intracellular viscosity is not signifi-
cantly greater than an aqueous solu-
tion of the hemoglobin at a similar
concentration. Using the Stokes-Ein-
stein equation and a value of 55 A for
the molecular diameter (17) gives
viscosities of 1.94 centipoise and 1.56
centipoise before and after hemolysis.
These results support the view that the
protoplasmic viscosity is not very dif-
ferent from that of pure water; most
of the differences that do exist can be
explained by the high concentration of
protein present. The results differ, how-
ever, from the general conclusions of
Keith and Snipes (7) who found large
values for the intracellular viscosities
of a variety of cells. The difference
may reflect differences in the cells
tested or in the interpretation of the
data, as has been suggested (6). In
general, the use of 13C NMR to study
both intracellular and extracellular pro-
teins should prove valuable for deter-
mining differences between the in vivo
and in vitro environments of enzymes.
R. E. LoNDON, C. T. GREGG
N. A. MATWIYOFF
Los Alamos Scientific Laboratory,
University of California,
Los Alamos, New Mexico 87544
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Inhibition of Immune Responses in vitro by Specific

Antiserums to Ia Antigens

Abstract. Mouse antiserums prepared against la antigens, which are products
of 1 (immune reponse) region genes of the H-2 complex, can inhibit both pri-
mary (immunoglobulin M) and secondary (immunoglobulin G) immune responses
in vitro by mouse spleen cultures to heterologous erythrocytes. Antiserums directed
specifically at products of either the H-2K or H-2D loci have no effect on this

response,

Recently we and others have de-
scribed a system of antigens, Ia, which
is controlled by the I (immune response)
region of the H-2 gene complex (I—4).
These antigens are expressed only on a
subset of lymphocytes, which led to
early conclusions that Ia antigens were
confined to either thymus-derived (T)
cells (3, 4), or bone marrow—derived
(B) cells (2). We have shown that Ia
antigens are expressed both on T and
B cells (3).

If Ia antigens are related either to
Ir gene products or to the cooperation
factors postulated by Katz (6), then
one might predict inhibition of im-
mune response in vitro by antiserum to
Ia antigens, by direct blockage of
either the antigen receptor or of the
cooperation sites on the cell membrane
by antibodies in the serum. Pierce et al.
(7) have shown that polyspecific H-2
alloantiserums, which could contain
antibodies to Ia, inhibit primary re-
sponses in vitro to sheep red blood cells
(SRBC).

Using carefully defined antiserum to
Ia, antiserum to H-2K, or antiserum to
H-2D, we have been able to show
inhibition of the secondary response to
burro red blood cells (BRBC) in vitro,
as well as inhibition of the primary
response to SRBC.

All mice used were raised in the
mouse colony of the Department of
Human Genetics, University of Michi-
gan. Antiserums specific for Ia anti-
gens were produced by reciprocal im-
munization of A.TH and A.TL mice
(1). These strains are identical in their
H-2K and H-2D regions, and differ
only in the I and S (serum protein)
regions of the H-2 complex. All serums
used came from a single pool that was
well characterized for cytotoxic activ-
ity. These serums contain multiple
antibodies to antigenic determinants
mapping in the I region. Antiserum to
H-2K* was prepared in (A X A.AL)F,
mice by immunization with tissue from
A.TL mice. Two antiserums reacting
with H-2D specificities were used as
controls: (i) (C3H X B10)F; anti-
serum to C3H.Q, an antiserum to

H-2.13, which might contain antibodies
to I¢ region antigens but could not
contain antibody to I¥ region antibod-
ies because the H-2k haplotype is pres-
ent in the recipient; or (ii) (B10 X
AKR.M)F, antiserum to B10.A, which
could also contain antibody to I¢ region
antigens but also is blocked for IF
region antigens by the presence of
AKR.M in the recipient. Antiserums
were diluted 1:2 and sterilized by
filtration before they were used in cul-
tures.

