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SUMMARY

Tumor homograft-enhancing
activity was found to be widely distributed
in subcellular particulate fractions prepared from Sarcoma I ascites cells but was essentially
absent from the soluble fraction. It was most concentrated
in the fluffy layer, but, be
cause of the relatively large mass of the nuclei, about half of the total activity of the
cells was present in the nuclear fraction.
A procedure for extracting enhancing activity from a particulate fraction prepared
from ascites tumor cells was developed. Active extracts contained three components
separable by electrophoresis
at pH 9.2. The fastest-moving
component could be
eliminated by incubating the particulate fraction with ribonuclease.
Although the influence of the isoantigens of
killed tissues (enhancing antigens) in promoting
the survival of tumor homografts
is now well
established
(5, 12), knowledge of the chemical
nature of the antigens is still fragmentary. Studies
of their stability characteristics
indicate that they
are labile to protein denaturing
agents and to
dilute solutions of sodium periodate, properties
consonant with those of a protein-carbohydrate
complex (6). While the antigens were previously
shown to be present in particulate components of
cells (6, 11), their distribution within the cell was
not determined.
The present report deals with the intracellular
distribution
of enhancing antigens and with the
development of a procedure by which the antigens
can be extracted from a particulate
fraction of
ascites tumor cells.

MATERIALS

AND METHODS

The source of the antigens in all experiments
was cells of an ascites form of Sarcoma I indigenous
to strain A mice. The test for enhancing activity
utilized mice of strain B10.D2 (a C57BL/10 subline) as hosts and 0.1 ml. of undiluted Sarcoma I
ascites tumor fluid inoculated subcutaneously
as
the graft. Sarcoma I regresses in all but 5 per cent
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of untreated mice of the B10.D2 strain. Tumor
homograft-enhancing
activity was assayed by a
procedure previously described (6), wherein the
measure of enhancement induced is the number of
treated host mice dying as a result of progressive
growth of the tumor. In this test system enhance
ment is probably due entirely to an antigenic com
ponent or components
determined by the histocompatibility-2
locus.
Isolation of subcellular fractions.â€”Disruption of
the cellular membranes of the ascites tumor cells
represented a major problem. Homogenization
in
cold glycerol (13) was difBcult, and in our hands
many intact cells remained. A method involving
lysis with cold distilled water (7) appeared to give
more satisfactory results. Although it is probable
that some mitochondria
were also lysed by this
procedure (9), no evidence for the disruption of
nuclear membranes was found. All operations were
carried out at 0Â°-4Â°
C. Washed ascites cells freed
of red blood cells (4) were homogenized briefly in
a Potter-Elvehjem
homogenizer with 2 volumes of
distilled water. Eight more volumes of distilled
water were added, and the cells were allowed to
stand for 30 minutes. Nuclear, mitochondrial,
and
microsomal fractions were prepared from separate
aliquots of the lysate.
Nuclei were sedimented
from a medium ob
tained
by adding concentrated
solutions
of
sucrose and calcium chloride to the lysate to final
concentrations
of 0.25 M and 0.005 M, respectively.
The suspension was underlaid with 0.0002 M CaCl->
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and 0.34 M sucrose and centrifuged at 700 g1 for
20 minutes (3). The supernatant fluid was dis
carded, and the sediment was resuspended in 0.25
M sucrose containing 0.005 M CaCl2 by gentle
homogenization. The suspension was underlaid
and centrifuged as above. The entire procedure
was repeated a third time, after which the nuclei
were suspended in 0.14 MNaCl and centrifuged at
1000 g to yield the final nuclear fraction. Although
examination with a phase contrast microscope
showed the nuclei to be relatively free of whole
cells (less than 3 per cent), small pieces of cyto
plasm were found attached to many of the nuclei.
Mitochondria and the fluffy layer were sedimented from 0.44 M sucrose by centrifugaron at
13,000 g for 10 minutes after first removing nuclei
by centrifugation at 700 g for 10 minutes. The
fluffy layer was separated from the mitochondria
by gentle swirling with 0.44 M sucrose (9) and re
covered from the resulting suspension by centrifu
gation at 13,000 g for 10 minutes. Both the mitochondrial fraction and the fluffy layer were washed
once more with 0.14 M NaCl, with centrifugation
as before.
Microsomes were obtained by sedimentation
from 0.25 M sucrose, 0.005 M MgCU, 0.025 M KC1
at 105,000 g for 1 hour after first removing larger
particles by centrifugation for 30 minutes at
20,000 g (8). Suspension and resedimentation were
repeated 3 times; the last time 0.14 M NaCI was
used as the suspending medium. All fractions were
lyophilized and stored in the deep freeze until
tested for enhancing activity. The soluble fraction
(supernatant fluid after removal of microsomes)
was dialyzed for 36 hours against distilled water
before lyophilization.
Extraction of enhancing activity.â€”The usual
starting material in experiments aimed at extract
