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) ACH stock, or strain, of Paramecium can produce a number of antigenic

< types or serotypes. Each serotype is immobilized by its homologous anti-
serum, but not by antiserum made against other serotypes. The complex cyto-
plasmic, genic, and environmental factors that determine which of the possible
serotypes is manifested in a given animal were discovered by SoNNEBORN (1948).
The inheritance of serotypes in Paramecium has been reviewed recently by
BeaLE (1957). Animals of each serotype contain a single characteristic protein or
immobilization antigen which is localized primarily in the cilia and body wall.
The specificity of most, if not all, of the immobilization antigens is determined
by the alleles at several different loci—one locus being responsible for the
specificity of each serotype. Since individual cells generally show only one sero-
type at a time, only one genetic locus comes to expression at a time. Within a
stock serotypic differences are determined either by the environment or by
cytoplasmic inheritance. In the first paper of this series (Preer 1959a) it was
shown how the immobilization antigens can be followed quantitatively in vitro
using antigen-antibody precipitation in agar gel. PrEer (1959b) has recently
shown how the antigens can be isolated chemically, and finally Preer (1959c¢)
gave an account of the properties of antigen A of stock 51, It was found that the
A antigen is a large asymmetric protein molecule with a molecular weight of
around a quarter of a million. The present and last paper of the series deals with
a comparative study of several of the immobilization antigens of syngens
(varieties) 2 and 4 of Paramecium aurelia. Serology, solubility in ammonium
sulfate, and, to a lesser extent, sensitivity to proteolytic enzymes have been
studied.

MATERIALS AND METHODS

Stocks of Paramecium aurelia, culture methods, the method of isolating the im-
mcbilization antigens, and serological methods have already been described
(PreEr 1959a; Preer and Preer 1959). A few points, as well as some special
methods, require comment.

Each stock of P. aurelia exhibits a series of serotypes designated A, B, C, etc.
When the serotypes of different stocks are compared, many are found to be
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indistinguishable or closely related. Within a syngen, all homologous serotypes
are designated by the same letter. Thus 51 A of syngen 4 (stock 51, serotype A)
is closely related to 29 A of syngen 4 and 51 B is indistinguishable from 29 B. The
serotypes in each syngen, however, have been given letter designations somewhat
independently of each other, and corresponding letters indicate homologies only
in certain cases. We have utilized serotypes A, B, C, D, E, G, H, J, M, and Q of
syngen 4, and also serotypes E and G of syngen 2. The two E serotypes are com-
pletely unrelated (do not cross react) while the two G serotypes are closely re-
lated. Since most of the work has been done on syngen 4, the letter designations
used in this paper refer to syngen 4, unless otherwise indicated.

In the serological technique of double diffusion in agar used here (PreEr 1956),
a layer of agar is established in a small tube with a layer of serum below the agar
and a layer of antigen above. Where the diffusing antigens and antibodies meet
within the agar, bands of precipitation are formed. The position of a given band is
dependent upon the relative diffusion coefficients and relative concentrations of
antigen and antibody. Since these are rarely the same for independent antigen-
antibody systems, each antigen usually forms a separate band.

The bands of precipitation formed when both heterologous and homologous
cross-reacting antigens are present in the antigen layer present a special problem.
In general, it can be expected that if the homologous antigen is sufficiently in
excess, it will absorb all the antibodies, and the heterologous antigen cannot form
a band of precipitation behind (nearest the antigen-agar interface) the band
produced by the homologous antigen. On the other hand, if the heterclogous
antigen is present in sufficient excess two bands of precipitation will be formed.
The first (farthest from the antigen-agar interface) will be produced by the
reaction of the heterologous antigen with those antibodies with which it can
combine, and the second will be produced by the reaction of the homologous
antigen with the remaining antibody.

The determinations of ammonium sulfate solubility were made as described
earlier (Preer 1959b, ¢). Animals of the appropriate serotype were extracted in
four volumes of one part 30 percent alcohol plus one part of buffered saline
(0.15 M sodium chloride in 0.01 M sodium phosphate buffer, pH 7.0) for one hour
at 2°C. The pH was reduced to 2.0 with 0.2 N HCI and the precipitate removed
by centrifugation at 25,000 G for three minutes. The pH was raised to 7.0 with
0.2 N NaOH and the precipitate again removed and discarded. Fractional precipi-
tation with ammonium sulfate was then carried out as follows. Sufficient saturated
(23°C) ammonium sulfate (pH 7.5) to reach the first desired level of saturation
was added. The precipitate was removed by centrifugation, washed in 75 percent
saturated ammonium sulfate, and redissolved in buffered saline. The supernatant
was then raised to a higher level of saturation by adding more saturated am-
monium sulfate, and the process continued until the desired final level of satura-
tion was attained.

