that this transition when fixed by the
measurement of pressure in more suit-
able apparatus may serve as a very
valuable calibration point since the
volume change is large and the change
-in resistance should be easily detectable.
Phosphorus has the added advantage
that its absorption is low and hence it
may be added to samples for x-ray
study without impairing the quality
of the picture.

JoHN C. JAMIESON
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University of Chicago, Chicago, lllinois
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Antigenic Determinants in Fragments of Gamma Globulin

from Rabbit Serum

Abstract. Peptic digestion of fraction 1IlI from papain-digested rabbit serum
v-globulin produces a variety of smaller fragments. Some are too large to pass
through a dialysis bag, and these retain the capacity to precipitate with antiserum
to rabbit y-globulin. Others pass through the bag and fail to precipitate with anti-
body, but they can inhibit the precipitation of antibody with fraction III. This
indicates that antigenic determinants of the vy-globulin molecule are carried in

these fragments.

Rabbit y-globulin, when digested by
crystalline papain, is split into three
fragments; each comprises roughly one-
third of the parent molecule (I). One
of these pieces (fraction III) carries
a number of properties characteristic
of y-globulin including most of the
antigenic determinants (1), the ability
to fix complement (2), reactivity with
sera from rheumatoid arthritis patients
(3), and the capacity to be recognized
as y-globulin by homologous cells (4).

Pepsin also splits rabbit y-globulin
into smaller units (5), but apparently
produces rapid degradation of the por-
tion of the molecule corresponding to
fraction III. Therefore, smaller frag-
ments of fraction III possessing these
activities might be obtained by con-
trolled treatment with pepsin.
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Fig. 1. Electrophoretic patterns in starch
gel of dialysate (DIAL), nondialyzable
fraction (NON-DIAL), fraction III
(FIII), and rabbit ~v-globulin (v-GLOB).
The solid areas indicate heavy protein
concentrations; the speckled areas indicate
lower concentrations.
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The y-globulin, prepared from rabbit
serum by precipitation with sodium
sulfate (6), was digested by crystalline
papain and fractionated (). Fraction
III was digested by 3 percent crystalline
pepsin at room temperature, pH 4.0, in
a dialysis bag under air pressure (2 lb/
in*) within a vessel containing water
at pH 4.0. The dialysate was changed
twice daily over a period of 4 days;
by that time the volume within the bag
had been greatly reduced and a crystal-
line precipitate had formed. Both the
dialysate and the nondialyzable material
were adjusted to pH 7.5, and the di-
alysate was lyophilized.

Starch-gel electrophoresis (7) in bo-
rate buffer, 0.2M, pH 8.4, of dialysate,
nondialyzable material, rabbit y-glob-
ulin, and fraction III revealed four
peaks each for fraction III (F III) and
for the nondialyzable material (Fig. 1).
These differed quantitatively in that
fraction III contains few of the faster
moving components, and a large por-
tion of it remained at the origin. The
dialysate was composed exclusively of
faster moving fractions, much of which
appeared as a diffuse smear near the
anode end of the gel.

The four components of the non-
dialyzable fraction were isolated by
preparative starch-gel electrophoresis.
They were eluted from the starch by
electrodialysis. Each was examined in

a Spinco model E ultracentrifuge; the
sedimentation constant, S, values
ranged from 2.3 to 3.2 as compared to
3.5 for fraction III. Ultracentrifugation
of the dialysate gave a slow diffuse
boundary that closely resembled a salt
boundary.

The nondialyzable fraction gave four
precipitin bands in reaction with a goat
antiserum to the y-globulin of rabbit
serum, when studied by the Ouchter-
lony gel-diffusion technique (8, 9)
(Fig. 2). The specificity of this anti-
serum was characterized by quantita-
tive precipitin and gel-diffusion tests
(10). Fraction III gave a single precipi-
tin band, while the dialysate produced
no discernible reaction. When the com-
ponents of the nondialyzable fraction
were tested individually, each showed
a single precipitin line which gave re-
actions of identity with bands produced
by the others. This suggests that these
fragments all carried the same anti-
genic determinants. The presence of
multiple bands in diffusion tests of the
whole nondialyzable fraction may have
been the result of differences in rela-
tive concentration of the components.

Immunoelectrophoresis in agar (11)
of the nondialyzable material at pH 8.6
produced five precipitin lines when de-
veloped with the goat antiserum while
fraction III itself gave a single band
(Fig. 3). Each of the four components
of the nondialyzable fraction gave a
single band with a characteristic elec-
trophoretic mobility.

