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Summary. The immobilizing effect of normal guinea pig serum and some serum
fractions on P. aurelia is correlated with their haemolytic effect on sensitized
erythrocytes, indicating that the activity is due to complement. Complement
fixation tests were used to compare P. aurelia and T. pyriformis antigens. Com-
plement was found to be fixed by the external antigens of T. pyriformis but not
by those of P. aurelia. Breis formed by macerating both species of ciliate fixed
complement and cross-reactions between the two breis and the non-homologous
antisera were shown to occur. No difference, as shown by complement fixation tests,
was found between the internal antigens of two varieties of P. aurelia. The effect of
complement on the immune reactions involving P. aurelia and T. pyriformis and
their homologous antisera was examined and no lytic reaction at high dilutions of
the antisera was found.

INTRODUCTION

MUCH of the work done on the genetics of Paramecium aurelia by Sonneborn (I947) and
Beale (I954) has been carried out on antigenic characters. The immunological side of this
work has, however, lagged behind and for this reason the following study was undertaken.
The most obvious effect of the immune reaction in P. aurelia is immobilization of the

animals and for this reason little is known about the other effects. In the experiments here
described, complement fixation tests were used to detect the immune reaction. The action
of normal serum on P. aurelia was also investigated in some detail.
A comparison was made of the antigens found on P. aurelia and Tetrahymena pyriformis

with respect to their ability to fix complement in the presence of various antisera.

METHODS AND MATERIALS

The material used consisted of:

Paramecium aurelia, Variety I-serotypes Io3D and Io3G.
P. aurelia, Variety 5-Stock 63 (serotype unknown). The stock was grown at 320 C.

and designated 63X. For references to the nomenclature see Beale (I954).
Tetrahymena pyriformis, Variety i (Gruchy I955) serotypes WH I4 andWH 52. Antisera

to I03D, 63G and WH I4 were available.

A dried lettuce medium, extracted with water and inoculated with Aerobacter aerogenes
was used to culture P. aurelia and clones of T. pyriformis. Other samples of T. pyriformis
were grown on a sterile 2 per cent peptone medium at 320 C. Antiserum to the WH I4
strain was produced by injecting a rabbit with a total of4 million animals. Nine injections
were given intravenously. Two types of antisera were produced, one from animals grown
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on peptone (anti-14P) and the other from animals grown on the bacteria-lettuce medium
(anti-i4B). Margolin, Loefer and Owen (I957) have found differences in the immobilizing
antigens of T. pyriforrnis grown on the bactericidal and axenic media.
None of the reactants used in the complement fixation tests was found to be haemolytic;

that is, they were not found to cause lysis of the sensitized erythrocytes. However, most
of the strong breis used were to some extent anticomplementary, fixing complement in the
absence of antiserum. In these tests P. aurelia cultures were concentrated, unless otherwise
stated, to about a million organisms/ml. and T. pyriformis to between 4 and lo million
organisms/ml. Peptone cultures of T. pyriformis were used in the experiments owing to their
high concentration of animals and freedom from bacteria.

Before each experiment the activity of the fresh guinea-pig serum was tested by
incubation with sheep's erythrocytes, sensitized with rabbit antisheep serum. Serial
dilutions of the guinea pig serum were added to test suspensions of this haemolytic system.
The percentage of cells lysed in each tube, after incubation at 370 C. for 30 minutes, was
obtained by measuring the optical density of the free haemoglobin with an EEL colori-
meter and green filter. A graph was then drawn of the dilution of guinea pig serum used
against the percentage lysis obtained. From this graph was found the amount ofguinea pig
serum which would produce 50 per cent lysis of the erythrocytes when added to the
standardhaemolyticsystem. This 50 per cent unit is used as the arbitrary standard through-
out these experiments.

RESULTS

I. THE EFFECT OF COMPLEMENT ON THE IMMUNE REACTION OF P. aurelia
I03D AND T. pyriformis WH 14 (GROWN ON PEPTONE)

The test animals were placed in replicates of serial dilutions of their homologous
antiserum; I/I00-I/102,400 for the antiserum against P. aurelia Io3D; and I/I0-I/IO,240
for the antiserum against T. pyriformis. Eight complement dilutions, j-I /512 were used in
eight successive experiments.
The results showed that the addition of a dilution of complement, which by itself had

no effect on the animals, did not increase the titre of the antiserum. There was also no sign
of a new lethal zone in the higher dilutions of the antiserum. Where the complement
dilution used did have an effect of its own, there was no evidence that the titre of the anti-
serum was enhanced.
One cumulative effect was observed, however, in the case of T. pyrzformis, when the

conditions were close to lethal. The animals became completely immobile for several
hours, after which they were found to have formed rigid sheaths which retained their
shape even after the animals had made their escape.

