Antibody Synthesis Initiated
in vitro by Paired
Explants of Spleen and Thymus

Abstract. Primary in vitro synthesis
of antibody has been achieved with a
mouse spleen-thymus organ culture sys-
tem 54 hours after it was incubated
for 18 hours with coliphage R17.

Many attempts have been made to
develop an in vitro organ culture sys-
tem in which antibodies could be syn-
thesized in lymphoid tissue after incu-
bation with antigen. Although consid-
erable success in detecting antibody
production has been achieved with cul-
ture systems utilizing organs previous-
ly immunized in vivo (), the models
developed for primary antibody syn-
thesis have necessitated a preliminary
step. For example, Fishman (2) and
Friedman, Stavitsky, and Soloman (3)
first incubate their antigen with large
numbers of peritoneal macrophages.
Globerson and Auerbach (4) inject
either phytohemagglutinen or complete
Freund’s adjuvant intraperitoneally 24
hours before killing their animals for
culture. The results from our experi-
ments appear to indicate that a pri-
mary antibody response can be in-
duced in vitro by a process more
closely resembling the in vivo condi-
tion.

These experiments utilized spleen
and thymus explants obtained from
Swiss-Webster mice less than a week
old, killed by decapitation. After death
all animals were exsanguinated, the
blood was collected and centrifuged,
and the serums were saved for later
titration. Explants (usually 7 to 8 in
number) were placed in plastic filter-
well assemblies resting in Falcon cul-
ture dishes 60 mm in diameter by 15
mm deep. The assembly consisted of a
multichambered Teflon plate with 21
circular holes, each 5 mm in diameter
and 5 mm in depth. A nylon-reinforced
TW Millipore filter (pore size, 0.45 p)
was glued to the bottom of the Teflon

plate.

Each experiment consisted of six
filter-well assemblies, including two
assemblies  containing explants  of

spleen, two assemblies containing ex-
plants of thymus, and two assemblies
containing explants of both spleen and
thymus. The number of explants per
culture dish varied with the age and
size of the animals, but always includ-
cd the entire spleen and/or thymus of
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each animal; tissues from different ani-
mals were never mixed. Where spleen
and thymus were cultured separate-
ly, no more than one explant was
placed in any one well of the as-
sembly. Where spleen and thymus were
cultured together, a single well con-
tained an explant of each organ; con-
tact between the spleen-thymus ex-
plants was not prevented. To each of
the culture dishes, 3.0 ml of Eagle’s
basal medium (5) containing 10 per-
cent calf serum was added, a volume
sufficient to just cover the organ ex-
plants. One-half of the cultures served
as controls; to the other half of the
cultures a 0.1-ml volume containing
108 ultraviolet-inactivated  plaque-
forming units of the coliphage R17
was added as the antigen. The dishes
incubated in a water-saturated
atmosphere containing 5 percent CO,
and 95 percent air, at a temperature
of 38.5°C.

After incubation for 18 to 24 hours
the virus-treated explants were washed
three times in Earle’s balanced salt
solution to remove excess antigen and
were then placed in a new filter-well
assembly with fresh medium; the con-
trols were treated in a similar man-
ner. The medium was changed and
collected at 2, 5, and 8 days after
washing. The used medium was stored
at —20°C for later titration.

The globulin fractions contained in
the harvested culture medium from
each assembly were concentrated ap-
proximately six times. All operations for
these procedures were carried out at
4°C. The globulin proteins were pre-
cipitated from the harvested medium
by the addition of an equal volume
of saturated ammonium sulfate. After
low-speed centrifugation (1000g for
15 minutes) the packed precipitate
was dissolved in 0.5 ml of 02M
phosphate buffer (pH 7.6) (6). In
order to remove the ammonium sul-
fate, the dissolved samples were di-
alyzed against 200 volumes of the
phosphate  buffer described above,
changed three times at 12-hour in-
tervals.