The dialysate was chromatographed

Fig. 2. Gel diffusion patterns of fragmen
of rabbit y-globulin reacted against anti-
rabbit y-globulin. Goat antiserum is in
central well. Fraction III (FIII), non-
dialyzable fractions of two independent
digestions (Dig. I and Dig. II), and the
dialysate from one of the digestions (Dial.)
are in the peripheral wells.
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Fig. 3. Immunoelectrophoretic patterns of
fraction III (FIII) and its digestion prod-
ucts. FIlIpe, the nondialyzable material
from peptic digestion of fraction III; 4, B,
C, D, the four protein bands from starch-
gel electrophoresis of Flllpe, in sequence
with A the slowest moving and D the
fastest. The troughs contain goat anti-
rabbit y-globulin serum.

on Sephadex G-50, and two peaks were
obtained by elution with 0.01 M NaCl.
Neither produced specific precipitation
with the goat antiserum either in agar
(immunoelectrophoresis) or in saline.
Both, however, inhibited the precipita-
tion of this antiserum with fraction III,
as determined by delay of flocculation
time; this demonstrated that the frac-
tions combined with antibody. Neither
produced detectable inhibition of the
specific precipitin reaction when bovine
v-globulin was added to homologous
rabbit antiserum.

It seems likely, in view of the pattern
given by starch-gel electrophoresis,
that the dialysate consists of a more
complex mixture of peptides than the
recovery of two peaks from chromatog-
raphy on Sephadex G-50 would indi-
cate (12).

JoEL W. GOODMAN
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Escape and Avoidance Learning in Newly Hatched Domestic Chicks

Abstract. Under the conditions specified, chicks fail to learn either to escape or
to avoid shock on the day of hatching. Chicks trained for the first time on the day
after hatching quickly learn to escape but do not learn to avoid shock. Avoidance
learning first appears on the third day of life, and from that time the number of
chicks learning to avoid increases with age, so that by the fifth day of life the

majority are able to do so.

In the course of some experiments on
the effects of noxious stimuli on im-
printing (), it was noticed that very
young domestic chicks seemed to show
no concern as they were being har-
nessed to an apparatus in which they
had received a very powerful electric
shock some 12 hours previously, The
experiment described here was made in
order to obtain some systematic evidence
on the development of escape and
avoidance learning in these animals.

The apparatus consisted of a two-
compartment box of a kind commonly
used for classroom demonstrations of
instrumental avoidance conditioning in
rats. One half of the box was painted
white and contained a grid floor to
which the scrambled shock source
(Grason-Stadler model E6070B) sup-
plied a short circuit current of 4 ma at
350 volts, 60 cy a-c. The other half
of the box was painted black and had
a solid floor. One side of the shock
compartment was made of clear Plexi-
glass through which the conditioned
stimulus (CS), the light from a 60-watt
lamp placed 4 inches away, could be
seen when it was on.

The procedure was as follows: After
the chick had been placed in the center
of the grid, the CS was turned on. Ten
seconds later the shock (UCS) was
automatically supplied to the grid in the
white compartment, and both CS and
UCS remained on for a further 30 sec-
onds or until the chick had crossed to
the black half of the box, whichever oc-
curred earlier. The chick was then re-
moved from the apparatus and returned
to its cage. There was a 1-minute in-
terval between the start of one trial and
the start of the next. Each chick was
run for 100 trials, or until it had reached
a criterion of five successive avoidances
or eight avoidances in ten consecutive
trials, whichever occurred first. A thin
coating of electrode paste was smeared
on the chick’s feet every ten trials. Con-
trol chicks were run at the same time in
a dummy apparatus; they were treated
in exactly the same way except that
they were never given an electric shock.

Fifty-five New Hampshire X Barred

Rock chicks were hatched in the labora-
tory and reared in individual fiber-glass
cages in a constantly illuminated room
kept at 90°F. They were divided into
five independent groups; seven chicks
were trained when they were less than
15 hours old (day 1), ten when they
were between 25 and 43 hours old (day
2), nine when they were between 49
and 67 hours old (day 3), nine when
they were between 73 and 91 hours old
(day 4), and ten when they were be-
tween 97 and 115 hours old (day 5).
Two additional chicks were run as con-
trols (no shock) at corresponding ages.

The results were as follows: None of
the day-1 group learned either to escape
or to avoid the shock; all except one
of the day-2 group learned to escape
but none learned to avoid; from day-3
the proportion of chicks learning to
avoid increases with age. The mean es-
cape latencies of the chicks in the
different groups which failed to learn to
avoid shock are given in Fig. 1, from
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Fig. 1. Mean escape latencies of the chicks
in each age group which failed to reach
the criterion of avoidance learning.
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