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Cell Dissociation: Univalent Antibodies as a
Possible Alternative to Proteolytic Enzymes

Abstract. Univalent antibody fragments directed against special membrane anti-
gens dissociate multicellular bodies of the cellular slime mold Dictyostelium
discoideum completely into single cells. This provides a gentle method for cell
dissociation and demonstrates that a nonenzyme protein can disintegrate a tissue

by binding to specific cell surface sites.

Proteolytic enzymes have been shown
to be the most effective agents for dis-
sociating tissues into single cells (7).
Enzymes or other macromolecules may
interfere with cell-to-cell binding in two
ways, either by sterically blocking or
by degrading cell surface sites. It is

open to question whether enzymatic ac-
tivity is absolutely essential for a protein
to dissociate cells. Therefore we tried
nonenzyme proteins which specifically
bind to certain cell surface structures.
Univalent antibody fragments (Fab)
prepared by papain digestion of im-

munoglobulin G (see 2) were selected
because of their specificity, because of
their relatively low molecular weight
(50,000) which restricts their direct
action to a small target area, and be-
cause each Fab molecule binds to only
one antigenic site. Furthermore, use of
Fab avoids cell agglutination and other
side effects of complete antibody action
which follow from cross-linking of cell-
membrane structures (3).

As a test tissue, fragmented multi-
cellular bodies of the cellular slime
mold Dictyostelium discoideum were
used. In the “slug” stage of this or-
ganism, cells are intimately associated
forming a tissue that can be dissociated
only partially by ethylenediaminetetra-
acetic acid (4), and by proteolytic en-
zymes only in presence of 2,3-dimer-
captopropanol or other sulfhydryl
compounds (5, 6). Earlier (7, 8), we
reported that, in D. discoideum, cell
aggregation that precedes slug forma-
tion can be completely inhibited by
Fab directed against special membrane
sites. These sites are thought to be
identical with structures that partici-
pate in cell adhesion.

The aggregation-inhibiting Fab was
prepared from an antiserum produced
by immunizing rabbits with a particu-
late fraction of aggregation-competent
D. discoideum cells. To ascertain
whether this Fab dissociates the slug
tissue, slugs were cut into pieces of ap-
proximately 50 um in diameter and in-
cubated in barbital buffer, pH 7.3, con-
taining 32 mg of Fab per milliliter (8).
Dissociation was observed in 10-ul sam-
ples spread on a cover slip and covered
with a thin, O,-permeable Teflon mem-

Fig. 1 Dissociation of D. discoideum slug tissue by Fab from immunized rabbits. (a) Single cells and groups that remained after in-
cub.:mon‘ for 3 hours; (b and c) completely dissociated slug fragment after an additional 3-hour incubation period; (d) control:
undissociated slug fragment incubated for 6 hours with Fab from nonimmunized rabbits. White scales, 50 um; black scales 10 um.
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brane (9). Without any mechanical
agitation, the fragmented slugs were
loosened at the periphery, and gradu-
ally they fell into single cells. After 3
hours only the central parts of the
pieces were intact (Fig. 1a), which
eventually became also completely dis-
sociated (Fig. 1, b and c). The tips of
the slugs were dissociated last. This
corresponds to the observation that the
presumptive stalk cells that form this
part of the slug adhere more strongly
to each other than the presumptive
spores (6). No dissociation was ob-
served in controls containing 32 mg of
Fab per milliliter from nonimmunized
rabbits (Fig. 1d).

The slow dissociation rate indicates
that at a given time only a small por-
tion of the Fab receptor sites is ac-
cessible to being blocked by Fab. It
remains to be seen whether Fab can
break already established bonds be-
tween associated cells, or whether it
seizes only newly synthesized or de-
tached groups, thus hindering them
from contributing to cell adhesion. In
this case cell dissociation by Fab would
depend on turnover or exchange of its
receptor sites.

The dissociated cells were actively
motile and began to reaggregate ap-
proximately 5 hours after the removal
of unbound Fab; they also aggregated
in the Fab solution about 12 hours after
the beginning of incubation.

For the organism used in this study,
application of univalent antibody frag-
ments provides a gentle and efficient
method of cell dissociation. This method
may be advantageous also in other sys-
tems, especially for experiments in
which degradation of the cell surface
has to be avoided or when the dis-
sociated cells should be kept for longer
periods in the single cell state.