ing the antigen in soluble form was a particulate
fraction of ascites tumor cells. Washed tumor cells
free of red blood cells (125 ml. packed cells) were
suspended in 2 volumes of distilled water and
homogenized for 2 minutes at top speed in a
Waring Blendor. After centrifugation for 30 min
utes at 48,000 g the supernatant fluid was dis
carded and the sediment again homogenized in the
Waring Blendor for 1 minute with 100 ml. of dis
tilled water. When DNA2 was to be removed, 5
mg. of deoxyribonuclease (Worthington 2 X crys
tallized) and MgCl2 to .025 M were added to the
homogenate, and the mixture was stirred in a
covered Erlenmeyer flask with a magnetic stirrer
1All centrifugal forces are average.
2The abbreviations used are DNA (deoxyribonucleic acid),
DNase (deoxyribonuclease), RNA (ribonucleic acid), and
RNase (ribonuclease).
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for 1 hour at room temperature. The sediment ob
tained by centrifuging the mixture for 30 minutes
at 48,000 gÃ¬
was washed twice with 1 MNaCl, once
with 0.14 MNaCl, and finally with distilled water.
For each wash, the sediment from the receding cen
trifugation was suspended by homogenization with
a glass homogenizer and centrifuged at 48,000 g
for 30 minutes. When the DNA was to be retained
with the particulate fraction, incubation with
DNase was omitted, and the sediment obtained
by centrifuging the second Waring Blendor ho
mogenate was washed 3 times with 0.14 M NaCl
and finally with distilled water. The preparations
were lyophilized and stored in the deep freeze. To
extract lipides from the lyophilized preparations,
the dry powder was poured into 10 volumes of
cold acetone ( â€”¿
20Â°C.). After the acetone suspen
sion had warmed to room temperature it was cen
trifuged, and the sediment was extracted once
with ether and dried in vacuo for 1 hour at room
temperature.
Attempts to solubilize the enhancing antigens
with detergents or with n-butanol were carried out
in the following manner: A portion (120 mg.) of
the dried particulate fraction was homogenized in
a glass homogenizer with water or salt solution.
The detergent or butanol was added to the result
ing suspension, to give a final volume of about
10 ml., and the mixture was stirred, either at
room temperature or in the refrigerator. After
the appropriate time interval the mixture was
centrifuged at 105,000 g for 1 hour or longer at
room temperature.
The supernatant fluid was poured into 10 vol
umes of cold acetone, and the resulting precipitate
was washed with ether and dried in vacuo. The
extract from 120 mg. of particulate fraction was
suspended in 18 ml. of saline, 2 ml. of this suspen
sion was diluted to 20 ml., and each of the suspen
sions was used to treat ten mice. In some experi
ments the extracted residue was also tested for
enhancing activity. RNA, DNA, hexosamine, and
nitrogen were determined by methods described
previously (6). Electrophoresis in free solution of
acetone-precipitated extracts was carried out in a
Perkin-Elmer Model 38 A apparatus with a 6-ml.
cell.
RESULTS
Intro/cellular distribution.â€”Enhancing activity
was found associated with all the particulate frac
tions isolated from the cells but was essentially
absent from the soluble fraction (Table 1). The
fluffy layer was particularly active, and the microsomal fraction also had a high level of activity
when dosage was based on the nitrogen content of
the fraction. However, a large part, crudely esti-
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mated at 50 per cent, of the total activity of the
cell was present in the nuclear fraction, which con
tained 73 per cent of the total nitrogen found in
all the particulate fractions. There appeared to be
some correlation between the concentrations of
hexosamine and enhancing activity in the nuclear,
mitochondrial, and fluffy layer fractions. In the
microsomal fraction, however, the concentration
of enhancing activity was high, while the concen
tration of hexosamine was relatively low.
Extraction of the antigens.â€”The search for a
medium capable of effectively extracting the an
tigens was carried on in eight different experi
ments. The data from one such experiment are
shown in Table 2. In addition to the agents shown,
the effects of repeated freezing and thawing (5
times) and of 1 and 5 per cent solutions of sodium
deoxycholate were examined. Negligible amounts
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of activity were extracted with distilled water or
0.1 M potassium phosphate buffer, pH 8. Extrac
tion with sodium dodecylsulfate resulted in the
loss of almost all activity: the extracted residue,
like the extract, retained only neglible activity.
Repeated freezing and thawing or extraction with
sodium deoxycholate resulted in the solubilization
of a relatively small portion of the activity. While
extraction with butanol or Triton solutions was
always the most effective procedure, the amount
of activity extracted with these agents varied con
siderably from one experiment to another. After
several attempts to increase the effectiveness of
extraction with butanol, this technic was aban
doned, and efforts were concentrated on a study
of the factors influencing extraction with Triton.
Extraction was more effective at pH 9 than at a
lower or higher pH (Table 3). Presumably, the