2. THE EFFECT OF NORMAL SERUM ON P. aurelia AND T. pyriformis
Both species ofprotozoa were tested with serial dilutions offresh guinea pig serum. The

maximum effect of the serum was reached, in the case of P. aurelia, after two hours, while
the effect on T. pyrzformis was at its greatest within half an hour. Table i gives these
results, read at the maximum for each animal.

This lysis can be inhibited by heating the serum. However the swelling of P. aurelia in
the i dilution ofserum appears to be independent ofheating and thus must be due to some
factor other than the heat-labile complement.
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Immune Reactions oJ P. aurelia and T. pyriformis
TABLE I

THE EFFECT OF NORMAL GUEA PIG SERUM ON P. aurelia AND T. pyformis

Complement dilution
Animals used

|14 1/8 J/12 1/32 z/64 1/128 No C'

P. aurelia 1o3D .. .. ++ +++ +++ +++(+) ++
swelling

P. aurelia 63X . *. +++ +++(+) +++(+) ++ | -
si swelling

T. 1nformisWH I4P .. +++ +++ +++(+) ++ (+ -
lysis lysis swellingII

++++ Immobilized
+++ slight movement

Key to Table I and subsequent tables:

+ Impeded
+++ (+) Almost immobilized

++ Slow movement
(+) Retarded

It can be seen from Table i that T. pyriformis is more sensitive to normal serum than
P. aurelia. The titre is slightly greater and lysis of the T. pyriformis takes place.
The following experiments were designed to show that there is a correlation between the

presence of intact complement in the normal guinea pig serum and the immobilization
of the ciliates by the serum. Intact complement was demonstrated by its lytic effect on
suspension of sensitized erythrocytes.

Different components of complement were destroyed and the resulting serum fractions
were tested against P. aurelia. The two heat-labile components, C'i and C'2, of com-
plement were destroyed by heating at 560 C. Samples of the serum were immersed in a
water-bath for 5, io and 20 minutes at this temperature. P. aurelia were then tested for
immobilization in the presence of these serum fractions (Table 2).

TABLE 2

THE EFFECT OF HEAT ON THE ACTON OF coMPLEMENT ON P. aurelia

Complement dilution
Timec heated at 560 C.----____

1/1 1/2 1/4 i1/8 i/6 1/32

0 min. .... .. +++ +++(+) +++(+) ++

5mfll*min.| +++ +++(+) ++ | (+) -

iomin. - +++ +++(+) (+) - -

20min. .. .. .. +++ + (+)

The serum fractions containing C'3 +C'4; C' ±C'2 +C'3 and C'I +C'2 +C'4 were
prepared, following Kabat and Mayer (I948), the heat-stable components O'3 and C'4
being removed separately from the serum using Zymosan and Ammonia respectively.
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TABLE 3

IMMOBILIZING EFFECT OF VARIOUS SERUM FRACTIONS ON P. aurelia

Serum dilution
Serum fraction -----____

1/2 '14 I/8 I/I6 1/32 I/64

Complete serum (C') . +++ +++ +++(+) ++ + (+)
+

C'I,C 2, C'3+C I,C'2, C'4 +++ +++(+) + + ++ + (+)
+

C'3, C4+C'I, C'2, C'3 +++ +++(+) ++ (+) (+)
+

C'3, C'4+C'I, C'2, C'4 +++ +++(+) ++ (+) -
C'I, C'2, C4 .. .. +++(+) ++ (W+ -
C'I, C'2, C'3 * - + (+) (+) _
C'3, C'4 (heated lo min.) +++(+) + - -

The volumes of the various sera were the same (o i ml.) in each test and ten paramecia
of the Io3D serotype were added to each, using a micropipette. The haemolysis curves
for the serum fractions and mixtures are shown in Figs. I-3.
The results (Table 3) suggest that the immobilization of P. aurelia is caused by comple-

ment and is not merely a non-specific effect of any serum protein. The immobilization

I-

z
a

/256 1/64 1/32 1/16 1,
COMPLEMENT DILUTION.

1/2 1/l

FIG. I. The effect of heat on the complement of normal guinea pig serum.



Immune Reactions ofP. aurelia and T. pyriformis
titres of the various treated and untreated sera can be correlated with the amount of
haemolysis which each produces in the presence of sensitized erythrocytes.

3. COMPLEMENT FIXATION TEXTS

A. With P. aurelia
Using a concentration of 8oo,ooo/ml. of the Io3D serotype, a brei was produced. This

concentration was used as a control in an experiment to determine whether the specific
immobilizing antigens on P. aurelia, found on the surface of the animals, fixed complement
in the presence of the homologous antiserum. The result is given in 50 per cent units of
complement. The amount of complement fixed by the antigens was found by subtracting
the complement fixed by the animal alone from the total. This gives the amount fixed
specifically by the antigen-antibody complex (Table 4).