Mouse spleen cell cultures were
established by a modification of the
method of Mishell and Dutton (8).
Primary cultures were made with
SRBC from a single animal and as-
sayed on day 4 for direct plaque-form-
ing cells (PFC) by a modification of
the method of Jerne and Nordin (9).
For secondary responses, spleen donors
were immunized at least 3 weeks be-
fore use with 0.1 ml of a 10 percent
suspension of BRBC. Cultures were
stimulated with BRBC and assayed on
day 4 for both direct and indirect PFC.
For cultures treated with antiserum,
two procedures were used. In the pri-
mary responses, 100 ul of the sterile
diluted antiserum was added to the
cultures on day 0. In the secondary
responses, spleen cells were treated be-
fore culture with a single concentration
of antiserum (usually 1:2) for 20
minutes at room temperatures, and
then placed on ice for 20 minutes. The
cells were washed four times and then
cultured with BRBC,

After adding either of the two spe-
cific antiserums to Ia to unprimed cell
cultures we observed a depression of
the number of direct PFC recovered.
However, in many experiments there
were suppressive effects of normal
serum, which did not seem to be re-
lated to a particular serum, since the
same pool of normal serum might be
suppressive one day and inactive an-
other. We have pooled the data from
the experiments on primary responses
from all treatments at concentrations
of serum greater than 1 :1000. Re-
sponses of cultures treated with nor-

SCIENCE, VOL. 188



mal serum, antiserum to H-2K, and
antiserum to H-2D were 158, 211, and
174 PFC per 108 recovered, respec-
tively. These results are not signifi-
cantly different as judged by an F test
(P > .1). Treatment with antibody to
Ia reduced the response to 52 PFC per
108 cells, a significant reduction (P <
.001). The percentage of viable cells
recovered was the same in all treatment
groups.

Effects on the secondary response to
BRBC were measured by first treating
the cells with antiserum in the absence
of complement. We used BRBC be-
cause the background response in un-
stimulated cultures is very much less
than with SRBC. An early experiment
in which the antiserum was added
when the culture was started is shown
in Fig. 1. There was greater inhibition
by the antiserum to Ia compared to a
control antiserum to H-2K at all con-
centrations tested when IgG PFC are
examined. Less difference was seen in
the IgM response. We observed varia-
tion in the effects of normal serum on
such cultures. This problem could be
avoided by treating the spleen cells with
antiserum prior to starting the cultures.
Two experiments with cells subjected
to such prior treatment with antiserums
are shown in Fig. 2. For both anti-
serums to Ia, the IgG response was
suppressed, while antiserum to H-2K
had no effect. The IgM response was
also strongly inhibited. This is in con-
trast to the experiments in which
antiserum was added to the cultures
undergoing a secondary response. In
no case were the antiserums to H-2K
or to H-2D controls inhibitory.

We undertook these experiments to
test the possibility that Ia antigens are
associated with Ir gene products. The
experiments with xenogenic blood cells
were initiated as controls, on the basis
that no antibodies would be produced
against the I region receptors for these
antigens since both strains are re-
sponders. Extrapolating from the
guinea pig data on blocking of antigen-
induced proliferation (10), we had ex-
pected that we would be able to inter-
fere with only those responses in which
one of the pair of immunizing strains
was a responder and the other a non-
responder. However, Tyan (II) has
reported that immune mouse serums
can inhibit both antigen- and mitogen-
induced proliferation in the mouse. His
data are difficult to relate to ours be-
cause his antiserums were prepared in
such a way that they could have con-
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Fig. 1. Effect of the addition of antiserum to Ia on cultures of BRBC-primed cells.
The antiserum dilution (100 ul) was added to each 1 ml of culture concentration. All
experiments were performed in triplicate. The dot-and-dash (horizontal) lines repre-
sent the response in the absence of serum; the arrow represents the response in the
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Fig. 2. Effect of prior treatment with antiserum on cultures of BRBC-primed cells.
Cells were first treated with the indicated antiserum without complement and cultured
without (dark bars) and with (stippled bars) BRBC. Results are plotted on a scale
in which controls are normalized to 10 PFC per dish. (A) IgM response of A.TL cells;
control, 1520 PFC per culture. (B) IgG response of A.TL cells; control, 4780 PFC
per culture. (C) IgM response of A.SW cells; control, 1568 PFC per culture. (D) IgG
response of A.SW cells; control, 9400 PFC per culture.
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tained antibodies to H-2, Ia, and other
cell-surface antigens (non-H-2).

