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The object of this investigation was to de-
termine the localization of injected radioac-
tive antigens by means of autoradiography.
Deposition of isotopically labeled proteins in
various tissues and subcellular fractions had
been reported from this laboratory(1-5) and
from other laboratories(6-8). The methods
used in these previous studies involved tissue
homogenization and subsequent fractional
centrifugation. With such manipulations, it
was difficult to exclude transfer of labeled
protein antigens from one to another intra-
cellular fraction. Ambiguities of this type
are avoided by using colored azoproteins
which can be detected histologically in the
tissue sections (9-11), or by investigating the
tissues of animals injected with isotopically
labeled antigens using autoradiographic
technics(7,8,12). Tt appears that, hitherto,
no attempts have been made to evaluate the
autoradiographic findings on intracellular lo-
calization of injected antigens by comparison
with the distribution and level of radioactive
antigen in the organs of the same animals.
Such experiments are described in this paper.

Materials and methods. Preparation and
injection of antigens. Heavily or lightly la-
beled S®-sulfanilazo-BGG was prepared by
coupling 1.0 g BGG (Pentex Inc., Kankakee,
IIL.) with 0.1 or 0.01 g respectively, of diazo-
tized S®-sulfanilic acid(2,3,7). Internally
labeled S3%-rabbit serum albumin (S33-Rb-
SA) was obtained by injecting a rabbit with
the hydrolysate of S®%-yeast protein and iso-
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lating the albumin fraction of the blood se-
rum as described earlier(13). A single dose
of 10 to 13 mg of the heavily labeled azopro-
teins or of the internally labeled rabbit serum
albumin was injected intravenously into mice.
The lightly labeled azoproteins were injected
subcutaneously into the foot pads of rabbits.
The animals were killed by exsanguination
from the cervical vessels. The organs of
some of the injected rabbits and mice were
homogenized and protein powders were pre-
pared(13) for measurement of tissue radio-
activity. In some of the experiments, liver
and spleen homogenates were fractionated by
differential centrifugation(1,13).

Histological procedure. 'Tissues were re-
moved from the animals immediately after
death, fixed in neutralized 10% formalin so-
lution for 12 to 24 hours, washed with water,
dehydrated, cleared with methylsalicylate
and embedded in Fisher Tissuemat M. P. 56-
58.5°. Sections of 3 to 7 u in thickness were
mounted on slides coated with gelatin-potas-
sium alum solution and then decerated. Some
sections were stained with Harris hematoxy-
lin or Feulgen-fast green prior to autoradio-
graphy. These slides were then dipped for
20 seconds into 1% celloidin solution, allow-
ing all excess celloidin to drain off. After
drying, the celloidin layer was hardened by
treatment with 80% ethanol for 1 minute,
coated with gelatin and dried. Some sections
were stained with Giemsa following develop-
ment of the autoradiographs. Kodak Auto-
radiographic Permeable Base Safety Strip-
ping Film was used in some of the experi-
ments; in other studies, Kodak Nuclear Track
Type NTB3 emulsion, obtained through the
courtesy of Eastman Kodak Co., Rochester,
N. Y., was employed. The slides and the li-
quid emulsion were warmed up to 37° in the
dark room. Two or 3 drops of the emulsion
were spread over the tissue section with a
fine brush and the slide placed for about 4
minute on the slide warmer at 37°. After
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FIG. 1.

Liver section of Mouse 13 which was inj.
iv. with 12,5 mg (225 X 10° epm) of S%-azo-BGG

and killed after 6.5 hr. Section was stained with
Giemsa and covered with stripping film. Radioac-
tive material (a) in sinusoids and (b) in Kupffer
cells. Nucleus of the Kupffer cell is free of silver
grains. Exposed 21 days. X 700,

drying at room temperature, slides were kept
in a light-proof desiccator over calcium chlor-
ide at 5°C. Exposure times with the wet
emulsion were approximately one-fifth of
those required for stripping film which varied
from a few days to several months.

Results.  Localization of heavily substi-
tuted S*7-sulfanilazo bovine +-globulin. Nice
No. 13, 15 and 16 were killed 6.5 hours. 5
and 10 days, respectively, after intravenous
injection of the antigen. Tissue sections were
prepared from liver, spleen and femoral hone
marrow and studied with autoradiography.
Examination of the liver sections revealed
silver granules concentrated (a) in the cyto-
plasm of Kupffer cells, forming a zone around
the nucleus of each cell, and (b) in the en-
dothelium of the sinusoids (Fig. 1). Much
less radioactivity was found in the hepatic
parenchymal cells. These cells also displayed
more silver granules over the cytoplasm than
over the nuclei. In autoradiographs of the
spleen of injected animals, most of the activ-
ity was found in the red pulp, confirming
earlier reports by Ingraham(7). Autoradio-
graphs of the bone marrow sections showed
the greatest number of grains to be around
the islets of adipose tissue. Unequivocal
identification of some cell types which con-
tained radioactive material was impossible.
However, very little activity was present in
the lymphocytes.

