures
stained resembled the paired organelles or the
convoluted tubes. It is in this context of interest
that these structures have been suggested by
Gamham et al. (5) to have a secretory function.
Likewise, a secretory function effective during
penetration has been attributed to structures lo-
cated in the anterior end of malarian merozoites
(1, 6, 8). We have previously reported (14) that
lysosome-like bodies of Toxoplasma seemed asso-
ciated with the capacity of penetration of the
parasites. It is possible that the same structures
studied in the latter report were studied with the
FA technique used in the present report. In both
cases, the results indicated that structures located
in the anterior end of the parasites were asso-
ciated with the penetration of the host cells and
the synthesis of PEF.
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