The concentrated fluids from cul-
tures were titrated for R17-neutralizing
activity as follows: To tubes contain-
ing duplicate samples of 0.2 ml of
each fluid concentrate, 0.1 ml of a
suspension containing approximately
100 active plaque-forming units of R17
was added. A series of control tubes
containing 0.2 ml of saline and 0.1

Table 1. Results of titration of tissue culture
fluid concentrates collected 5 days after com-
pletion of incubation with antigen.

Filter-well Inacti-

assemblies Type of cubl{ule vation

(No.) in assembly (%)
Unstimulated

54 Spleen 0 to 10

50 Thymus 0 to 10

48 Spleen-thymus 0 to 10

Stimulated

54 Spleen 0 to 10

46 Thymus 0 to 10

32 Spleen-thymus 0 to 10

4 Spleen-thvmus 30 to 40

6 Spleen-thymus 40 to 50

9 Spleen-thymus 50 to 60

3 Spleen-thymus 90 to 93

ml of a suspension of R17 were also
prepared. All tubes were incubated for
an hour in a 37°C water bath. Im-
mediately after incubation 0.1 ml of
a suspension of the HFRI1 strain of
Escherichia coli (about 108 bacteria
per milliliter) and 2.0 ml of melted
0.8-percent tryptone agar were added
to each tube. The tubes were main-
tained in a 45°C water bath until they
could be poured into petri dishes con-
taining approximately 20 ml of a solidi-
fied 1.2-percent tryptone agar feeder
layer. After solidification of the top
agar the plates were incubated upside
down overnight at 37°C. The next
morning we counted and tabulated the
number of plaques on each plate. The
percent neutralization was calculated
by comparing the number of plaques
obtained on each experimental plate
with the average number of plaques
obtained from the series of virus-saline
plates. For the purpose of these experi-
ments a neutralization of 20 percent or
more of the bacteriophage was con-
sidered significant. For a more exten-
sive discussion of the agar overiay
method of phage assay and titration,
see Adams (7).

Neutralization of from 30 to 93 per-
cent of the R17 plaque-forming units
was observed in the concentrated
fluids obtained from 22 of 54 stimu-
lated spleen-thymus cultures. (Attempts
are being made to increase the num-
ber of positive cultures, since at pres-
ent they remain in the minority.) No
significant neutralization (less than 10
percent) was observed in fluids ob-
tained from any of the control cul-
tures or from any of the stimulated
but separately explanted spleen or
thymus cultures (Table 1). In most
experiments, neutralizing activity could
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be demonstrated within 72 hours of
antigenic stimulation, and was still de-
tectable 10 days after stimulation, at
which time the experiments were termi-
nated. Both the number of successful
experiments (22/54) and the inactiva-
tion titers obtained in our system ap-
peared to be as high or higher than
those obtained in other primary in vitro
mammalian antibody systems in which
bacteriophage has been the antigen
(2, 3).

Preliminary experiments designed to
show that the virus-neutralizing activity
found in our concentrated culture fluids
was due to an immunoglobulin and not
to some nonspecific virus-neutralizing
factor have been encouraging. The 78
and 198 gamma-globulin fractions were
isolated from several of the concentrated
culture fluids (6 days after antigen stim-
ulation) with high inactivation titers by
means of sucrose density gradient cen-
trifugation. Titration of these and all
other fractions of the density gradi-
ents showed the neutralizing activity
to be concentrated only within the 7S
and 19§ peaks. Control samples showed
less than 5 percent neutralization in
all fractions. (Details of the above
experiments as well as other experi-
ments designed to characterize the na-
ture of the neutralizing substance will
be reported later.)