Immobilization antigen was determined in each fraction quantitatively by gel
diffusion according to the procedure described earlier (Preer 1959a). The
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method is based upon the fact that, for constant antibody concentration, the posi-
tion of the band (measured as the distance from the antigen-agar interface to the
band, divided by the total agar length) is linearly related to the logarithm of the
antigen concentration. An estimate of total protein was obtained spectrophoto-
metrically using the method of WarBuRe and Crristian (1941). Values obtained
by the method of WarBuRe and Curistian were multiplied by the factor 0.85
as recommended by Prerr (1959c).

Tests for the action of proteolytic enzymes were made by exposing either
crude extract or purified antigen to the enzymes. After a suitable incubation
period, the mixture was added to antiserum, and then paramecia were added to
see if the antigen had absorbed antibody from the serum or whether its capacity
to react with antibody had been destroyed by the enzyme. The detailed procedure,
including appropriate controls, was as follows. Crystalline trypsin (Nutritional
Biochemicals Co.) was dissolved in 0.01 M tris (hydroxymethyl) aminomethane
buffer, pH 7.6, containing 0.04 M CaCl,. Four preparations were made in per-
forming a test: (1) Two parts buffer (2) One part enzyme, one part buffer
(3) One part antigen (containing about 300—400 micrograms per milliliter), one
part buffer (4) One part enzyme, one part antigen. Each of the four preparations
was incubated two to three hours at 37°C, and then to each was added two parts
of antiserum diluted with buffered saline. The antiserum was 25 times as strong
as the greatest dilution giving complete immobilization in one half hour. After
five minutes the mixtures were diluted by adding 36 parts of ten percent Ringer’s
solution and ten parts of a culture containing primarily animals of the serotype
being studied (homologous) as well as a few animals of a non-homologous
serotype. After one half hour the animals were observed under the microscope.
In all mixtures the non-homologous animals should be unaffected, showing that
the constituents are nontoxic. In preparation (1) the homologous animals should
be immobilized, demonstrating active specific antibodies. In mixture (2) animals
should be immobilized showing that the enzyme has no harmful effect on the
antibodies. In preparation (3) the animals should be unaffected, demonstrating
the activity of the unimpaired antigen in absorbing antibodies. In preparation
(4) the homologous animals are immobilized if the enzyme has destroyed the
antigen, thereby leaving the antibodies to react with the animals, and unaffected
if the antigen has not been destroyed by the enzyme.

Crystalline chymotrypsin (salt free, Nutritional Biochemicals Co.) was dis-
solved in 0.1 N sodium phosphate buffer, pH 7.6, and tests were conducted in the
same way as those on trypsin.

Crystalline pepsin (Nutritional Biochemicals Co.) was dissolved in 0.06 N HCL
The antigen preparations were adjusted to pH 2.0 with 0.2 N HCl. The usual four
preparations (see above) were made, using 0.06 N HCI in place of buffer, and
incubated in the usual way. Then each of the preparations was neutralized by
adding one part of 0.2 M Na,HPO, to two parts of each mixture. Serum, ten
percent Ringer’s solution, and animals were then added in appropriate amounts
taking into account the dilution introduced by adding the Na,HPO,.
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RESULTS
Serology

Purified immobilization antigens in buffered saline were adjusted to a concen-
tration of 85 micrograms per milliliter and double diffusion tubes were set against
both homologous and heterologous sera. Some of the tubes are shown in Figure 1.