Table I shows that the protein-bound ra-
dioactivity was concentrated in the liver and
spleen, later also in kidney, whereas its con-
centration was low in lung, muscle and in
blood. Differential centrifugation of the
liver homogenate revealed that the mitochon-
drial protein had the highest specific activity
(Table I). Similar results were obtained
earlier after injection of rabbits with heavily
labeled azoproteins(2).

Localization of lightly substituted, exter-
nally labeled antigens. The lightly labeled
S¥-sulfanilazo-BGG was purified by dialysis
against distilled water and precipitated by
alum(14). After resuspension in isotonic sa-
line solution, 0.3 to 0.4 ml of the suspension
containing 13 to 16 mg of the antigen were
injected into each of the 2 hind foot pads of
3 rabbits, No. 300, 308 and 310. The pro-
tein-bound radioactive material was present
in all tissues examined (Table II). Tts dis-
tribution was not very different from that
found after intravenous injection(3). Eli-
mination of the injected antigen from the
blood was determined in Rabbit No. 310 by
taking small samples of blood from the ear
vein each day. The proteins were precipi-
tated by trichloroacetic acid and their radio-

TABLE I. Distribution of Protein-Bound Radio-
activityt after Imtravenous Injection of Sulfanil-
azo-Bovine «-Globulin into Mouse No. 15 and 16.

lﬁouse No. 15 Mouse No. 16

(¢pm/mg) (epm/mg)
X 10" RSpA* X 10 RSpA*

Organs:

Liver 39.7 2.4 7.1 .55

Spleen 182 11 3.7 .29

Lung 7.0 42 .73 057

Heart 3.0 .18 .53 042 .

Blood 4.4 .26 - .69 .054

Kidney 10.6 .64 5.8 45
Liver fractions:
Nuclear 28.1 — 8.0 —
Mitochondrial 73.3 — 15.1 —
Microsomal 26.3 — 4.7 —
Supernatant = 29.0 — 52 —_

* RSpA — Relative Specific activity —
Counts/min. in 100 mg organ protein

Counts/gn. inj./g animal
Weights of mouse 15 and 16 were 38 and 25 g, inj:
counts/min. 63 and 32 X 10°, respectively.
t Methods used for determination of protein-
bound radioactivity in organs and liver fractions
have been deseribed(1).
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TABLE II. Distribution in Rabbits of Bovine y-Globulin Labeled by Traces of Diazotized S§%-
Sulfanilic Aeid after Injeetion into Foot Pads.

Rabbit No. 300
Day killed 2
Wt (g) 1820
Inj. protein (mng) 26
Inj. epm X 10-¢ 1255
Urinet 56%

308 310
4 6
2770 2940
28 32
30.6 23.8
83% 90%

Protein-bound

radioactivity:
Liver
Spleen
Lung 1
Heart
Bone marrow 112,
Kidneys 35.2
Blood serum 1010 7¢
Musele — —_

cpm/mg  RSpA*

1.43
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cpm/mg RspA*  epm/mg RSpA*

7.6 .83 1.45 17

8.2 .89 3.88 44
34.7 3.8 1.02 12
12.2 1.3 34 .039
14.1 1.5 4.4 .50
74.0 7.8 1.7 20
60.3 6.6 3.8 44

1.2 A2 22 .025

* RSpA = Relative specific activity (see Table I).
t Total urinary exeretion from time of inj. to time of death, in 9% of total inj. activity.

activity measured as described earlier(13).
The specific activity of the blood proteins, 2,
3, 4, 5 and 6 days after injection was 133,
98, 75, 10.6 and 4.7 cpm/mg, respectively.
The thymus had a specific activity of 1.03
cpm/mg. Less than one per cent of the uri-
nary activity (Table II) was precipitable by
trichloroacetic acid. Blood sera of Rabbits
300 and 308, killed 2 and 4 days after injec-
tion of the antigen, were free of precipitins,
whereas the serum of Rabbit No. 310, killed
6 days after injection, showed a weak but
distinct precipitin reaction when mixed with
the 10-fold volume of a 0.03% or 0.01% an-
tigen solution. Precipitin formation in this
animal is also demonstrated by the steep drop

D

FIG. 2 Popliteal lymp}; node seetio;;f 'Rabbit 300 ;n‘rlrlicvl:vvvas killed 2 days after inj. of BGG-

in circulating radioactive protein from 75
cpm/mg on the 4th day to 10.6 cpm/mg on
fifth day after injection. Fig. 2 shows that
most of the radioactive material in Rabbit
No. 300 is concentrated in eosinophilic mac-
rophages of the regional lymph node, whereas
the lymphocytes contain little of the radioac-
tivity. No increase in plasma cells was ob-
served in sections of the lymph nodes.
Localization of internally labeled RbOSA
(S%%). Rabbit serum albumin containing S3°-
amino acids(13) was intravenously injected
into mice, and distribution of the internally
labeled antigen in the spleen was examined.
Autoradiographs of mouse spleen sections
showed that some of the radioactivity was ex-

8% into hind foot pad. Section was stained with hematoxylin-eosin and eoated with photographie
emulsion. Photomicrographs with focus on cells (left) and on emulsion (right). Most of activ-
ity is coneentrated in cytoplasm around nuclei of eosinophilic macrophages. Twenty-eight day

exposure.