Assuming that the neutralizing ac-
tivity directed against R17 demon-
strated by the concentrated fluids was
due to antibody, the possibility of a
secondary response due to previous in-
fection with this organism must be con-
sidered. Factors weighing against this
possibility include both the early age
of the animals at the time they were
killed and the lack of any detectable
neutralizing activity in their serums.
However, since the R17 is a widely
distributed coliphage, the possibility of
primary in vivo exposure cannot be
completely ruled out unless germ-free
animals are used.

In order to detect the relatively
small amounts of antibody produced
in a system of this type, very sensitive
assays are required. Two of the most
sensitive systems include lysis of red
blood cells as described by Jerne (8)
and phage neutralization as described
by Adams (7). Unfortunately, anti-
gens found on red blood cells are as
ubiquitous as are coliphages.

In the present experiments the pres-

ence of both spleen and thymus to-
gether in the cultures is required for

18 MARCH 1966

production of the neutralization fac-
tor. The specific mechanism of spleen-
thymus interaction in our system is
yet to be defined. However, the lymph-
oid system of the mice used in these
experiments is rapidly differentiating,
and it has been widely reported that
the thymus is required for the func-
tional as well as morphological dif-
ferentiation of lymphoid tissue (9).
How the thymus functions in these re-
spects is still obscure.

Especially significant in the above
system is the absence of the require-
ment for any preliminary preparations
of either antigen or tissues before pri-
mary stimulation with antigen.
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Radiocarbon Samples: Chemical
Removal of Plant Contaminants

Abstract. Roots and similar plant
matter can be efficiently removed from
charcoal samples by nitration and ace-
tone leaching after preliminary re-
moval of humic acids and lignin by
standard procedures.

Some samples on which radiocarbon
dating is desirable are mixtures of
finely divided charcoal, plant matter
(mainly root fragments), and soil or-
ganic matter. Physical separation of the
contaminating plant matter is quite im-

practical because of the small particle
size and the similar bulk densities
of the charcoal and root fragments.
Such samples commonly have to be
discarded as unsatisfactory for radio-
carbon dating, yet the geochronologi-
cal significance frequently makes it
highly desirable to salvage the charcoal
for dating. In addition, the requirements
for purity become more critical as the
age of the samples increases (/) and
when the samples are to be isotopically
enriched (2).

Three chemical methods for remov-
ing plant contaminants from charcoal
that have been tested by treating sam-
ples made up entirely of modern grass
roots are (i) “wet combustion” with
perchloric and nitric acids, (ii) bleach-
ing with sodium hypochlorite followed
by digestion in 72 percent sulfuric acid,
and (iii) nitration of cellulose and
leaching with acetone after bleaching.
The last method is the easiest and
most efficient and is described in de-
tail.

Washed and dried grass roots were
leached with hot sodium hydroxide
solution to remove humic acids and
lignin. Final delignification was ob-
tained by bleaching the residue with
sodium hypochlorite in hydrochloric
acid solution (3). The remaining cel-
lulose residues were removed by nitra-
tion and subsequent extraction of the
nitrated cellulose with acetone. The
test sample of grass roots was rendered
completely soluble by this treatment,
the only residue being inorganic mat-
ter (probably silica).

To test the method further, an arti-
ficial sample was prepared by mixing
8.18 g of charcoal that had C* activity
(sample A-482) (4) with 047 g of
modern (August 1963) grass roots
(sample A-487) with a fallout-
produced radiocarbon activity equiva-
lent to 1732.4 percent of the modern
activity (0.95 of standard oxalic acid).

The artificial sample consisting of
94.61 percent charcoal and 5.39 per-
cent dried roots was pulverized, boiled
in 15 percent sodium hydroxide solu-
tion for 1 hour, and washed and filtered
on glass paper. The residue was de-
lignified by slowly adding 150 ml of
sodium hypochlorite (Clorox) to the
sample in 200 ml of 6N hydrochloric
acid with constant stirring. After boil-
ing this mixture for 20 minutes and
filtering it, the cellulose in the residue
was nitrated for 10 minutes with 400
ml of a mixture of concentrated nitric
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