Ficure 1.—Reactions of purified antigens with various sera. The top layer in each tube is the
antigen solution; the middle layer is agar and contains the precipitation zones; the bottom layer
is serum; a paraffin plug is visible at the bottom of some of the tubes. The eight tubes in each
figure were set with eight sera prepared against whole homogenates; the same eight sera were
used in each set; reading from left to right, they were (1) 51 A, (2) 51 B, (3) 51 C, (4) 51 D,
(5) 51 E, (6) 51 H, (7) 131 M, (8) syngen 2 E. a. Homologous reactions; each tube set with
the corresponding antigen. b. Complete specificity of the C antigen which was used in all tubes.
c. The B antigen was uszd in all tubes and cross-reacts only with the A and syngen 2 E sera in
tubes (1) and (8).
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Figure 1a shows homologous combinations. Since the sera were prepared against
homogenized whole animals, antibodies against many nonimmobilization
antigens were present. But since the antigen preparations were purified, only a
single band of precipitation is found in each tube. Figure 1b shows the 51 C
(stock 51, serotype C) antigen set against the same series of sera. 51 C is com-
pletely specific and reacts only with its homologous antiserum. Figure 1c shows
51 B set against the sera. In this case, in addition to the strong homologous
reaction, somewhat weaker bands are found with the 51 A and 4 E (syngen 2)
sera. It will be shown presently that these weak reactions are true cross reactions
caused by the reaction of the B antigen with antibodies against other serotype
antigens. In Table 1 the results of setting the antigens with a number of sera are

TABLE 1

Reaction of purified immobilization antigens with various sera in gel diffusion. Twenty-one sera
(designated by number in the first row of the table) prepared against the indicated
serotypes were diffused against each purified antigen. - indicates a
single band of precipitation; no entry indicates no reaction

C E H D J ™M A B Q syn.2E G
Antigens 24 64 17 54 58 61 74 123 75 78 43 81 56 110 45 119 117 132 149 116 28
C RN B, e e e e
E . b e e e e
H e U
D + 4+t o
J + ++ ++ ++ + Foe +
M e el + 4 e
A e e e e e e e ++ ++ + ++ + -
B + o ++ +4+ + ++ ++
syn. 2E Ll ++ 4+4+ 4+ ++ + +

given, All sera were from the collection of Pror. T. M. SONNEBORN except #132
and #149 which were prepared by the author. It is noted that each antigen
(except Q) was set against two sera prepared against each serotype, and that all
combinations were made. In the table, a -+ indicates that a band was obtained; no
designation means that no band was found. Homologous bands were invariably
more intense than heterologous bands. Inspection of the table shows that, on the
basis of the pattern of cross reaction, D, J, and M form one group, and A, B, Q,
syngen 2 E, and G form another, with C, E, and H separate from each other and
the groups. The arrangement of serotypes in the table has been made so as to
emphasize these relations. The evidence indicates that these groups consist of
serologically related antigens. A few cross reactions appear outside the groups
sporadically, but they are not sufficiently frequent to disturb the general scheme
of grouping.

Cross reactions can also be seen in immobilization tests, i.e., when animals are
treated with diluted antiserum. Table 2 contains the results of immobilization
tests on the same serotypes and sera given in Table 1. Immobilization tests were
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TABLE 2

Reaction of living paramecia with various sera in immobilization tests. Sera (same as those in
Table 1) were tested against paramecia of each serotype. -+ indicates immobilization
or strong retardation of paramecia in a dilution of 1/12.5 serum after
2 hours at 27°C; no entry indicates no reaction

Serotypes Sera
of ( E H D J M A B Q syn. 2F G
paramecia 24 64 17 54 58 0l 74 123 578 3 8l 50 110 45 119 117 1 t

" C L4 1 L e

E L e i i oSO UR
H e <l 4

D F o awBE ae & -

Ficure 2.

Serological analysis of the cross reaction between A and B. All six tubes are set
with B serum. Tube (1) is set with a low concentration of A antigen; tube (3) has a high concen-
tration of B: tube (2) has a mixture of the two, and contains only one band showing all the
antibodies can react with the homologous antigen. Tube (4) has a high concentration of A;
tube (6) has a low concentration of B. Tube (5) contains the mixture and shows two bands,
revealing that some of the antibodies may react with B.

performed as prescribed by SoNNEBorN (1950) and a + in the table indicates
that animals were either immobilized or markedly retarded in their swimming by
the serum in concentrations of 1/12.5 or less. It is noted that the cross reactions
are not all the same as observed in the gel diffusion tests, but that the same
general pattern is followed.