TABLE 4
COMPARISON OF AMOUNT OF COMPLEMENT FIXED BY THE INTERNAL AND EXTERNAL

ANTIGENS

No. of animals used: 8oo,000/ml. 400,000/ml.

State of animals Entire Brei Entire Brei

Units of complement fixed by animals alone .. -36 I 77 O-3I IO4
Units of complement fixed by animals with

anti-I o3D (P. aurelia antiserum) .. .. 0 0530
Units of complement fixed by animals with

anti-14P (T. yrzformis antiserum) .. .. o I O

Thus none of the external antigens of the io3D serotype fix complement in the presence
of the homologous antiserum. However, when the same number of animals are macerated
and the internal antigens exposed, a fair amount of complement is fixed even with the
non-homologous antiserum, anti- I 4P, which is active against T. pyriformis WH I 4 grown
on peptone.
A further experiment showed that there was no detectable difference, as revealed by

complement fixation, between the internal antigens of Variety i and 5. Breis made from
animals from both varieties were tested with both types of antisera. The results are
expressed here (Table. 5) as the amount of complement fixed specifically with anti-63G
(a Variety 5 antiserum) taken as a percentage of the amount fixed with anti-Io3D, the
Variety i antiserum.

TABLE 5
COMPLEMENT FIXED WITH ANTI-63G (P. aurelia) AS PERCENTAGE OF COMPLEMENT FIXED WITH

ANTI- I 03D (P. aurelia) BY VARIOUS Brei

Mean per cent Brei dilutions
Brei used anti-63Gxrooanti-I3D A/2 /4 I/8 I/I6

% ~% % % % %
103D .. .. .. 80 84 68 76 82 92
io3G .. .. .. 66 49 66 69 70 75
63X (ist sample) .. 66 55 66 69 84 58
63X (2nd sample) .. 76 93 88 88 92 50
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From these results it can be seen that, although the scatter is fairly wide (49-93 per
cent), there is no significant difference between the ratios of the amount fixed by the breis
using two different antisera. Thus there can be no significant fixation of complement
which involves the immobilizing antigens of io3D, otherwise the 'amount of complement
fixed using anti-Io3D would be greater and the percentage (anti-63G x Ioo/anti-i03D)

o
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COMPLEMENT DILUTION

FIG. 2. The effects of removing different components of complement as shown by
curves of haemolysis.

for Io3D would be smaller. Similarly if there had been a significant difference in the
internal antigens of63X, Io3D and Io3G, the percentages of the complement fixed by the
63 stock would have been higher than those of the I03 stock. In fact the overall percen-
tages, 73 per cent for stock 103 and 7I per cent for stock 63, show no such trend.
The actual difference in the amount of complement fixed with the two antisera using

the same brei seems to indicate that the anti-63G has about 70 per cent of the activity ofthe
anti-Io3D. This was borne out to a certain extent by using a Tetrahymena brei (52P) with
the two antisera. The percentage anti-63G x Ioo/anti-Io3D was found to be 6i per cent.

B. With Tetrahymena pyriformis
Similar experiments were carried out using T. pyriformis as the antigen. Here wide

cross-reactions are encountered between serotypes, and the immobilizing antigens are
much less specific than those found on P. aurelia (Margolin).
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Immune Reactions of P. aurelia and T. pyriformis 297

From Table 6 it can be seen that the amount ofcomplement fixed by P. aurelia antiserum
(anti-Io3D) is of the same order as that fixed by the T. pyriformis anti-I4B. The other
interesting point is the appearance of a prozone at the highest concentrations of the brei.
In this system the maximum amount ofcomplement is fixed when a concentration of about
a million macerated animals/ml. is used with a I/io dilution of antiserum.

It appears that anti-I4P is of greater activity than anti-I4B, anti-14B fixing only
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FIG. 3. The effects of removing different components of complement as shown by
curves of haemolysis.

TABLE 6
COMPLEMENT FIXED BY I4P Brei AND VARIOUS ANTISERA

NAumber of macerated animals/ml.
Antiserum used---_ _ _ _ _

_ _ _ _ _

5 X s06/ml. 2-5 X I06/ml. r-25 X Io/lml. 625,ooo/ml. 32,5001/ml.
Units of C' fixed by 14P animals

alone . .... 1-58 0-92 0-44 00 010
Units of C' fixed by I4P with anti-

I 03D (P. aurelia) . .. oI7 o80 I00 o-83 0-53
Units of C' fixed by 14P with anti-

14P (T. pyriformis) * .. 0-25 o-80 I-I6 1-07 0-17
Units of C' fixed by 14P with anti-