Pierce et al. (7) have investigated
the ability of antibodies to both H-2 and
non-H-2 to inhibit in vitro primary re-
sponses to GAT;, (a linear polymer
of glutamic acid, alanine, and tyrosine)
and SRBC. They found that antiserums
directed against only H-2D have no
effect on the response, in agreement
with our results. They also observed
that antiserums which can contain anti-
body to Ia in addition to antibody to
H-2K inhibit both IgM and IgG pri-
mary responses. An antiserum, which
they assume to be a specific antibody
to H-2K without any possible Ia anti-
bodies, could in fact contain antibodies
to I-Ck, The antiserum to H-2K that
we used in our study cannot contain
these antibodies (12). Using this anti-
serum we found no inhibition of the
response. Pierce et al. (7) observed no
effect of a specific antiserum to Ia on
primary IgM responses. That serum,
which lacked cytotoxicity, was obtained
from early bleedings of animals that
produced the antiserums that we used
in our experiment. Later bleedings of
the same group of animals yielded
highly cytotoxic serums, which pro-
duced a marked inhibition of the pri-
mary IgM response. When we added
the antiserum directly to the culture as
in the experiments of Pierce et al.,
instead of treating the cells with anti-
serum before starting the culture, we
observed little inhibition of the sec-
ondary IgM, but the IgG response was
inhibited.

We emphasize that simply attaching
any antibody to the cell surface does
not inhibit an immune response, as
shown by antiserums directed at H-2D
or H-2K specificities. Antiserums di-
rected at I region products do alter
the immune response, as would be ex-
pected if Ia antigens were either co-
operative factors or the antigen re-
ceptors themselves. An important re-
maining question with regard to the
mode of inhibition by antiserums to
la is whether prior treatment perma-
nently alters the capacity of the cells
to respond to antigen. It would be ex-
pected that cells with antibody bound
to them would lose the antibody-anti-
gen complexes either by simply shed-
ding the antigens, or by capping and
pinocytosis. If the cells can rapidly
generate new antigens, then one would
predict that preliminary treatment with
antiserums would alter only the kinetics
of the response, by delaying initiation
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—that is, recognition or cooperation.
In some initial experiments we have
observed such an. alteration of the
kinetics; in 4-day-old cultures there
was a marked specific suppression by
antiserum to Ia, and in 5-day-old cul-
tures there was no significant inhibition
by antiserum to Ia.
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Synaptic Organization of the Amine-Containing Interplexiform
Cells of the Goldfish and Cebus Monkey Retinas

Abstract. Fluorescence microscopy has revealed a new type of amine-containing
retinal neuron, the interplexiform cell, that extends processes in both plexiform
layers. After intravitreal injection of 5,6-dihydroxytryptamine in goldfish and
Cebus monkey, the processes of these cells can be identified by electron micros-
copy. In goldfish, the processes are pre- and postsynaptic to amacrine cells in
the inner plexiform layer and presynaptic to bipolar and horizontal cells in the
outer plexiform layer. Interplexiform cells thus provide an intraretinal centrtfugal
pathway from inner to outer plexiform layers.

It is generally accepted that certain
catecholamines act as neurotransmitters
in the vertebrate central nervous system
(1). In the retina, the fluorescence
method of Falck and Hillarp (2) has
shown that there are a small number
of dopamine-containing neurons whose
perikarya are found most often among
the amacrine cells (3). At least some
of these neurons appear to be of a
type not previously recognized since in
some animals (teleost fish and New
World monkeys) they are observed to
extend processes widely in both the
inner and outer plexiform layers (4).
Cells with similar morphological char-
acteristics have recently been observed
in Golgi preparations of cat, Old World
monkey, and dolphin eyes and have
been called interplexiform cells (5).
The synaptic connections made by these
neurons are not known.

Catecholamine-containing ~ neurons

have efficient mechanisms for the up-
take and concentration of both the
natural transmitters and certain ana-
logs (6). Some of these analogs alter
the appearance of the fine structure of
the neurons taking up the drug, en-
abling the processes and perikarya of
the amine-containing cells to be readily
recognized by means of electron micros-
copy (7). We have examined the ef-
fects of a number of these drugs on
the retina and report here experi-
ments in which one such drug, 5,6-
dihydroxytryptamine (5,6-DHT), was
injected into the vitreous humor of
goldfish (Carassius auratus) and Cebus
monkey (Cebus capucinus) eyes. The
synapses made by and onto the amine-
containing cells and their processes
were studied, and the synaptic organi-
zation of the amine-containing inter-
plexiform cells was deduced. This
method, which permits identification
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