The cross reaction between 51 A and 51 B was chosen for special study. Each
gives a strong band with homologous serum and a weak band with heterologous.
Information about the nature of the cross reaction is obtained by setting mixtures
of the A and B antigens against the sera. Figure 2 shows the results of the tests on
serum S#45 (51 B). Tube (1) shows the relatively weak band produced by
using 47 micrograms per milliliter of the heterologous 51 A antigen. Tube (3) was
set with 425 micrograms per milliliter of homologous 51 B antigen and gives a
strong band lower in position. Tube (2) was set with a mixture containing 47
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micrograms of A and 425 micrograms of B per milliliter. Only one band is ob-
tained, showing that the concentrated B antigen has absorbed the antibodies from
the serum before it could reach the more dilute A,

When the ratio of A to B is reversed, a very different result is obtained. The
antigen layer of tube (4) contains 375 micrograms of A per milliliter and forms
a weak heterologous band near the center of the agar. Tube (6) contains 95
micrograms of B per milliliter and forms an intense homologous band just within
the agar. Tube (5) contains 375 micrograms of A per milliliter and 95 micro-
grams of B per milliliter and two bands appear. The heterologous A band forms
first, reacting with some of the antibody, and the remaining antibody, being
unable to react with the heterologous A, diffuses further into the agar and reacts
with B to form the characteristically intense homologous band. All these results
were obtained with anti-B serum. When the experiment was repeated with the
anti-51 A serum S#110, analogous results were obtained. One band is obtained in
mixtures in which the homologous antigen is in excess, two bands are obtained
when the heterologous antigen is in excess. These experiments show that sera
S#45 (B) and S#110 (A) have some antibodies which can react with the
heterologous as well as the homologous antigens, but that all antibody can react
with the homologous antigens. The data provide no evidence that cross reactions
are the result of small amounts of heterologous antigen present in the extracts
of each serotype. If the extracts from each serotype contained mixtures of
antigens, more than one band should be seen, but they are not. Instead, some of
the antibodies formed in response to one antigen can also react with closely
related antigens.

Solubility

Solubility of the antigens in ammonium sulfate was determined in one experi-
ment by measuring the amount of antigen precipitated from acid treated extracts
(see above). Ammonium sulfate was added until the solution reached 38 percent.
saturation. The precipitate was removed, redissolved, and assayed for immobiliza-
tion antigen (using gel diffusion) and protein (spectrophotometrically). The
ammonium sulfate concentration was now increased stepwise to 47 percent, 56
percent, 65 percent, and 74 percent, the precipitates being assayed for antigen and
protein at each step. One half to two milliliters of packed cells were used for each
extraction, and fractionations of antigen from each serotype were done in dupli-
cate on separate cultures of animals. Al serotypes within a stock were recently
derived from the progeny of one animal. The results are shown graphically in
Figure 3. The determinations of the amounts of antigen and protein in each frac-
tion are given in percent of the total in all five fractions. It is noted that the data
on antigen are very closely paralleled in every case by the data on protein. There
is a tendency for the protein to exceed the antigen in fractions in which there is
only little antigen (particularly in the higher ammonium sulfate concentrations),
and a corresponding tendency for the measure of antigen to exceed protein where
antigen is high. This discrepancy would be expected if the major protein were
the antigen, and if a small amount of contaminating protein is also present.
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It should be noted that the parallel between antigen and protein is maintained
even when duplicate runs do not agree, and even when different antigens with
different solubilities are studied.

The data of Figure 3 also show that the solubilities of the different antigens
are different. The discrepancy between duplicate runs seen in certain cases
results from the very great differences in antigen solubility in ammonium sulfate
solutions of only slightly different concentrations. A very steep curve results
when solubility is plotted against ammonium sulfate concentration (See Preer
1959¢ for a solubility curve for antigen 51 A). As a result, great differences in
duplicate runs can be seen if one of the five levels of ammonium sulfate concen-
tration used here happens to be critical for a given antigen. 51 A is a good
example, for in the antigen concentrations used in the experiments, 38 percent
saturation is critical. A very small change in solubility or in ammonium sulfate
concentration can result in the precipitation of virtually all of the antigen, or in
most of it remaining in solution. It is seen that 51 A, 51 B, 4 G (syngen 2), and
4 E (syngen 2) show the lowest solubilities. 51 H is slightly higher, 51 D and 131
M are next highest, and 51 C and 51 E are still higher. Extensive data other than
those shown in Figure 3 on the solubility of immobilization antigen from cilia,
and on both crude and purified antigen from whole homogenates, confirm and
extend these conclusions. Four and possibly five solubility groups are found.
(1) 51 A, 51 B,51 Q, 4G (syngen 2), and 4 E (syngen 2) constitute one group;
(2) 51 H is slightly, but significantly different; (3) 51 D, 29 J, and 131 M
constitute another group; (4) 51 C and 51 E are the most soluble, and there are
indications that 51 C is slightly more soluble than 51 E. The data given above on
cross reactions parallel these findings remarkably well. The serotypes in group
(1) are all serologically related; those in group (3) are also related; while 51 H,
51 C and 51 E are unrelated.