X 700.



96 AUTORADIOGRAPHIC LOCALIZATION OF ANTIGENS

FIG. 3. Spleen section of Mouse 20 whieh was inj. i.v. with RbSA (8%) and killed after 3 days.

Section was stnined with Feulgen-Fast green and coated with wet emulsion. Photomicrographs
with focus on cells (left) and on photographic emulsion (right). Radioactive material is intra-
cytoplasmic, with no intranuclear activity evident. Seventy-four day exposure. X 700.

tracellular, while tracks of silver granules
were found over the cytoplasm of lymphoid
cells (Fig. 3). All cell nuclei remained essen-
tially free of radioactive material.

Discussion. Using externally and inter-
nally labeled proteins, we had demonstrated
earlier that both the external as well as the
internal label persist as protein-bound ma-
terial in tissues of rabbits for many months
following intravenous injections of the pro-
tein antigens(2,5,13). This was particularly
true for tissues of the reticuloendothelial sys-
tem. However, the method employed in these
previous studies did not indicate the cell
types in which the antigens were concentrated
nor sites of intracellular localization of the
antigens. In the present paper, an attempt
has been made to answer these questions
using autoradiographic studies of animal tis-
sues removed a few hours or days after injec-
tion of the labeled protein antigens.

We found that intravenously injected an-
tigens were concentrated in the Kupffer cells
of the mouse liver and in the red pulp of the
mouse spleen. Antigens injected into the
foot pads of rabbits were localized in the eo-
sinophilic macrophages of the popliteal
lymph nodes. In all these experiments, the
bulk of the radioactive material was found in
the cytoplasm or adsorbed to the cell mem-
branes, whereas nuclei remained almost free
of radioactivity (Fig. 1,2 -and 3). These
findings agree with analogous results ob-
tained in experiments using colored azopro-

teins(9-11) and with our earlier findings in
fractions of homogenized tissues. The anti-
gens used in all our experiments were water-
soluble proteins. Previous investigations of
liver and spleen homogenates demonstrated,
however, that most of the radioactivity re-
sided in the cytoplasmic granules of the liver
and spleen, and not in the supernatant frac-
tion which contains the soluble substances
(1,2,7). From these observations and from
the results of recovery experiments(15), we
concluded that the antigen is converted to
some insoluble material by combination with
antibodies or by nonspecific combination with
other cellular constituents such as lipids, nu-
cleic acids or mucopolysaccharides. McMas-
ter and Kruse(16) have drawn similar con-
clusions, since they were not able to detect
reactive antigen in organs of injected animals
with direct methods, although indirect meth-
ods clearly indicated the presence of antigen.
Garvey and Campbell(17) assumed that the
low serological activity of tissue-bound anti-
gens was due to degradation of the antigen
and presence of antigen fragments which were
bound more or less firmly to RNA or other
constituents of the cells. Our results are
reconcilable with either of these views.
Summary. Analyses of the distribution of
isotopically labeled antigens in the animal
were combined with autoradiography of the
tissues. - After intravenous injection of
heavily “ substituted S*-sulfanilazo-bovine +-
globulin into mice, we found protein-bound
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S3% in the cytoplasm of the Kupffer cells of
the liver. Similarly, activity of injected bio-
synthetically labeled S35-RbSA was concen-
trated in the cytoplasm of lymphoid cells of
the spleen, particularly in the red pulp. After
injection of lightly labeled S3%-sulfanilazo-bo-
vine y-globulin into the foot pads of rabbits,
the radioactive material was concentrated in
the cytoplasm of the eosinophilic macro-
phages of the popliteal lymph nodes. In all
these cell types, the protein-bound S*° was
either present within the cytoplasm or ad-
sorbed to the cellular membrane. Little in-
tranuclear radioactivity was evident.
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In susceptible hosts endotoxins of gram-
negative bacteria cause a variety of biological
effects, such as fever, local and systemic
Shwartzman reactions, necrosis of experi-
mental tumors, as well as alterations of non-
specific resistance, antibody formation, and
dermal reactivity to epinephrine(1-5). The
lipopolysaccharide moiety of the bacterial
endotoxins seems to be responsible for the
majority or all of these biological effects. In
contrast to the extensive data reported on en-
dotoxins from gram-negative bacteria, only
limited information is available on similar
biological effects by products from gram-posi-
tive microorganisms(3,6,7).
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Recently it was shown that a trichloracetic
acid extract from Staphkylococcus aureus
strain D alters dermal reactivity of rabbits to
epinephrine(8). This effect was comparable
to that observed with endotoxins. of gram-
negative bacteria(5) and the lipid A com-
ponent of E. coli endotoxin(9). In view of
this observation, a study of the possible tu-
mor-necrotizing effect of the same staphylo-
coccal extract was undertaken. As reported
herein, this extract causes extensive hemor-
rhagic necrosis of mouse sarcoma 180.

Materials and methods. Two strains (D
and 5550) of coagulase positive Staphyio-
coccus aureus were used for preparation of
extracts, carried out as previously described
(8). The extracts were prepared at Difco
Laboratories, Detroit, and obtained through