H. BeuG, G. GeriscH, E. MULLER
Friedrich-Miescher-Laboratorium der
Max-Planck-Gessellschaft,
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Histamine Augments Leukocyte Adenosine
3’,5-Monophosphate and Blocks Antigenic Histamine Release

Abstract. Extracellular histamine stimulates accumulation of adenosine 3',5'-
monophosphate in human leukocytes and prevents antigenic release of histamine
from cells of allergic donors. Both effects occur at histamine concentrations that
can be achieved by antigenic release of the amine in vitro.

Leukocytes from human donors al-
lergic to ragweed release histamine
after exposure to ragweed antigen E
(7). This effect, mediated by cell-
bound reaginic (IgE) antibody, serves
as a useful model in vitro for human
allergy, inasmuch as the sensitivity of
the leukocytes to antigen E reflects the
clinical severity of the allergic diathesis
(2). Inferential evidence, based on the
effects of catecholamines and methyl-
xanthines, suggests that elevated intra-
cellular concentrations of adenosine
3’,5’-monophosphate (cyclic AMP) in-
hibit IgE-mediated release of histamine
from human leukocytes and human or
primate lung tissue (3). Histamine it-
self stimulates production of cyclic
AMP in some tissues, such as brain
(4). We have examined the possibility
that histamine might stimulate produc-
tion of the cyclic nucleotide in leuko-
cytes as well. If so, extracellular hista-
mine should prevent the release of
intracellular histamine triggered by ex-
posure to specific antigen. The experi-
ments reported here were designed to
test this hypothesis.

Human leukocytes were isolated and
suspended in an isotonic, tris-buffered
artificial medium (tris-A). In some in-
stances, 0.6 mM Ca2+ and 1.0 mM
Mg2+ were added (tris-sACM) (7).

Synthesis of cyclic AMP by intact
leukocytes was measured as described
elsewhere (5). Cells suspended in tris-
A were incubated with [3H]adenine (6
c¢/mmole, 1 uc per 107 cells) for 40
minutes at 37°C, centrifuged, and re-
suspended in either tris-A or trissACM
containing appropriate concentrations
of histamine and theophylline, 10—2M
(6), and incubated for a further 10
minutes at 37°C. Histamine caused a
dose-related increase in accumulation
of cyclic [PBHJAMP in leukocytes (Fig.
1), usually maximal at 10—4M and de-
tectable at about 10—6M. The maximal
effect, expressed as percentage of in-
crease over basal [3H]nucleotide ac-
cumulation, varied considerably from
subject to subject. In other experiments
(not shown), histamine stimulated
adenyl cyclase activity in broken leuko-
cytes, as measured by the method of
Krishna et al. (7).

Histamine release from leukocytes of
ragweed-sensitive donors was measured
by adding fractions of a cell suspension
in tris-ACM to a series of tubes con-
taining a constant amount of antigen
E and variable concentrations of exog-
enous histamine. The reaction mixtures
were then incubated at 37°C for 60
minutes, and the percentage of the total
cellular histamine released into the fluid
phase was determined fluorimetrically
(I, 3). The percentage of inhibition
caused by histamine was calculated
from the formula [(C—E)/C] X 100,
where C and E stand for the percentage
of histamine release in the control and
histamine-containing tubes, respectively.

Exogenous histamine caused a dose-
dependent inhibition of antigenic his-
tamine release from the cells of allergic
donors (Fig. 2, left). Extracellular his-
tamine at concentrations ranging from
10—7 to 10— %M caused 50 percent in-
hibition of release of intracellular his-
tamine in all subjects tested. These

3H~cyc|ic AMP accumulation (% increase over control)
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Histamine concentration (M)
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Fig. 1. Conversion of [*Hladenine to in-
tracellular cyclic [P HJAMP by intact leuko-
cytes (ordinate) as a function of extra-
cellular histamine concentration (abscis-
sa). Each line represents a single subject.
Incubation medium was either trissACM
(solid circles) or tris-sA (open circles).

"Accumulation of cyclic PH]JAMP is repre-

sented as percentage of increase over basal
accumulation (in the absence of extra-
cellular histamine), which averaged 0.28
=+ 0.14 percent of [°'H]adenine added per
10° leukocytes per 10 minutes of incuba-
tion (5).
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