Sensitivity to proteolytic enzymes

The method of conducting the tests is described above. Antigen was assayed
by its ability to absorb or block immobilization antibody and thereby prevent the
immobilization of paramecia. Enzymatic activity was demonstrated if the enzyme
was able to prevent antigen from reacting with immobilizing antibody. Appro-
priate controls indicated that the sera did contain active immobilizing antibodies,
that the unimpaired antigen was able to absorb antibodies, that the enzymes did
not destroy the antibodies, and that no substances injurious to the living animals
(other than specific antibody) were present in the test. Controls were satisfactory
even when the enzymes were used in concentrations as high as 0.2 percent in the
incubation mixtures.

In one experiment 51 D antigen #35 (237 micrograms per milliliter, purified
from a homogenate after overnight extraction at 2°C) was completely inactivated
in three hours in 0.2 percent trypsin, and partially inactivated in 0.05 percent
trypsin. 0.2 percent trypsin was able to destroy 51 D in numerous other experi-
ments. Inactivation (usually complete) was obtained not only in purified antigen,
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but in antigen in ciliary extracts, and in crude extracts of whole homogenates,
either freshly prepared, or after overnight extraction. The 51 D antigen #35
was completely destroyed in concentrations as low as 0.05 percent chymotrypsin,
and was partially inactivated in 0.01 percent. Chymotrypsin proved very active
on various other antigen preparations. Pepsin was even more active than
chymotrypsin; complete inactivation of antigen #35 was obtained in 0.0015
percent pepsin, and partial inactivation at even lower concentrations. Other
purified and crude antigen extracts were tested in pepsin concentrations of 0.05—
0.01 percent pepsin and were completely inactivated. Tests showed that pepsin
acted very quickly, the stronger concentrations destroying the antigen in minutes.

Antigen 51 A was also inactivated by chymotrypsin and pepsin. However,
unlike 51 D, it was not inactivated by trypsin even in the highest concentrations
used (0.2 percent). The resistance to trypsin was observed in purified prepara-
tions as well as in fresh extracts of homogenates. Other serotypes were not tested.

DISCUSSION

The serological analysis of the cross reaction between the 51 A and 51 B
antigens reveals that although all of the immobilization antibodies in each serum
can react with their homologous antigen, a portion can also react with the heterol-
ogous antigen. BaLBinner and Preer (1959) reached the same conclusion in a
study of the cross reacting serotypes G and E of stock 28, syngen 2. The other
cases of cross reactions were not similarly tested. Nevertheless, since no more
than one band was produced in any gel diffusion tube, it is probable that the re-
maining cross reactions are of the type analyzed, rather than being caused by a
mixture of immobilization antigens. Consequently the reaction of antibody
against one antigen with a heterologous antigen is evidence of structural simi-
larity of the molecules. Antigens may thus be placed into related groups: (1) A,
B, G, Q, and syngen 2 E; (2) D, J, and M. The other antigens studied, C, E, H,
are unrelated. The exceptional cross reactions in gel diffusion may be ascribed to
a more remote relationship, and to the variability of rabbits in responding to
similar molecules. Discrepancies between the cross reactions of gel diffusion and
those of immobilization tests are not surprising in view of the fact that the
activity of serum is only partly correlated with its activity in immobilization
(Finger 1956). The explanation for this fact is unknown, but possibly is ex-
plained by differing efficiencies of antibody in these two activities. This same
phenomenon may also explain the greater variability of immobilization cross
reactions as compared to gel diffusion cross reactions. The possibility of immobili-
zation reactions dependent on antigens other than the usual (antigen 4) family
of immobilization antigens is perhaps worth consideration. The only other soluble
ciliary antigen known, however, is antigen 5 (Preer 1959b), and a serum
(P#183) against purified antigen 5 does not immobilize.

The grouping of antigens given here can be supported on other grounds. D and
M in some cases (MarcoLIN 1956) can coexist in single animals, constituting an
exception to the rule that the different serotypes found in homozygous lines are
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mutually exclusive. Somewhat related to this situation is the relative ease of
transformation of one type into another. 51 H when brought from 12°C to 27°
often transforms to D and J and often to D through J (SCHNELLER, personal
communication). Serotypes G and E of syngen 2 fall into the same cross reacting
group and are easily transformed one into the other. AustiN et al. (1956 and
personal communication) report that when various serotypes are treated with the
antibiotic patulin and other agents, transformation is to B, A, N, and Q—all
cross-reacting types. Such facts must be interpreted with caution, however, for
all types in stock 51 go to A at high temperatures. Furthermore within one
related group, A and syngen 2 E are more stable at high temperatures, while B
and G are stable at low temperatures.