TABLE1
ENHANCING
ACTIVITY
OFSUBCELLULAH
FRACTIONS
OFSARCOMA
I-A

FractionWhole

Hexosacent
cent
out of
of total
mine/mg.
of total
mg.N68810101dying
0.3 mg.N784109(Iten
0.03 mg.N5ÃŽ0920Per
nitrogen100.021.80.6492.570.
nitrogen16.029.023.057.015.07.0No.0.7*
dying60604097703

cellsNucleiMitochondriaFluffy
layerMicrosomesSolublePer
iPR.

* Dose administered.

TABLE 2

EFFECTIVENESS
OFVARIOUS
MEDIAIN THE
EXTRACTION
OFENHANCING
ACTIVITY
injectedWhole

Muterini

lowered activity in extracts obtained at higher pH
is due to the relative instability of the antigens in
alkaline solution (6). An 0.02 M borate buffer was
as effective as 0.1 M phosphate when extraction
was carried out for 4 hours. However, the antigens

cent dying
out Â«0509010151060656055805
of

tumor*Particulate
(-DNA)*Distilled
extractf0.1H2O
extract2%
M phosphate (pH 8)
extractButanol-H2O
Sodium dodecyl-sulfate
extract}Butanol-.
extract}1%
1 M phosphate (pH 8)
extract5%
Tritoni
extract5%
Triton
extractNonePer
Triton-phosphate (pH 8)
* An amount equivalent to that extracted below (120 mg.
dry wt.) was injected into two groups of ten mice each at levels
of 10 and 1 mg. per mouse, respectively.
t All extracts were prepared from the particulate fraction
(-DNA).
} Butanol was added in sufficient amounts to saturate a
homogenate of particulate in water or buffer, and the mixture
was allowed to stand 20 minutes at room temperature; all other
extractions were carried on for 8 hours.
Â§
Triton X 100, Rohm and Haas Co., Philadelphia, Pa.

TABLE3
EFFECTS
OFBUFFER
ANDpH ONTHEACTIVITY
OFTRITONEXTRACTS*

Buffer0.1

ofextraction(hr.)4UUu(i"12"uPer
ofmice
cent
dyingout
20205060656055854045
of

phosphate"a0.02
M

borateuu0.1
M

phosphate0
M
borate0.1
.02 M
M borate.pH88.59.09.09.259.59.09.090Length
* Triton added to 5 per cent to a homogenate of particulate
fraction (-DNA).
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appeared to be more stable in phosphate buffer,
since the amount of activity extracted with phos
phate buffer after 12 hours increased over that
extracted in 4 hours, while extraction with borate
buffer for 12 hours resulted in decreased activity.
As shown in Table 4, the amount of activity ex
tracted with Triton-phosphate
medium pH 9 was
greatest after 12 hours, decreasing thereafter. The
manner of preparation of the particulate fraction
was also an important factor. Removal of DNA
.greatly increased the amount of activity extracted
(Table 4), while removal of both DNA and lipide
further improved the effectiveness of extraction.
When extractions were carried out in the refrig
erator rather than at room temperature, little ac
tivity was extracted : 6 hours at room temperature
followed by 6 hours in the refrigerator released
only as much activity as 6 hours at room tem
perature alone.
Properties of the extract.â€”When optimal condi
tions established by these studies, i.e., particulate
fraction free of DNA and lipide as starting materi
al and 12 hours' extraction at room temperature
with 5 per cent Triton in 0.1 M phosphate (pH 9)
were used, most of the activity of the starting
material was obtained in the extract (Table 5).
The extract, which was perfectly clear and light
tan in color, contained 63 per cent of the total
nitrogen originally present in the particulate prep
aration.
After dialysis for 24 hours against dis
tilled water followed by lyophilization,
material
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2.65 X IO-5 and 5.29 X 10~5 cm.2 sec."1 voir1)
and one minor, relatively fast-moving peak (mo
bility, 10.8 X IO"6 cm.2 sec.-1 volt"1) (Chart 1,
pattern A). The small, fast-moving peak was not
present in a subsequent extract prepared from a
particulate
fraction from which RNA had been
removed by adding 9.5 mg. of RNase (Worthington crystallized, salt-free) with the DNase in the
TABLE 5
EFFECTIVENESS
OFOPTIMALEXTRACTION
PROCEDURE*
cent of
mice dying
N)1.00.60.061.80.30.03.6.06Per
out10100100808090705010
of