I4B (T. pynformis) * - o IO o-67 0-90 o-88 o o



78 per cent of that fixed by anti-I4P. The results obtained from the best antiserum (anti-
i4P) indicate that the P. aurelia antiserum fixes 84 per cent ofthat fixed by the homologous
antiserum.
From the figures in Table 7 there can be no doubt that complement is fixed by the

external antigens of T. pyriformis. The fixation of a small amount of complement with the
P. aurelia antiserum may be the result of a common antigen which is not picked up easily
in the P. aurelia material or is unable to fix complement when in association with other
P. aurelia materials. Another more probable solution is that a small number of the animals
lyse, freeing their internal antigens. However, this cannot explain all of the fixation, since
the anti-IO3D x Ioo/anti-I4P ratio has dropped from 84 to i6 per cent, indicating that the
homologous antiserum is much more active. This can only be explained on the basis of
most of the common antigens being inaccessible to both antisera.

TABLE 7
COMPLEMENT FIXED BY WHOLE ANIMALS (T. pyriformis) AND VARIOUS ANTISERA

Number of 541P animals/ml.
Antiserum used

5 o6/ml. 2-5 x1o6/ml. 125 xlo"/ml. 625,ooo/ml. 352,500/ml.

Units of C' fixed by I4P without
antiserum .. .. .. 044 o63 0°44 012 I 02 I

Units of C' fixed by 14P with anti-
103D (P. aurelia) 0. .. o 21 O*23 0*21 O*IO OI0

Units of C' fixed by I4P with anti-
I4P (T.pyriforms) * * * I 47 I 08 I *23 110 O.59

Units of C' fixed by 14P with anti-
I4B (T. pyriformnis) * * I *52 I*I4 I *23 0°95 O*54

Another point ofinterest arises when the action of the T. pyriformis antisera on the whole
animals is examined. The activity of anti-i4B is comparable with that of the anti-I4P
antiserum. This indicates that anti-14B contains poorer complement fixing antibodies to
the internal antigens but carries just as many to the external antigens.
A complement fixation test was run using WH 52 animals of T. pyriformis (grown on

peptone), which show a heavy cross-reaction with WH I4P animals as judged by their
agglutination with anti-I4P serum. It was found that small but significant amounts of
complement were fixed using whole animals (WH 52P) with anti-14P serum.

DISCUSSION

Unfortunately it proved to be impossible to obtain confirmation of Robertson's (I 939a)
results on the effect of complement on the immune reaction of certain serotypes of
T. pyriformis with their homologous antiserum. In these experiments complement was

added in dilutions which had no visible effect on the animals when used alone. However,
when added to serial dilutions of the antiserum, a new lethal peak was found at a high
dilution of the antiserum. The action of the antiserum alone at this dilution had no

perceptible effect, but when the complement was added, agglutination followed by lysis
of all the animals took place.
The failure in the present experiments to find lysis at high dilutions of the antiserum in

the presence ofcomplement may be due to several factors. The antisera were not prepared
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in the same way and the antisera produced were of a much lower titre than those which
Robertson used, although comparable with the titres obtained by other workers (Margolin,
Loefer and Owen). Further the T. pyriformis stocks were different. However, the formation
of tough, rigid sheaths round the animals was confirmed when both complement and
antiserum were added to the test animals. Similar experiments with P. aurelia stocks
were completely negative; mucus was extruded but no sheaths were formed.

It can be seen from the results that removal of part of the serum containing one com-
ponent of complement is sufficient to destroy both the immobilizing reaction and the
haemolytic effect. Thus it would appear that the immobilizing reaction of normal serum
is dependent on the presence of at least three fractions which correspond to those of
complement itself. It must be remembered, however, that this type ofimmobilization can
be differentiated from that caused by immune serum. Normal serum loses its im-
mobilizing capacity when heated to 560 C. for half an hour, while immune serum is
unaffected.
Turning to the complement fixation experiments, a clear-cut difference has been shown

to exist between the external antigens of P. aurelia and T. pyriformis, only the latter fixing
complement in the presence of homologous antiserum. This accentuates the differences
between the antigens on the two ciliates which have already been demonstrated by the
lack of a definite agglutination and sheath formation in P. aurelia when acted upon by
homologous antiserum.

It seems characteristic of breis that a definite prozone is formed when more than I-25
million T. pyrzformis/ml. are used with a i/io dilution of their antiserum or 250,000
P. aurelia/ml. are used with a I/5o dilution of their antiserum. These concentrations seem
fairly close to equal volumes of the actual material in the different breis. However, it must
be remembered when comparing the amount of complement fixed by the P. aurelia and
T. pyriformis breis that the antisera are not of the same strength, and while I/50 P. aurelia
antiserum and i//io T. pyriformis antiserum have relatively the same effect on their
respective animals, i.e. each can be diluted, serially, seven times before they lose their
effect on the whole animals, this is not a good criterion on which to judge the total con-
centration of the antibody involved in the reaction with the brei.
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