The solubilities of the antigens in ammonium sulfate parallel the groupings
based on cross reactions remarkably well. The relation between A, B, Q, G, and
syngen 2 E is confirmed, as well as the relation between D, J, and M. Even the
fact that H, C, and E are unrelated to other types is suggested by the data on
solubility.

The data reported here provide very strong evidence that the immobilization
antigen, the antigen observed in gel diffusion, and the protein are all identical,
and have indeed been purified. The experiments on proteolytic enzymes reinforce
the conclusion that the antigens are proteins and show that the different antigens
(D and A) may differ in their response to trypsin.

The different immobilization antigens are similar substances. They are all
represented in the cell in about the same quantity, have about the same cellular
distribution and diffusion coefficients, and are purified by the same procedures.
They are similar in their unusually strong ability to induce antibody in the rabbit.
Furthermore, their parallel cellular distributions and other properties suggest
that their function, whatever it may be, is probably very similar in all serotypes.
Nevertheless in some respects many of the immobilization antigens are very
different—some show no serological cross reaction, they may have markedly
different solubilities in ammonium sulfate and different sensitivities to trypsin.
What these differences mean in terms of molecular structure, whether they
reflect fundamental differences in amino acid sequence or in more gross patterns
of cross-linkage and folding, is unknown. Since the differences in the antigens
result from the expression of different genes, further elucidation of the nature of
the differences between the antigens should yield information on the role of genes
in determining protein structure.

SUMMARY

The immobilization antigens from different serotypes of Paramecium aurelia
are closely related but distinct proteins. While many of the antigens are com-
pletely specific, others show cross reactions with other immobilization antigens.
Such cross reactions are caused by the fact that although all of the antibody
elicited by a given antigen can react with that antigen, some of it also can react
with other serotype antigens. The pattern of cross reactions provides a means of
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grouping related antigens. The immobilization antigens also differ in ammonium
sulfate solubility. Furthermore, the pattern of solubility parallels the groupings
based on serolcgical specificity. The antigens differ in their sensitivity to trypsin.

ACKNOWLEGMENTS

The author is indebted to J. A. MukLLER, B. Rupman and L. B. PreEr for
technical assistance, and to T. M. SoNnweBoORN for making available his laboratory
facilities and collection of antisera.

LITERATURE CITED

Austin, M. L., D. Wipmaver, and L. WaLkER, 1956 Antigenic transformation as adaptive
response of Paramecium aurelia to patulin; relation to cell divisicn. Physiol. Zodl. 29:
261-287.

BaLBINDER, E., and J. R. PreEr, Jr., 1959 Gel diffusion studies on serotype and serotype trans-
formation in Paramecium. J. Gen. Microbiol. In press.

Beare, G. H., 1957 The antigen system of Paramecium aurelia. Intern. Rev. Cytol. 6: 1-23.

Finger, 1., 1956 Immobilizing and precipitating antigens of Paramecium. Biol. Bull. 111:
358-363.

Marcorin, P., 1956 An exception to mutual exclusion of the ciliary antigens in Paramecium
aurelia. Genetics 41: 685-699.

Preer, Jr., J. R, 1956 A quantitative study of a technique of double diffusion in agar. J.
Immunol. 77: 52-60.
1959a Studies on the immobilization antigens of Paramecium. I. Assay methods. J. Immunol.

In press.

1959b Studies on the immobilization antigens of Paramecium. II. Isolation. J. Immunol.
In press.

1658¢c  Studies on the immobilization antigens of Paramecium. III. Properties. J. Immunol.
In press.

Preer, Jr., J. R., and L. B. Prerr, 1959 Gel diffusion studies on the antigens of isolated cellular
components of Paramecium. J. Protozool. 6: 88-100.

SonnNeBorN, T. M., 1948 The determination of hereditary antigenic differences in genically
identical Paramecium cells. Genetics 34 : 413-418.
1950 Methods in the general biology and genetics of Paramecium aurelia. J. Exptl. Zool.
113: 87-148.

Warsure, O., and W. Curistian, 1941 TIsolierung and Kristallisation des Garungsferments
Enolase. Biochem. Z. 310: 384-421.