injectedParticulate
Material

-lipide)uExtractuuExtracted
(- DNA,

residueuDose(mg.
* Particulate fraction (â€”¿DXA,
â€”¿lipide)
was extracted for
la hours with 5 per cent Triton in 0.1 M K2HPO4.

incubation step (Chart 1, pattern B). Incubation
with RNase has been shown to have no effect on
enhancing activity (6). Attempts to carry out
electrophoresis with acetone-precipitated
extracts
dialyzed against other buffers or at lower pH were
not successful, since the suspensions obtained were
TABLE 4
too turbid to allow the passage of sufficient light
EFFECTSOFLENGTHOFEXTRACTION
ANDPREPARATION and showed a tendency to sediment with time.
OFPARTICULATE
FRACTIONONTHEACTIVITYOF5 PER This difficulty could be obviated by omitting pre
CENTTRITON-PHOSPHATE
(pH 9) EXTRACTS*
cipitation with acetone and simply dialyzing the
Triton-containing
extract. After dialysis against
barbi
tal
(pH
8.6),
phosphate
(pH 7.5), and acetate
Hoursextracted4812Â«448961212Particulatefractionminus
ofmice
cent
dyingf40
(pH 6.1) buffers; four components were separated
by electrophoresis. Three were apparently identi
DXAuuuauminus
(20)35
cal with those shown in Chart 1, while the largest
(20)70
(60)50
and slowest component was Triton, which passed
(40)35
through the dialysis membrane very slowly, if at
(20)5(20)50(20)83
all.
lipideminus
DXA, minus lipidePer

(40)

* Combined results obtained in three different assays.
t The number in parentheses represents the number of mice
used.

precipitated
from the extract with cold acetone
contained
11.3 per cent nitrogen, 6.2 percent
RNA, 1.24 per cent hexosamine, and no detectable
DNA. Dialysis of the acetone-precipitated
extract
against 0.05 M borate buffer, pH 9.2, resulted in
an opalescent solution which on electrophoresis
showed two major, slow-moving peaks (mobilities,

DISCUSSION
The wide distribution of enhancing activity in
particulate fractions is in general agreement with
a hypothesis that the enhancing antigens are dis
tributed throughout the membranes of the cells.
On the other hand, the difficulties involved in ob
taining clean preparations of nuclei, mitochondria,
or fluffy layer, compounded in the present case by
the application of methods developed for liver to
an ascites tumor, make it impossible to exclude
contamination of these fractions as an explanation
for their activity. It is of interest that these results
bring into question the assumption that enhancing
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antigens differ from immunizing antigens in that
enhancing antigens are present in cytoplasmic par
ticles, while immunizing antigens are localized ex
clusively in the nuclei. The intracellular localiza
tion of immunizing antigens was determined by
comparing the activities of nuclei from spleen with
cytoplasmic particles from liver and kidney (1).
Since enhancing activity is high in spleen and very
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tissues as spleen, a question that has not been
clearly answered.
The particulate fractions used as starting
material for extracting the antigens may be ex
pected to be composed in a large part of mem
branous particles (2, 10). Enhancing antigens are
concentrated in this fraction and are free from cel
lular components which are soluble in water or
saline solutions and from DNA (also from RNA
if desired). A further degree of purification is prob
ably achieved in the step in which the activity is
extracted so that the antigens may be obtained in
a solution that reveals only two components sep
arable by electrophoresis.
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CHART1.â€”Electrophoretic patterns of acetone-precipitat
ed extracts in 0.05 M borate buffer, pH 9.2, field strength 7.5
volts/cm.: A, extract from a preparation not treated with
RNase, protein concentration 1.2 per cent; B, extract from a
preparation treated with RNase, protein concentration 1.8 per
cent.

low in kidney or liver (6), and in view of the amount
of activity found in the nuclear fraction in the
present study, a distribution of enhancing activity
similar to that found for immunizing antigens
should be expected in such a comparison. Whether
or not enhancing and immunizing antigens actual
ly are localized in different subcellular components
may therefore depend upon whether or not liver
and kidney are approximately as good immunizing
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